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Abstract 

An alkaline protease-producing microorganism was isolated from a soil sample which is 
collected from Cukurova University campus and identified as a strain of Bacillus subtilis. The culture 
conditions were optimized for maximum enzyme production. Optimum enzyme production was achieved 
from fermentation medium which includes 1% waste bread and 1% casein powder as carbon and 
nitrogen source at pH 10.5 and 37°C for 72 h incubation period with agitation of 200 rpm. The optimum 
inoculum amount and inoculum age were found as 5% and 4 hrs, respectively. Enzyme production 
reached its maximum value when a baffled Erlenmeyer flask with cotton was used. The approximately 
20-fold increase in alkaline protease production was observed as a result of culture medium optimization. 
Substantial increase in alkaline protease activity was detected in optimized medium (134.64 U/mL) 
when compared with unoptimized medium (6.45 U/mL). It has been concluded that screening of suitable 
medium components has asignificant role in the production of alkaline protease by B. subtilis. 
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1.  Introduction 

In Turkey, about 11 million tons of wheat is annually processed into flour, of which 
10 million tons are used for bread production and the remaining is used for the production of 
other bakery products in the secondary cereal sector. Baking industry has the greatest waste 
production in the secondary cereal sector which is about 2 to 5% of the total production. 
This waste is attributed to the return of unsold bread and flaw in production (e.g. over 
fermentation, overbaking and substandard bread loaves with low volume or unacceptable 
shape). The waste increases during overproduction in a short time. It has been reported that 
the number of bakeries receiving bread returns was 50% in 2008 and increased to 61% in 
2012. This was attributed to competition due to the opening of new bakeries. Another factor 
which adds to increase in bread waste is the thought that the indicator of the freshness of 
bread is its softness (OZER [1]). In Turkey, annual bread waste has been estimated to be 2.1 
billion loaves which are worth of 1.546 billion TL. Waste bread has been used in preparation 
of other meals, to feed the street dogs or returned to the manufacturer. It is obvious that 
converting stale/waste bread into value-added products through biotechnological processes 
will substantially contribute to the economy. Stale/waste bread with its starch, nitrogenous 
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matter, lipids and mineral matter content is a very suitable growth media for microorganisms, 
and its use as the cheap substrate is expected to reduce the production costs of biotechnological 
processes. It is estimated that 30-40% of production costs of enzymes comes from the growth 
medium. Therefore, it is crucial to use cheap materials in the preparation of growth medium 
for large scale fermentations (STANBURY and WHITAKER [2]; POONAM and PANDEY 
[3]). Wheat bran and waste pigeon peas were used as a substrate in order to lower the 
production costs of enzymes (HUTADILOK-TOWATANA & al. [4]; SELLAMI-KAMOUN & 
al. [5]). However, no research has been conducted on the use of waste bread for this purpose. 
Proteases catalyze the hydrolysis of proteins to peptides and amino acids (KUMAR [6]). Proteases, 
also known as peptidyl-peptide hydrolases, are important industrial enzymes constituting 
approximately 60% of all enzyme sales. They have diverse applications in a wide variety of 
industries, including detergents, food, pharmaceutical, leather, silk, diagnostic and also they are 
used for recovering silver from used X-ray films (SELLAMI-KAMOUN & al. [5]; REDDY & al. 
[7]). Employment of these enzymes as detergent additives stimulated their commercial spread. 
Various commercial detergent proteases such as Subtilisin Carlsberg, Subtilisin BPN', Alcalase, 
Esperase, and Savinase are available in the market. These enzymes are stable in the presence 
of various detergents components and are active at washing temperature and pH conditions. 
The use of proteases has expanded to household laundry, automatic dishwashers, and industrial 
cleaning. Laundry detergents remove protein stains such as grass, blood, food, human sweat, 
etc. via proteolysis. Parameters such as pH of detergent, ionic strength, wash temperature, 
detergent composition, bleach systems and mechanical handling influences the performance 
of proteases. Hence, the enzymes should be stable when used in detergents (BEG and GUPTA 
[8]). Alkaline proteases are produced by a wide range of organisms, including bacteria, yeasts, 
molds and mammalian tissues. Currently, a large proportion of commercially available alkaline 
proteases is derived from Bacillus species (REDDY & al. [7]). Alkaline proteases produced 
by thermophilic and alkaliphilic bacilli can withstand high temperatures, pH, chemical denaturing 
agents and non-aqueous environments (JOHNVESLY and NAIK [9]). 

