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ABSTRACT 

Production of protease employing the laboratory isolates of Bacillus sps. under solid state 

fermentation and its kinetic study were the aims of the present study. With the optimized conditions of 

incubation time 24 hrs, temperature 300C, moisture content 40% w/v, inoculum  level of 0.8 w/w, and with 

substrate concentration of 10 g and pH 8.0, glucose  concentration 2.0% w/w, the kinetic parameters µmax 

(0.026 hr-1), yield coefficient Yx/s (0.18) and cell doubling time td (20 min) was determined. 
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INTRODUCTION 

Proteases also known as peptidyl-peptide hydrolysis constitute 60-65% of the global 

enzyme market1-3. The applications of proteases include, in the detergent, food, leather and 

meat tenderization industries. Proteases are also important tools in studying the structure of 

proteins and peptides. Besides that, they are also used in pharmaceuticals, medical diagnosis, 

and decomposition of gelatin on X-ray films as well as in textiles4-6. Protease can be 

produced by several micro-organisms, however, only microbes that produce a substantial 

amount of extra cellular protease have been exploited commercially. The major proportion 

of the commercial alkaline protease is derived from Bacillus sp.4,7-9. The reason for this is 

their wide temperature, pH tolerance and stability2. 

The current estimated value of the worldwide sales of industrial enzymes is $1 



936 D. U. Priyanka et al.: Critical Studies on Kinetic Parameters…. 

billion of the industrial enzymes; 75% are hydrolytic. Proteases represent one of the three 

largest groups of industrial enzymes and account for about 60% of the total worldwide sale 

of enzymes10. Proteases execute a large variety of functions, extending from the cellular 

level to the organ and organism level, to produce cascade systems such as haemostasis and 

inflammation. They are responsible for the complex processes involved in the normal 

physiology of the cell as well as in abnormal pathophysiological conditions. Their 

involvement in the life cycle of disease-causing organisms has let them to become a potential 

target for developing therapeutic agents against fatal diseases such as cancer and AIDS11.  

Proteases have a long history of application in the food and detergent industries. Their 

application in the leather industry for dehairing and bating of hides to substitute currently 

used toxic chemicals is a relatively new development and has conferred added 

biotechnological importance12. The vast diversity of proteases, in contrast to the specificity 

of their action, attracted worldwide attention in terms of attempts to exploit their 

physiological and biotechnological applications. 

Production of proteases includes several micro-organisms and a variety of substrates. 

In the present work, papaya peel has been selected as a substrate, which is cheap and 

commonly available. The main reason in the selection of papaya peel is that it has 57% 

proteolytic activity13. For the commercial exploitation and for the extensive industrial 

evaluation, it was desirable to optimize the production on large scale using inexpensive 

media. 

EXPERIMENTAL 

Materials and methods 

Organism:  Bacillus subtilis (NCIM 2724). 

Growth medium  

Nutrient agar medium: The selected  species  of  organism were  obtained  from  

NCIM – Pune  and  are  maintained on nutrient agar medium at  300C for 24 hrs and 

preserved by sub-culturing every 4 weeks. 

Substrate used:  Papaya peel. 

Chemicals used:  Glycine, NaOH, Casein, TCA, Tyrosine, FC reagent. 

Instruments used: Digital weighing machine, Autoclave, Laminar air flow chamber, 

Incubator, UV-VIS spectrophotometer. 



Int. J. Chem. Sci.: 8(2), 2010 937 

Inoculum preparation  

The production of proteases requires the preparation of inoculum. Culture was 

scraped and washed from the slant culture with 10 mL sterile water and 2 mL of this 

inoculum was  added  to each 250 mL flasks containing  production medium. 

Solid state fermentation 

10 g of substrate was taken in 250 mL Erlenmeyer conical flasks and to this, 4 mL of 

water was added. The contents were mixed thoroughly and autoclaved at 1210C for 15 min. 

After cooling the flasks to room temperature, the flasks were inoculated with 2 mL of 24 hrs 

grown culture strain under sterile conditions. The inoculum was prepared by adding sterile 

distilled water to a 24 hrs old slant. The contents were mixed thoroughly and incubated in a 

slanting position to provide maximum surface area at 300C temperature. 

