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A B S T R A C T  
 

 

Alkaline proteases are widely used in industrial processes due to their high pH tolerance and thermal 

stability. In present work, the protease producing ability of Bacillus strains (Bacillus subtilis PTCC 1254, 
B. subtilis PTCC 1156 and B. subtilis PTCC 1715) was studied. B. subtilis PTCC 1254 showed the 

highest proteolytic activity and therefore, the strain was selected as the biological agent in the submerged 

fermentation. Cell growth kinetic model was investigated using Malthus and Logistic equations, which 
were relatively well fitted to the experimental data. The maximum specific growth rate for Malthus and 

Logistic models were 0.187 and 0.377 h-1, respectively. The optimum culture conditions were defined as 

follows: pH 9, temperature 37°C, fermentation time 72 h, agitation speed 150 rpm and 4%  inoculum 
with medium contained 1 g/l CaCl2, 0.6 g/l K2HPO4, 1  g/l KH2PO4, 0.2 g/l MgSO4.7H2O, 2 g/l sugarcane 

bagasse and 4 g/l corn bran as carbon and nitrogen sources. A 25% v/v industrial wastewater containing 

starchy waste was used as main substrate. Under optimum conditions, maximum alkaline protease 
activity of 117.43 U/ml was achieved. Also, the obtained protease was able to remove blood stain from 

cotton fabric and hydrolyze gelatin of X-ray film. Thus, this protease showed potential applications in 

detergent and photographic industries. 

doi: 10.5829/ije.2023.36.03c.11 
 

 
1. INTRODUCTION1 
 
Enzymes as biocatalysts are used in biochemical 

reactions. Enzymes are also commercially used in 

number of industrial processes [1]. Among various 

enzymes, about 60% of total enzyme marketplace are 

devoted to protease which are the most important group 

of industrial enzymes [2, 3]. Protease catalyze the 

hydrolysis of peptide bonds linking amino acids in the 

polypeptide chain of the protein molecule [4]. Enzymes 

are specifically classified based on enzyme structure and 

properties of enzyme active site. Proteases are 

categorized based on their activities with special 

functional group such as carboxyl, serine, metallo, 

neutral, acidic and alkaline proteases [5]. The most 

important group of enzymes so far used are the alkaline 

serine proteases [6]. Alkaline proteases as additives are 
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extensively used in pharmaceuticals, dehairing of leather, 

textile, food and detergent industries [7, 8].  The major 

sources of alkaline proteases consist of plants, animal 

organs and microorganisms.  The microorganisms 

including bacteria, molds and yeasts can produce alkaline 

proteases [5, 9, 10]. Presently, Bacillus species are 

commercially used to obtain alkaline proteases due to 

their high pH and temperature tolerances [11]. Selection 

of the right microorganism is very important in 

production of high yield of the desirable enzymes. 

Furthermore, protease production by microorganisms is 

affected by the medium composition; the nitrogen and 

carbon sources and process parameters such as pH, 

temperature, agitation speed, incubation time and 

inoculum size [12, 13]. Achieving high enzyme 

productivity significantly depends on selection of 

suitable fermentation technique and optimization of 
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media composition [14, 15]. Proteases and other enzymes 

are often produced by submerged and solid state 

fermentation techniques [16, 17]. Currently, more than 

90% of the commercial enzymes are produced through 

implication of submerged culture due to its obvious 

advantages in consistent enzyme production 

characteristics with defined medium, process conditions 

and advantages in downstream despite of the cost-

intensiveness for medium components [18, 19]. The cost 

of enzyme production is the most important factor which 

effects on process economics. The most important factor 

in the cost of enzyme production in submerged 

fermentation is devoted to the growth medium [20]. One 

of the environmental problems in recent years is the 

treatment and release of industrial wastewater. Certainly, 

special wastewater, in particular those collected from 

food factories can be used for production of value-added 

products. Through, specific process and recyclable 

materials can be utilized for production of protein, 

enzyme and etc. [21, 22]. Another low-cost substrate that 

can be used for enzyme production is agricultural waste. 