Bacteria belonging to Bacillus sp. are by far the most significant source of various 
commercial microbial enzymes. They can be cultivated to give rise such products that are 
stable within a wide range of harsh environments. Bacillus is a rod-shaped, gram positive, 
spore-forming, aerobic, usually catalase positive, chemoorganotrophic bacterium. Alkaliphilic 
Bacillus is found mostly in alkaline environments such as soda soils, soda lakes, neutral 
environments and deep-sea sediments. Animal manure, man-made alkaline environments 
such as effluents from food, textile, tannery, potato processing units, paper manufacturing 
units, calcium carbonate kilns and detergent industry are also good sources (AKBALIK [10]). 
Currently, the overall cost of enzyme production is very high due to the high cost of 
substrates and mediums used. Therefore, development of novel processes which will lower 
the production cost is necessary. Since the industrial use of proteases, particularly the alkaline 
proteases are expected to grow tremendously in future, microbial proteases producing 
industries are always in search of new and cheaper methods. To achieve these goals, during 
the recent years, efforts have been directed to explore the means to reduce the protease 
production costs through improving the yield, and the use of either cost-free or low-cost feed 
stocks or agricultural byproducts as a substrate for protease production. Therefore, waste 
bread can be used as a substrate for production of alkaline protease as it is composed of high 
levels of carbohydrates (starch, dextrin, sugars), nitrogenous matter, minerals, lipids. The aim 
of this study is to produce value added products such as alkaline protease from stale/waste 
bread using Bacillus spp. which was isolated from a soil sample. 
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2.  Materials and Methods 
2.1 Isolation and Identification of Bacillus spp. 
The microorganism which used in this study was isolated from a soil sample that is 

collected from the campus of Cukurova University. 5 g of soil was suspended in 50 mL of 
sterile saline water (0.9% NaCl) and incubated at 85°C for 10 min. 100 µL of this suspension 
was spread on a nutrient agar plate and was incubated at 37°C for 24 h. Stock culture was 
maintained on nutrient agar slant and glycerol stock at -86°C (JOSHI [11]). The identification 
of strain was confirmed by applying widespread microbiological methods (Gram staining, 
catalase reaction, endospore-forming and cell morphology), biochemical characterization 
(VITEK-II Compact (bioMerieux) Identification System) and molecular techniques (16S rRNA 
gene sequence analysis). VITEK-II system is an identification method containing 63 different 
biochemical tests. Genomic DNA from the selected Bacillus spp. was isolated. The amplification 
of 16S rRNA gene of selected isolate was carried out using polymerase chain reaction 
(PCR) by forward and reverse oligonucleotide primers by IONTEK (Iontek Pharmaceutical 
Diagnostic and Biotechnology Products Research Development Industry and Trade Co., Ltd.). 
Similarity analysis of the nucleotides was performed by BLAST searches against sequences 
available GenBank. A phylogenetic tree was generated using the neighbor-joining method. 
The sequence has been deposited in the GenBank database. 

2.2. Screening for Amylolytic and Proteolytic Activity on Agar Plate 
Amylase positive microorganisms capable of using high starch containing waste bread 

as a raw material were selected among isolated microorganisms. From these amylase positive 
microorganisms, those producing highest alkaline protease isolate was selected. Individual bacterial 
colonies were screened for amylolytic enzyme production on M-9 agar medium containing 
Na2HPO4 6 g, KH2PO4 3 g, NaCl 0.5 g, MgSO4 0.24 g, CaCl2 0.01 g, peptone 3 g, 1% (w/v) 
soluble starch (Merck), and agar 15 g. The pH of the medium was adjusted to 9.0 with 0.2 N NaOH 
before sterilization at 121°C for 15 minute. The inoculated plates were incubated at 37°C for 
24-48 h. Amylase production was detected after flooding the plates with iodine solution 
(BURHAN & al. [12]). The purified bacterial cultures were screened for alkaline protease 
production on skimmed milk agar medium containing peptone 0.1%, NaCl 0.5%, agar 2% and 
skimmed milk 1%, pH10.0. The inoculated plates were incubated 37°C for 24-48 h. The alkaline 
protease production was confirmed by the formation of clear zones around the colonies. The organism 
with maximum zone was further analyzed (QUADAR& al. [13]; KRISHNAVENI & al. [14]). 