Enzyme extraction 

After incubation period, the enzyme was extracted according to the method 

described by Nagamine et al.14 50 mL of 0.2 M glycine – NaOH buffer at pH 10 was added 

and was kept for shaking in an orbital shaker for 30 min. Then the mixture was filtered using 

a Whattmann No. 1 filter paper. The extracts were collected and then centrifuged. The 

supernatant was used as enzyme source for protease. 

Enzyme assay 

Alkaline protease activity was estimated by the modified Auson – Hagihara 

Method14. 1.0 mL of the enzyme solution was added to 6.0 mL of casein (0.6 g of casein 

mixed in 100 mL of 0.2 M NaOH-glycine buffer) and the mixture was incubated at 370C for 

10 min. Then 6.0 mL of TCA (Trichloroacetic acid) was added and then incubated for 30 

min at room temperature. The mixture was centrifuged for 10 min and the 2 mL of Folin-

Ciocalteaue reagent was added to the 1 mL of the supernatant taken and then incubated for 

30 min at room temperature. Then the absorbance was read at 660 nm. 

RESULTS AND DISCUSSION 

Construction of standard graph for tyrosine 

Stock solution: It was prepared by dissolving 100 mg of tyrosine in 100 mL of 

distilled water. 

Working solution: To 5 mL of stock solution, 50 mL of distilled water was added. 
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Procedure 

Into a series of test tubes, 0.1 mL, 0.2 mL, 0.4 mL, 0.6 mL, 0.8 mL, 1.0 mL of 

standard solution of tyrosine was taken and the volume was made up to 1 mL using distilled 

water. Into each tube, 5 mL of Na2CO3 and 1 mL of F.C. reagent were added and incubated 

for 30 min at room temperature. Then the absorbance was read at 660 nm. The standard 

graph was  constructed  by  taking  the  concentration  of  tyrosine  on X-axis and the O.D 

values  on  Y-axis (Fig. 1). 
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Fig. 1: Standard graph for tyrosine 

Effect of kinetic parameters 

The effects of maximum specific growth rate, yield factor and doubling time were 

studied. 

Effect of maximum specific growth rate (µmax) 

The specific growth rate was investigated for the selected Bacillus species and it was 

noticed that with increase in time of fermentation, there is a decrease in substrate 

concentration and increase in biomass concentration. The maximum specific growth rate 

was calculated by taking the reciprocal values of specific growth rate and substrate 

consumption. The maximum specific growth rate for Bacillus subtilis was 0.026 hr-1.  

Results are shown in Fig. 2 as done by Ekram – ul – Haq and Muktar15. 
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Fig. 2: Effect of specific growth rate 

Effect of the yield factor of cell mass (Yx/s) 

The yield factor (Yx/s) is a ratio of amount of biomass formed per amount of 

substrate consumed. The yield factor investigated on the selected Bacillus species was 0.18 

mg/mL. This was determined by the plot between rx/x vs . rs/x. The slope of the graph gives 

yield factor. 2 hrs of incubation time interval was selected for determining the yield factor 

(Yx/s) for the Bacillus species (Fig. 3). Results are based on the work by Ekram–ul – Haq and 

Muktar15. 
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Fig. 3: Effect of yield factor (Yx/s) 



940 D. U. Priyanka et al.: Critical Studies on Kinetic Parameters…. 

Effect of cell doubling time 

The time required for the microbial mass to double is called doubling time. The cell 

doubling time was investigated on the selected Bacillus species. It was determined during 

the exponential growth of the microbe, characterized by a straight line on a semi-log graph 

of ln x vs. time. The cell doubling time for the selected Bacillus species is 20 min. The 

results are shown in the Fig. 4. 
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Fig. 4:  Effect of doubling time 

CONCLUSIONS 

The growth kinetic parameters for bacillus subtilis using monod kinetics for the 

production of protease was studied. The specific growth rate (µmax), yield factor Yx/s and the 

doubling time for Bacillus subtilis was found to be 0.026 hr-1, 0.18 mg/mL and 20 min, 

respectively. It was observed that even after 24 hrs, the biomass and also the production of 

the enzyme remained constant, which indicates that the organism has already reached the   

stationary phase and even after sometime, there was a decrease in the biomass, which   

indicates that the organism has reached the death / decline phase. From the obtained results, 

it has been concluded that 24 hours was the optimized time for the production of protease by 

bacillus subtilis. 
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