The cost of enzyme production is reduced by utilization 

of agro-waste like rice bran, wheat bran and corn bran 

[23, 24]. In this study, specific strain of bacterial strains 

with high proteolytic activity was selected. In addition, 

considering the economic aspect of enzyme production, 

low-cost substrate was used for enzyme production. The 

purpose of present work was to demonstrate a thermal 

tolerant species of bacteria for the production of protease 

by means of media and process parameters optimization 

in order to maximize enzyme productivities.  

 

 

2. MATERIALS AND METHODS 

 

2. 1. Organisms and Media       B. subtilis PTCC 1254, 

B. subtilis PTCC 1156, B. subtilis PTCC 1715 were 

supplied by the Iranian Research Organization for 

Science and Technology, Iran. These microorganisms 

were cultivated in a medium containing 4 g/l glucose, 2 

g/l peptone, 2 g/l yeast extract, 1 g/l KH2PO4 and 0.2 g/l 

MgSO4.7H2O, and were incubated in an incubator-shaker 

(IKA KS 4000 ic Control) at 33°C and 110 rpm for 24 h. 

The stock cultures of all strains were maintained on 

culture tubes and stored at -4°C for long term 

preservation. To prepare solid phase media for culture 

studies, 2% agar was added to the liquid media. The 

microorganisms were cultured for purity and stock 

cultures were regenerated in every month on a fresh plate. 

 
2. 2. Materials       Industrial wastewater was collected 

from the starch manufacturing plant (Mahshad, Yazd, 

Iran). The wastewater consisted: starch (3.65 g/l), 

glucose (3.321 g/l), total nitrogen (8.8 mg/l N), NH4 (11.7 

mg/l), NH3 (10.7 mg/l), total phosphate (52.48 mg/l P), 

amount of ash (0.2%), total suspended solid (1.06%). The 

substrates screened were sugarcane bagasse, rice bran, 

wheat bran as carbon supplements; corn bran and 

soybean meal as nitrogen sources. All substrates were 

washed with distilled water and dried at 60°C for 48 h to 

remove undesired debris. In order to obtain proper 

powder, dried substrate was milled and kept in a dry 

place. All substrates were purchased from local market. 

 

2. 3. Screening for Alkaline Protease Activity       
Casein-agar medium consisted 10 g/l casein, 5 g/l NaCl, 

12 g/l agar, 5 g/l beef extract and 5 g/l peptone. The 

respective strains were inoculated on the plates as a single 

line and incubated at 37°C for 48 h. The production of 

alkaline protease was proved by the formation of clear 

zones surrounding the colonies [25]. The microorganism 

with maximum zone formation was selected for further 

analysis. 
 

2. 4. Inoculum Preparation and Production of 
Enzyme       A loop-full of the agar culture of each strain 

was added into 50 ml of the medium containing 10 g/l 

glucose, 5 g/l peptone, 5 g/l yeast extract, 0.2 g/l 

MgSO4.7H2O and 1 g/l KH2PO4, and were incubated at 

37°C for 24 h. This formulation is known as modified 

Horikoshii medium [26]. The inoculum was prepared by 

inoculating 5% of the prepared solution into prior 

medium and incubated for 16 h. Then 5% of the inoculum 

was added into medium containing (g/l): peptone 5, 

KH2PO4 1, K2HPO4 0.6, and 25% (v/v) starchy waste. 

Submerged fermentation was carried out at 37°C and 130 

rpm for 72 h. The fermentation residue was centrifuged 

at 8000 rpm and kept at 4°C for 10 min. The supernatants 

were used to measure protease activity. 
 