2.3. Determination of Growth Graph with Cultural Counting Method 
The kinetic of growth was followed for 10 hours. Bacterial culture was incubated 

overnight in 20 mL of Nutrient Broth at 37°C. 10 mL of this culture was inoculated into 90 mL of 
main medium containing 1% waste bread powder and was shaken with 150 rpm at 37°C. 
The growth amount was calculated by counting the number of viable cells for each hour during 
growth by a serial dilution plating technique using plate count skimmed milk agar plate. 

2.4. Production of Alkaline Protease 
In order to begin the alkaline protease production, bacterial culture was prepared 

overnight by cultivating the strain in Nutrient Broth. Subsequently, bacterial culture was 
inoculated into 100 mL of pre-production medium (10% of the total volume is bacterial 
culture) containing 1% waste bread powder and was shaken with 150 rpm at 37°C for 4 h 
(21 x 108 CFU/mL). After this process, bacterial culture was inoculated again into 200 mL of 
enzyme production medium (main medium) which is identical with pre-production medium 
(10% of the total volume is bacterial culture). Incubation in the shaker was carried out at 37°C 
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for 72 h with 150 rpm. After 72 hours of incubation, the cells were harvested by 
centrifugation at 10.725 g for 10 minutes and the supernatant was used as an enzyme source 
for estimation of alkaline protease activity.  

2.5. Assay of protease activity 
Alkaline protease activity was assayed by the modified method of Genckal and Tari 

(GENCKAL and TARI [15]). According to this procedure, 0.5 mL of enzyme solution was 
mixed with 2.5 mL of glycine: NaCl:NaOH (50 mM, pH 10.5) buffer containing 0.6% casein. 
After incubation for 20 min at 30°C, 2.5 mL TCA solution (0.11 M trichloroacetic acid, 0.22 M 
sodium acetate, and 0.33 M acetic acid) was added to stop the reaction. The mixture was 
further incubated at 30°C for 30 min and then the entire mixture was centrifuged at 10.725 g 
for 5 min. 0.5 mL of the supernatant was mixed with 2.5 mL of 0.5 M Na2CO3 and 0.5 mL of 
twofold-diluted Folin-Ciocalteu’s phenol solution and kept for 30 min at room temperature. 
The enzyme activity was determined with respect to the sample blanks at 660 nm using 
UV-1800 Shimadzu Spectrophotometer (GENCKAL and TARI [15]). Results were compared 
with a standard curve which was prepared with tyrosine. One unit of enzyme activity was 
defined as the amount of the enzyme resulting in the release of 1 µg of tyrosine per min at 
30°C under the Standard assay conditions. All assays were done in triplicates. 

2.6. Optimization of Medium Components 
All parameters; incubation time, carbon sources, nitrogen sources, pH range, temperature 

range, agitation speed, inoculum amount, inoculum ages, amounts of waste bread and 
different flask used are factors that affect the microorganism growth in liquid medium. 
A decrease and or an increase in bacterial growth will affect the activity of enzymes that 
bacteria produce as a product. Therefore, it was decided to investigate these parameters. 
Culture conditions were optimized for maximum alkaline protease production. Enzyme 
production medium containing 1% waste bread powder was used as a control medium. 

2.6.1. Effect of incubation time: Different incubation times (12, 24, 36, 48, 60, 72) 
for the protease production were tested. The culture supernatants were collected at each 12 hrs 
period till 72 hrs (12-24-36-48-60-72 hours) and were assayed. 

2.6.2. Effect of carbon sources: Different carbon sources such as sucrose, maltose, 
starch, lactose, maltose, dextrose and fructose syrup, galactose, glucose, and CMC (carboxymethyl 
cellulose) were studied at different time intervals (12-24-36-48-60-72 hours). These sources 
were studied at 1% (by mass per volume) initial concentrations. 

2.6.3. Effect of nitrogen sources: The effect of nitrogen sources on protease production 
was determined by using organic (gelatin, meat extract, yeast extract, meat peptone, malt, 
casein hydrolysate, soy peptone, casein) and inorganic (sodium nitrate, ammonium nitrate, 
ammonium chloride, ammonium sulfate) nitrogen sources. Their effect was observed at 
different time intervals (12-24-36-48-60-72 hours). All these sources were studied at 1% 
(by mass per volume) initial concentrations. 

2.6.4. Effect of pH: Effect of initial pH on protease activity was investigated for the 
pH values: 6.5, 7.0, 8.5, 9.0, 9.5, 10.0, 10.5, 11.0, 11.5, 12.0, 12.5, at different time intervals 
(12-24-36-48-60-72 hours). 

2.6.5. Effect of temperature: Effect of temperature (25°C, 30°C, 37°C, 40°C, 45°C, 
50°C and 55°C) on the growth of Bacillus subtilis were investigated at different time intervals 
(12-24-36-48-60-72 hours). 

2.6.6. Effect of agitation speed: Different agitation speeds (100-150-200-250 rpm) 
were observed for maximum enzyme production at different time intervals (12-24-36-
48-60-72 hours). 
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2.6.7. Effect of inoculum amount: Effect of various inoculum amounts such as 1%, 
2.5%, 5%, 10% and 20% added into the production media were investigated. They were 
examined at different time intervals (12-24-36-48-60-72 hours). 

2.6.8. Effect of inoculum age: Bacillus subtilis was inoculated from pre-production 
medium to production medium after 1-2-4-6-8-10-12 hours. Their effect on protease 
production was analyzed at different time intervals (12-24-36-48-60-72 hours). 

2.6.9. Effect of waste bread powder amount: The effect of various waste bread 
powder amounts such as 1%, 1.5%, 2%, 2.5% and 3% in the production media was investigated. 
They were examined at different time intervals (12-24-36-48-60-72 hours). 

2.6.10. Effect of different production flasks: Effect of the different production flasks 
such as a normal bottle, normal bottle with filter, normal Erlenmeyer flask with cotton, baffled 
Erlenmeyer flask with cotton, baffled Erlenmeyer flask were tested for enzyme production. 

2.7. Statistical analysis 
SPSS 20.0 software for Windows (SPSS Inc., Chicago, IL, USA) was used for 

analyzing variance (ANOVA) and Duncan’s multiple comparison tests in order to determine 
the significance of differences between the parameters. 

 
3.  Results and Conclusions 

3.1. Identification of Bacillus subtilis 
The isolate was found to be aerobic, motile, Gram-positive, spore forming, rod shaped 

and catalase positive. The bacterial isolate was identified as Bacillus subtilis by biochemical 
characterization and by 16S rRNA gene sequence analysis. When compared with available 
sequences in the NCBI database, the 16S rRNA partial gene sequence of this isolate, showed 
99% sequence similarity with the published 16S rRNA gene sequences of Bacillus subtilis 
(gb|FJ573171.1), Bacillus subtilis (gb|KC182059.1), Bacillus subtilis (gb|EU982508.1) (Figure 1). 

 

 
Figure 1. Dendogram showing the phylogenetic relationship between Bacillus subtilis strain  

with other Bacillus spp. Based on 16S rRNA gene sequences 
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3.2. Screening of amylase activity in M-9 starch agar plate 
Maximum amylase production of 69 isolates were investigated. It was observed to 

the present of the clear zone of hydrolysis around each bacterial colony due to the hydrolysis 
of starch by the amylolytic enzyme. With this primary screening, 18 potential amylase 
producing isolates from 69 strains were selected. Among those, Bacillus subtilis showed 
maximum amylase productivity. Thus, it was selected for further studies. The result matches 
well with the previous work exist in the literature, confirming the existence of amylase 
activity in agar plate (ARIKAN [16]; LIU and XU [17]; ASGHER & al. [18]; SAXENA & al. 
[19]). Similar observations have been reported for Bacillus sp. ANT-6 (BURHAN & al. [12]) 
and Bacillus sp.YX-1 (LIU and XU [17]). 