2. 5. Growth Kinetics       The culture containing 10 g/l 

glucose, 5 g/l peptone, 5 g/l yeast extract, 0.2 g/l 

MgSO4.7H2O and 1 g/l KH2PO4 was inoculated with 5% 

(v/v) inoculum and incubated in a shaking incubator at 

37°C for 24 h. Samples were taken at certain time 

intervals and the sugar concentration and cell density 

were determined. Cell dry weight was determined using 

a 0.25 µm filter  by drying biomass at 60 °C for 24 h. 3,5-

dinitrosalicylic acid (DNS) method was used to 

determine reduced sugar concentration [27]. 

Malthus and logistic equations are known as 

unstructured kinetics models that are used for 

investigation of kinetic growth of B. subtilis PTCC 1254. 

Malthus rate model is defined as the changes of biomass 

concentration which is proportional to the cell growth: 

𝑑𝑥

𝑑𝑡
= 𝜇𝑥  (1) 

where x is cell dry weight (g/l) and µ is specific growth 

rate (h-1). Apply separation of variables then integration 

with initial condition, the above equation is simplified as: 

ln (
𝑥

𝑥0
) = 𝜇𝑡  (2) 
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where x0 is the initial cell dry weight (g/l) and t is the 

incubation time (h). Logistic equation is derived by the 

following equation: 

𝜇 = 𝜇𝑚(1 −
𝑥

𝑥𝑚
)  (3) 

where µm and xm are the maximum specific growth rate 

(h-1) and the maximum cell concentration (g/l), 

respectively. By substitution of the above equation into 

the Malthus equation and performing integration, cell dry 

weight can be expressed as the following equation [28]: 

𝑥 =
𝑥0exp(𝜇𝑚𝑡)

1−(
𝑥0
𝑥𝑚

)(1−exp(𝜇𝑚𝑡))
  (4) 

 

2. 6. Assay for Proteolytic Activity       Alkaline 

protease activity was assayed by the suggested method of 

Sigma-Aldrich. 5 ml casein solution (0.65%, w/v casein 

in 50 mM potassium phosphate buffer, pH 7.4) was 

placed at the water bath at 37°C until equilibrium was 

achieved. One ml of the enzyme solution was poured to 

the mixture and allowed to react for 10 minutes. Then the 

reaction was stopped with 5 ml TCA solution (0.11 M 

trichloroacetic acid). After 30 min the sample was 

centrifuged at 8000 rpm for 10 min. A 2 ml of the 

supernatant was mixed with 5 ml sodium carbonate 

solution (0.5 M) and 1 ml Folin-Ciocalteu’s phenol 

solution and the mixture was incubated at water bath at 

37°C for 30 min. The amount of tyrosine released was 

determined using a UV-VIS spectrophotometer (UNICO, 

2100 series, USA) at 660 nm against the blank. The 

concentration of tyrosine released was obtained by a 

spectrophotometer at a wavelength of 660 nm. One unit 

of protease activity is equivalent to the protease required 

to release 1 µg tyrosine under standard conditions in 1 

min. 

 

2. 7. Optimized Culture Conditions for the Growth 
of B. Subtilis PTCC 1254       The basal media with 25% 

(v/v) starchy waste as a carbon source was used for 

production of alkaline protease by B. subtilis PTCC 1254. 

Initial experiments showed that optimum percent of 

waste for production of protease was 25% (v/v). Several 

nitrogen sources such as 5 (g/l) yeast extract, casein, 

potassium nitrate, ammonium chloride, sodium nitrate, 

soybean meal, corn bran and corn flour were replaced 

instead of peptone. The basal medium was supplemented 

with various carbon sources such as 5 (g/l) glucose, 

fructose, lactose, arabinose, starch, sugarcane bagasse, 

rice bran and wheat bran. Effect of different parameters 

such as temperature (30, 35, 37, 40 and 45°C), pH (5, 6, 

7, 8, 9, 10, 11 and 12), CaCl2 concentration (0.5, 1, 1.5 

and 2 g/l), inoculum concentration %v/v (1, 2, 3, 4, 5 and 

10), agitation speed (110, 130, 150, 180 and 200 rpm) and 

incubation time (24, 48, 72, and 96 h) were studied. All 

the experiments were carried out in triplicates. 