3.3. Screening of alkaline protease activity in skim milk agar plate  
Out of 49 isolated bacteria, 20 were found to be positive for alkaline protease 

production on skimmed milk agar medium. Bacillus subtilis exhibited a large zone of hydrolysis 
and was selected for the optimization of  alkaline protease production conditions. The result is 
parallel with the previous work done in the literature, confirming the existence of alkaline 
protease activity in agar plate (KRISHNAVENI & al. [14]; ABBASI-HOSSEINI & al. [20]; 
D’COSTA & al. [21]; HASSAN & al. [22]; JELLOULI & al. [23]; SEIFZADEH & al. [24]. 
Similar findings were also reported for Bacillus licheniformis MP1 (JELLOULI & al. [23]), 
Bacillus cereus CS1 (D’COSTA & al. [21]), Bacillus subtilis WB600 (ABBASI-HOSSEINI 
& al. [20]) that clear zone of skimmed-milk hydrolysis for alkaline protease production. 

3.4. Growth kinetic 
The study on growth kinetic of Bacillus subtilis in the main medium (1% waste bread 

powder) indicated that the lag phase of the organism was maintained 1 h and the log phase up 
to 4 h, which was then followed by stationary phase (Figure 2). The growth amount of the 
organism was 21 × 108 CFU/mL for 4 h. 

 

 
Figure 2. Graph of growth of Bacillus subtilis 

 
Figure 3. Alkaline protease production of Bacillus 

subtilis at different incubation time 
 

3.5. Optimization of alkaline protease production 
The secretion of proteases is strongly dependent on growth media, and the factors are 

influencing optimum production to vary for different strains. Therefore, it is important to 
determine the most convenient medium and culture parameters in order to maximize the growth 
for better yieldings of protease (PILLAI & al. [25]). 

3.5.1. Effect of incubation time 
Enzyme production medium containing 1% waste bread powder was proved to be 

the best for protease production from Bacillus subtilis. Results showed that protease 
production increased with incubation time. Maximum alkaline protease activity was observed 
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as 6.45 U/mL after 60 h of growth, where it reached stationary phase. A prolonged incubation 
time beyond this period did not increase enzyme yield (Figure 3). Role of incubation time has 
with various Bacillus genus has been studied in recently published studies. Our results are in 
accordance with observations made by Joshi (2010), Patel et al. (2005) and Prakasham et. al. 
(2006), (JOSHI [11]; PATEL & al. [26]; PRAKASHAM & al. [27]). Maximum protease 
production was observed at times between 60-64 hrs for Bacillus firmus TAP5 (JOSHI [11], 
Bacillus sp., Ve1 (PATEL & al. [26]) and Bacillus sp. (PRAKASHAM & al. [27]). Different 
incubation time has also been reported by Krishnaveni et al. (2012) and Genckal and Tari 
(2006). Krishnaveni et al. found 48 h in Bacillus subtilis RMK (KRISHNAVENI & al. [14]) 
and whereas Genckal and Tari found 96 h in Bacillus sp. I18, L18 and L21 (GENCKAL & al. 
[15] to produce alkaline protease for maximum alkaline protease production. 

3.5.2. Effect of carbon source 
Carbon sources are paramount nutrients for enzyme production. In order to study the 

effect of carbon sources on the production of alkaline protease, growth was carried out in an 
enzyme production medium (1% waste bread powder) containing either no additional carbon 
sources (control) or sucrose, maltose, starch, lactose, maltose, dextrose and fructose syrup, 
galactose, glucose, and CMC. Results showed that different carbon sources have different 
impact on enzyme production. Bacillus subtilis produced maximum alkaline protease in the 
presence of waste bread powder only (6.06 U/mL) followed by sucrose (5.92 U/mL), starch 
(4.79 U/mL), glucose (3.67 U/mL), lactose (3.26 U/mL), maltose (3.13 U/mL), maltose, 
dextrose and fructose syrup (2.93 U/mL) and CMC (1.12 U/mL) as shown in Figure 4. On the 
other hand, galactose completely inhibited production of alkaline protease. The results 
indicated that carbohydrate in bread composition was at the optimal amount for the protease 
production. Therefore, protease production did not require any additional supplementation 
of co-carbon. This further reduces the production costs. Results indicate that different 
carbon sources have a different effect on the production of alkaline protease by Bacillus subtilis.  