 

2. 8. Cell Growth and Protease Production       The 

B. subtilis PTCC 1254 culture was inoculated once in the 

basal medium (pH 7, agitation rate 130 rpm) and once in 

the optimal medium under optimal conditions. Samples 

were aseptically taken at different time intervals and cell 

density along with enzyme activity was determined. 

 

2. 9. Applications of Alkaline Protease from B. 
Subtilis PTCC 1254       For assessing blood stain 

removing ability, human blood 100 μl was injected on 

100% cotton fabric, then was placed at oven for 5 min 

(95–100 °C). The alkaline protease (10 ml, 117.43 U/ml) 

was applied to the stain. The removal of blood stain was 

investigated at room temperature. Ability of gelatin 

hydrolysis from X-ray films was also investigated. The 

X-ray films were washed with double distilled water and 

dried with ethanol; then were placed in an oven at 40°C 

for 30 min. X-ray films were placed in the enzyme 

solutions and incubated in a shaking incubator. Finality, 

the effect of enzyme activity on the X-ray film was 

investigated after 10, 20, 30 and 40 minutes. Also, the 

turbidity of reaction mixture was determined at 660 nm. 

 

 

3. RESULTS AND DISCUSSION 
 

3. 1. Screening for Alkaline Protease Activity       
Protease production ability of all three bacterial samples 

cultured on casein-agar medium was investigated. Figure 

1 shows colonies and the clear zone created by each one 

of the bacterial colonies. All strains showed a positive 

result for protease production on casein-agar medium, 

but the best protease producer displayed the highest clear 

zone of inhibition was B. subtilis PTCC 1254. Several 

studies have demonstrated that the formation of clear 

zone on casein-agar or skim milk agar by a bacterial 

colony is an indication of alkaline protease production 

[29, 30]. The results showed that all three strains can 

produce alkaline proteases. 

 

3. 2. B. Subtilis PTCC 1254 Growth Kinetic       Figure 

2 shows the changes of sugar concentration and cell 

growth during the fermentation time. The growth curve 

showed that B. subtilis PTCC 1254 had a short lag phase. 

Exponential growth phase was extended from 2 to 16 h 

of incubation time; while after 16 h, the substrate 

concentration was reduced by 70%. 

Based on obtained data, Malthus and Logistic kinetic 

growth rate modes are illustrated in Figures 3a and 3b, 

respectively. The data were relatively well fitted with a 

regression of 0.94 and 0.97 for Malthus and Logistic 

models, respectively. The maximum specific growth rate 

for Malthus and Logistic models were 0.187 and 0.377 h-

1, respectively. Malthus model is based on simple 

exponential growth while Logistic model can project the 
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Figure 1. Bacteria cultured on casein-agar medium, (A) B. subtilis PTCC 1156, (B) B. subtilis PTCC 1715 and (C) B. subtilis PTCC 

1254 
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Figure 2. Cell dry weight and sugar concentration profiles 
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Figure 3. Fitting the experimental data to (a) Malthus kinetic 

model and (b) Logistic kinetic model 

growth curve while considering any growth inhibition 

term. Based on obtained µmax Logistic rate model was 

able to describe cell growth and kinetic rate of B. subtilis 

PTCC 1254 in submerged fermentation. Batch kinetics 

and modeling of alkaline protease production by isolated 

Bacillus sp. was also reported by other researcher using 

Moser -Boulton kinetic model [31]. 
 
3. 3. Production and Enzymatic Activity of Strains       
Temperature, agitation and incubation time for the 

production of alkaline protease by Bacillus species were 

30-37°C, 100-200 rpm and 24-120 h, respectively [32]. 

Accordingly, 37°C temperature, 130 rpm and 72 h were 

selected for incubation of all samples and then bacteria 

were cultivated in the basal medium. Enzyme activity in 

each strain was considered with respect to the above-

mentioned method. Table 1 summarized the results of 

enzyme production for each bacterium. The obtained 

results showed that the unit activity of enzyme 

production by B. subtilis PTCC 1254 was more than other 

two samples, so the specified strain was selected for 

further study. 

 

3. 4. Effect of Nitrogen Sources       In primary 

production of amino acids, nucleic acids, protein and cell 

wall components are metabolized via utilization of 

desired nitrogen source. The regulatory effect of these 

nitrogen sources on the enzyme synthesis was 

investigated. Presence of both carbon and nitrogen 

sources in the medium should highly be affected on 

production of enzyme protease [33]. By evaluating the 

effect of different nitrogen sources on protease 

production, it was determined that corn flour and corn 

bran resulted in the highest enzyme activity (73.20 and  

 

 
TABLE 1. Enzyme activity of different strains of bacteria 

Sample of bacteria Enzyme activity (U/ml) 

B. subtilis PTCC 1254 29.55 

B. subtilis PTCC 1715 6.7 

B. subtilis PTCC 1156 1.44 
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72.07 U/ml). Organic nitrogen sources had significant 

effect on enzyme production, whereas simple inorganic 

nitrogen sources showed reduced alkaline protease 

production (see Table 2). Present study is in agreement 

with previous research as reported that inorganic nitrogen 

sources significantly reduced protease production in 

compare to organic nitrogen sources [12, 34, 35]. Use of 

low-cost feedstock and optimizing the media 

composition with minimum requirements for maximum 

enzyme production has a critical role in industrial scale 

enzyme production. Since corn bran is by-product of the 

corn industry, it was preferred over corn flour due to its 

low cost. The advantage of corn bran could be because 

the organism prefers proteins with slow metabolism or 

partially hydrolyzed. In many microorganisms, 

accumulated amino acids that may be produced by highly 

metabolized nitrogen substrates, repress production of 

protease [36]. Based on obtained results, it was obtained 

that the best nitrogen source for enzyme production may 

be quite different which is depended on selection of 

suitable microorganism. 

 

3. 5. Effect of Carbon Supplementation        In 

general, it is clearly projected that the desired medium 

composition for different microorganisms may 

significantly influence on production of alkaline 

proteases. Availability of both the carbon and nitrogen 

sources within the medium had significant effect on 

protease production and both of these parameters applied 

regulatory affecting on enzyme production. In this study, 

complex and simple carbon sources were investigated. 

Protease production was decreased when simple carbon 

 

 
TABLE 2. Effect of nitrogen sources on the protease 

production in basal medium 

Nitrogen Sources 
Concentration 

(g/l) 

Enzyme activity 

(U/ml) 

Blank 0 29.55 

Soybean meal 5 63.71 

Corn flour 5 73.20 

Corn bran 2 72.07 

 4 78 

 5 72.03 

 6 67.27 

 8 64.96 

 10 56.48 

Yeast extract 5 50.49 

Casein 5 61.34 

Potassium nitrate 5 11.58 

Sodium nitrate 5 23.74 

Ammonium chloride 5 25.58 

sources were used in the culture medium, that is most 

probably caused by the catabolite repression of the 

enzyme. Unlike simple carbon sources, complex carbon 

sources were desired substrates for protease production 

by B. subtilis PTCC 1254.  The obtained result is in 

agreement with previous reported data regarding protease 

production [37-39]. The amount of proteolytic enzyme 

reached to the maximum in the presence of sugarcane 

bagasse. Enzyme activity was enhanced by addition of 2 

(g/l) sugarcane bagasse (82.09 U/ml) when compared to 

a basal medium without sugarcane bagasse (see Table 3). 

A decrease in enzyme production was observed at low 

and high concentrations of sugarcane. The results 

suggested that proper concentration level of sugarcane 

bagasse played a significant role in enhancing the 

production of alkaline protease. Catabolic repression or 

substrate inhibition resulted in repressed enzyme 

production at high substrate concentrations. 