 

 
Figure 4. Role of different carbon source on alkaline protease production. Line over bars  

with different small letters indicates samples which are significantly different (P<0.05), except CMC 
 

Results show that Bacillus subtilis does not have the ability to tolerate galactose, although, in 
earlier investigations, galactose was used as carbon source for alkaline protease production by 
B. licheniformis N-2 (NADEEM & al. [28]) and alkalophilic Bacillus sp. (PRAKASHAM & al. 
[27]). Parallel to our findings, Mukherjee et al. (2008) described the inhibition of the alkaline 
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protease production from Bacillus subtilis DM-04 in the presence of galactose, sucrose and 
lactose (MUKHERJEE & al. [29]). The Bacillus sp. produced maximum alkaline protease 
in the presence of starch; however, our study shows that alkaline protease production is 
moderately inhibited when starch is supplied as a carbon source to the medium (CHAUHAN 
and GUPTA [30]). In this study, alkaline protease production was moderately inhibited by 
glucose, starch, and lactose. These were similar to the results observed in Bacillus sp. for 
glucose and starch (PRAKASHAM & al. [27]) and Bacillus sp. I-312 for lactose (JOO and 
CHANG [31]). Maltose produced a moderate decrease in protease yields of approximately 
50%. In contrast to this result, Prakasham et al. (2006) reported that maltose was stimulated 
the alkaline protease production in Bacillus sp. (PRAKASHAM & al. [27]). 

3.5.3. Effect of nitrogen source 
In microorganisms, nitrogen (both organic and inorganic) is metabolized to produce 

primarily amino acids, nucleic acids, proteins and cell wall components. Alkaline protease 
production heavily depends on the availability of both carbon and nitrogen sources in the 
medium. Both sources have regulatory effects on the enzyme synthesis (PATEL & al. [26]). 
Among the used nitrogen sources, maximum enzyme activity (62.19 U/mL) was obtained in 
the medium which includes casein (Figure 5). Moderate level of enzyme activity was detected 
in the medium containing sodium nitrate (14.08 U/mL). Waste bread powder (control) (6.06 U/mL) 
and gelatin (6.06 U/mL) were poorest organic nitrogen sources for alkaline protease 
production. On the other hand, the enzyme activity decreased dramatically when using malt 
(3.52 U/mL), ammonium nitrate (1.39 U/mL), ammonium chloride (1.61 U/mL), ammonium 
sulphate (1.12 U/mL), soy peptone (2.93 U/mL), meat extract (2.10 U/mL) and yeast extract 
(1.37 U/mL). In another case, protease production was repressed in the presence of 
meat peptone and casein hydrolysate. Therefore it can be concluded that casein demonstrated 
to be the best nitrogen source which acted as an inducer for alkaline protease production. 

 

 
Figure 5. Role of different nitrogen source on alkaline protease production. Line over bars with different small 

letters indicates samples which are significantly different (P<0.05) except malt and ammonium chloride 
 

The Bacillus subtilis produced a high amount of protease when casein used as nitrogen source. 
Also, sodium nitrate seems to be good nitrogen source for alkaline protease production, while 
other ammonium compounds inhibited enzyme production. Our results supported the previous 
works showing the preference of Bacillus sp. for casein, ammonium compounds and sodium 



Optimization of culture conditions for alkaline protease production  from waste breads using Bacillus subtilis  

Romanian Biotechnological Letters, Vol. 22, No. 3, 2017  12605 

nitrate (JOHNVESLY and NAIK [9]; PRAKASHAM & al. [27]; NADEEM & al. [28]; 
MUKHERJEE & al. [29]). In this study, peptone was significantly inhibited to alkaline 
protease production in Bacillus subtilis. However, Patel et al., Prakasham et al., Krishnaveni 
et al., and Mukherjee et al., reported the enhancement of protease production in Bacillus sp. 
and Bacillus subtilis by organic nitrogen sources like peptone (KRISHNAVENI & al. [14]; 
PATEL & al. [26]; PRAKASHAM & al. [27]; MUKHERJEE & al. [29]). Yeast extract inhibited 
the alkaline protease production by Bacillus subtilis. In earlier investigations, similar effects 
were reported by Patel et al. (2005) and Krishnaveni et al. (2012) (KRISHNAVENI & al. [14]; 
PATEL & al. [26]). However, yeast extract showed a maximum effect in the enhancement of 
enzyme production in Bacillus sp. (PRAKASHAM & al. [27]) and in Bacillus licheniformis 
(NADEEM & al. [28]). 