 

3. 6. Effect of Incubation Time       A 50 ml of 

optimized medium was incubated at 37°C (130 rpm) for 

duration of 24, 48, 72 and 96 hours. Figure 4 presents the 

effect of incubation time on protease activity. The 

optimum enzyme production of 81.44 U/ml was observed 

after 48 h; However, numerically, the highest production 

of protease was observed at 72 hours (82.09 U/ml). It 

should be noted that whether increase in fermentation 

time and hence increase in operational cost can be 

compensated by extra enzyme production. According to 

the findings in our experiments, a short fermentation time 

would be more cost effective compare to the extra 

enzyme production. A decrease in enzyme units was 

 

 
TABLE 3. Effect of carbon sources on protease production in 

basal medium containing 0.4% corn bran and supplemented 

with carbon source 

Carbon Sources 
Concentration 

(g/l) 

Enzyme activity 

(U/ml) 

Blank 

Starch 

0 

5 

78 

66.68 

Wheat bran 5 70.53 

Rice bran 5 73.20 

Sugarcane bagasse 1 72.01 

 2 82.09 

 3 79.78 

 4 79.13 

 5 78.66 

Glucose 5 48.41 

Fructose 5 51.79 

Lactose 5 46.75 

Arabinose 5 42.54 
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Figure 4. Effect of incubation time on protease activity 

 
 
observed with increasing incubation time, which could be 

due to hydrolysis of the protease. 

 

3. 7. Effect of Medium Initial pH       In general, the 

morphological and physiological characteristics of an 

organism are affected by pH of culture medium. In 

addition, pH affects many enzymatic processes and the 

Transport of compounds through the cell membrane [40]. 

The effect of initial pH for B. subtilis PTCC 1254 was 

obtained by adjusting the culture medium at different 

initial pH. A 5% (v/v) inoculum was added to the culture 

medium and incubated at 37°C and 130 rpm for 48 hours.  

The protease activity profile at different pH values are 

shown in Figure 5. This strain produced alkaline protease 

enzyme in pH wide range from 5 to 9; maximum protease 

production was found at pH 9 (88.14 U/ml). 

 
3. 8. Effect of Temperature       Temperature is the 

major rolling parameter in growth of microorganism, and 

it regulates the synthesis and excretion of the enzyme 

through changes of the physical properties of the cell 

membrane for extracellular enzymes. One temperature 

can inhibit the growth of microorganisms while another 
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Figure 5. Effect of media pH on production of protease 

temperature can activate it. Therefore, in order to obtain 

an maximum protease production, incubation 

temperature should be controlled as a critical parameter 

[41]. The effect of incubation temperature on proteolytic 

activity was determined by inoculation of 5% inoculum. 

The effect of temperature on the enzyme activity was 

obtained by inoculating 5% inoculum into 50 ml of 

medium at 30, 33, 37, 40 and 45°C for 48 h (Figure 6). 

Maximum protease activity of 88.14 U/ml was found at 

37°C. The reduced enzyme activity at any temperature 

higher than 37°C might be due to enzyme configuration 

changes or degradation at high temperature [40, 42]. 

 

3. 9. Effect of Agitation Speed       Agitation is an 

influential parameter for mass transfer for the oxygen 

requirement of microorganisms. Particularly, to make 

energy for cellular activities, O2 plays the role of a 

terminal electron acceptor for oxidative reactions. It has 

been found that the variation in agitation speed affects the 

intensity of mixing in shake flasks and nutrient 

availability [43]. Protease activity was investigated at the 

agitation speed of 110, 130, 150, 180 and 200 rpm. The 

effect of the agitation speed on the enzyme production is 

depicted in Figure 7. 

Agitation  speed below 150 rpm caused low protease 

activity caused by limitation not maintaining enough 

dissolved oxygen for cell growth. Enzyme activity 

increased with increasing agitation speed, and maximum 

protease activity was found at 150 rpm. However, 

keeping the agitation speed at 200 rpm, the enzyme 

activity (54.82 U/ml) was decreased due to disturbance 

created at high shear forces. Based on cultivation of the 

organism, the desired agitation rate was defined at 150 

rpm. 

 

3. 10. Effect of Inoculum Size       Determining 

inoculum size with regard to microbial fermentation 

processes is important since lag phase is eliminated. 

Increasing in the inoculum size up to 4 v/v% (113.11 

U/ml) at which enzyme activity achieved maximum 
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Figure 6. Effect of temperature on production of protease 
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Figure 7. Effect of Agitation Speed on Production of Protease 

 

 

levels, protease production increased steadily. Thereafter 

(4%), enzyme activity did not change significantly. 

Suitable inoculum size can balance between the biomass 

and available, which improve optimal protease 

production. [44]. 

 

3. 11. Effect of CaCl2 Concentration       CaCl2 was 

used in the composition of the medium to help stabilize 

the protease secreted by B. subtilis PTCC 1254. Addition 

of CaCl2 also enhanced and maintained the enzyme 

activity. Regarding protease activities, CaCl2 showed an 

enhanced effect at a concentration of 1 g/l. 

Concentrations higher than 1 g/L of CaCl2 had an 

inhibitory effect which caused decreased in protease 

activity to 33.05 U/ml. 

 

3. 12. Cell Growth and Protease Production       By 

studying the cell growth of B. subtilis PTTC 1254, it was 

found that in both of medium, the microorganism .showed 

a lag phase of about 4 h. The growth phase was 

exponential until about 18 h, then it entered the stationary 

phase. Protease production almost corresponded with cell 

growth and the maximum value was obtained in the 

stationary phase (Figure 8). The relationship between 

growth and enzyme production with different organisms 

has been reported. Maximum protease production by 

Pseudoalteromonas was achieved at the end of the 

exponential phase. Whereas, maximal alkaline protease 

production with Bacillus sp VE1 occurred during the 

early stationary phase [45]. Comparing the production of 

alkaline protease in basal and optimal medium showed 

that growth trends were quite similar in both media; 

however, the amount of enzyme production extensively 

varied.  Maximum alkaline protease was 29.55 U/ml in 

the basal medium (72 h), while the maximum production 

of enzyme was achieved after 48 h of fermentation 

(117.43 U/ml) which is much shorter incubation time in 

compare to basal medium. 

 
3. 13. Applications of Alkaline Protease from B. 
Subtilis PTCC 1254       The ability of gelatin hydrolysis 

of X-ray film by the protease obtained from B. subtilis 

PTCC 1254 was investigated. As shown in Figure 9, the 

enzyme treatment time increased, the gelatin layer was 

more hydrolyzed and the X-ray films became brighter. 

The turbidity of reaction mixture was gradually increased 

with respect to time. In this way, the turbidity was 0.327, 

0.926, 1.539 and 1.924 after 10, 20, 30 and 40 min, 

respectively. Also, alkaline protease from B. subtilis 

PTCC 1254 was able to remove blood stain from cotton 

fabric (Figure 10). Therefore, the produced protease is 

suitable for the use in detergent and photographic 

industries. 
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Figure 8. Cell growth and protease production in the basal 

medium and optimal medium 
 

 

 

 
Figure 9. Application of B. subtilis PTCC 1254 protease for gelatin hydrolysis of X-ray film, (X-ray film before enzyme treatment 

(A), X-ray film after 10 min (B), 20 min (C), 30 min (D) and 40 min (F) of enzyme treatment) 
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Figure 10. Application of B. subtilis PTCC 1254 protease in removing blood from cotton fabric, ((A) bloody cotton fabric before 

enzyme treatment and (B) cotton fabric after 10 min of enzyme treatment) 
 
 

4. CONCLUSION 

 

The most important factor affecting on wide application 

of alkaline proteases for desired use is enzyme cost. In 

submerged fermentation, a significant part of the total 

production cost of enzymes is related to the cost of 

substrate for the cell growth. Under submerged 

fermentation, the use of organic-based industrial 

wastewater and agricultural waste such as corn bran and 

sugarcane bagasse can reduce the cost of producing 

enzymes. Achievement of high enzyme productivity 

significantly depends on selection of suitable 

fermentation technique and optimization of media 

composition. Malthus and Logistic equations, known as 

unstructured kinetic models, were used to investigate the 

growth kinetics of B. subtilis PTCC 1254. The data were 

relatively well fitted with a regression of 0.94 and 0.97 

for Malthus and Logistic models, respectively. The 

maximum specific growth rate for Malthus and Logistic 

models were 0.187 and 0.377 h-1, respectively. The 

highest level of protease activity was achieved with the 

optimized media composition and culture cultivation 

conditions: industrial starchy wastewater 25% (v/v), 

sugarcane bagasse concentration 2 g/l, corn bran 

concentration 4 g/l, CaCl2 1 g/l, MgSO4.7H2O 0.2 g/l, 

KH2PO4 1 g/l, K2HPO4 0.6 g/l, pH 9, temperature 37°C, 

inoculum concentration 4% v/v, agitation speed 150 rpm 

and fermentation time 48 h. At the optimum condition, 

alkaline protease production by B. subtilis PTCC 1254 

increased from 29.55 to 117.43 U/ml. The selected strain 

showed significant enhancement in protease production 

under optimized conditions. In addition, the protease 

produced by B. subtilis PTCC 1254 successfully removed 

the blood stain from cotton fabric and hydrolyzed the 

gelatin of X-ray film. Thus, the obtained protease found 

having high potential for applications in detergent and 

photographic industries. 
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Persian Abstract 

 چکیده 
 لوسیباس  یهاه یپروتئاز سو  دیتول  ییشوند. در کار حاضر، توانایاستفاده م  یصنعت  یندهایبه طور گسترده در فرآ  یحرارت  یداریباال و پا  pHتحمل    لیبه دل  ییایقل  یپروتئازها

(PTCC 1254 ،PTCC 1156  وPTCC 1715 بررس )سوبتیلیس لوسیباس .شد ی   PTCC 1254ی ک یولوژیبه عنوان عامل ب نیرا نشان داد و بنابرا  کیتی پروتئول ت یفعال نیباالتر  

 ثر . حداکشدندبرازش    یتجرب  یهابا داده  یکه به خوب  ،قرار گرفت  یمورد بررس  کیمالتوس و لجست  یهابا استفاده از مدل  یرشد سلول  کینتیانتخاب شد. س  یورغوطه  ریدر تخم

گراد، یدرجه سانت 37 ی، دما pH 9به این صورت تعریف شد:  نهیکشت به طیبود. شرا بر ساعت 377/0و  187/0 بی به ترت کیمالتوس و لجست یمدل ها یبرا ژهینرخ رشد و

در    مگر  4PO2KH  ،2/0  تریگرم در ل  4HPO2K  ،1 تریگرم در ل  2CaCl  ،6/0  تریگرم در ل  1با  مایه تلقیح  درصد    4و    قهیدور در دق  150سرعت هم زدن  ساعت،    72زمان تخمیر  

به    یاپسماند نشاسته  یحاودرصد وزنی    25  ی . پساب صنعتتروژنی سبوس ذرت به عنوان منابع کربن و ن  تر یگرم در ل  4و    شکریباگاس ن   تری گرم در ل  O2.7H4MgSO  ،2  تریل

آمده قادر به حذف لکه خون از پارچه  دستپروتئاز به   ن،یمچنبه دست آمد. ه  U/ml  43/117  ییایپروتئاز قل   تیحداکثر فعال  نه،یبه  طی استفاده شد. در شرا  یاصل  سوبسترایعنوان  

 .نشان داد  یو عکاس ندهیشو عیدر صنا یابالقوه یپروتئاز کاربردها نیا ن،یبود. بنابرا کسیاشعه ا لمیف  نیژالت  زیدرولیو ه کتان

 
 