3.5.4. Effect of pH 
Alkaline protease production by microbial strains strongly depends on the extracellular 

pH, because culture pH strongly influences many enzymatic processes and transport of 
various components across the cell membranes, which in turn support the cell growth and 
product production (PRAKASHAM & al. [27]). Bacillus subtilis was cultured in mediums 
having different initial pHs. It was able to grow over a wide range of pH 6.5-12.0 (Figure 6), 
and it requires an alkaline pH of 9.0-11.0 for growth and enzyme production. Maximum 
production of the enzyme was observed at pH 10.5 (65.6 U/mL). Similar effects of pH on the 
production of protease were also observed by Genckal and Tari (2006), Banerjee et al. (1999) 
and Shikha et al. (2007) (GENCKAL and TARI [15]; BANERJEE & al. [32]; SHIKHA & al. 
[33]). However, protease did not produce above the pH 12.0. Maximum protease production 
by Bacillus brevis, Bacillus pantotheneticus and Bacillus sp. L18 were at pH 10.5, 10 and 10, 
respectively. (GENCKAL and TARI [15]; BANERJEE & al. [32]; SHIKHA & al. [33]). 
However, Prakasham & al. (2006), Patel & al. (2005) and Krishnaveni & al. (2005) reported 
that the maximum protease production of Bacillus sp., Bacillus sp. Ve1 and Bacillus subtilis 
were optimal at pH 9.0 (KRISHNAVENI & al. [14]; PATEL & al. [26]; PRAKASHAM & al. 
[27]). Alkaline protease production figure at different pH values proved that (Figure 6) 
Bacillus subtilis has a wide pH range. Bacillus subtilis seemed to be stable against pH 
changes with respect to protease activity. Similar results were reported for Bacillus sp. L21 by 
Genckal and Tari (2006), (GENCKAL and TARI [15]). 

 

 
Figure 6. Alkaline protease production of Bacillus subtilis at different pH. Line over bars  

with different small letters indicates samples which are significantly different (P<0.05) 
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3.5.5. Effect of temperature 
The optimum growth temperature for protease production by Bacillus subtilis was 

found to be 37°C (65.61 U/mL). Alkaline protease production was almost same at 25°C 
(57.88 U/mL) and 30°C (58.18 U/mL) during 72 hrs. Above 40°C (63.41 U/mL), production 
of alkaline protease was observed to drop to 54.51 U/mL and 51.53 U/mL (at 45°C and at 
50°C respectively). At 55°C (32.66 U/mL) there was more than 40% loss in the enzyme 
activity (Figure 7). The maximum production of alkaline protease activity by Bacillus 
subtiliswas obtained at 37°C whereas at 55°C, it produced half of the enzyme activity (Figure 7). 
Our results well match with those previously reported for other Bacillus-derived alkaline 
protease. Thus, Bacillus subtilis was in agreement with the literature (GENCKAL and TARI 
[15]; CHAUHAN and GUPTA [30]; BANERJEE & al. [32]). On the other hand, the optimum 
growth temperature for alkaline protease production by Bacillus sp. I32 (JOO and CHANG 
[31]), Bacillus pantotheneticus (SHIKHA & al. [33]) and Bacillus subtilis (KRISHNAVENI 
& al. [14]) were found to be 32°C, 30°C, 45°C, respectively. 

 

 
Figure 7. Alkaline protease production of Bacillus subtilis at adifferent temperature. Line over bars  

with different small letters indicates samples which are significantly different (P<0.05) 
 

3.5.6. Effect of agitation speed 
It was determined that 200 rpm is the optimum agitation speed for Bacilus subtilis. 

The result showed that values were very close to each other at 150 (63.26 U/mL), 200b 
(64.09 U/mL) and 250 (62.48 U/mL) rpm. It was observed that at 200 rpm considerable amount of 
alkaline protease was produced (Figure 8). Similar results have been reported for Bacillus brevis 

 

 
Figure 8. Alkaline protease production of Bacillus subtilis at different agitation speed. Line over bars 

with different small letters indicates samples which are significantly different (P<0.05) 
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(BANERJEE & al. [32]), Bacillus mojavensis A21 (HADDARb & al. [34]) and Bacillus sp. RKY3 
(REDDY & al. [7]). However, Genckal and Tari (2006) reported that the maximum protease 
production of Bacillus sp.I18, Bacillus sp. L18 and Bacillus sp. L21 were obtained at agitation 
speeds of 100 rpm and 180 rpm (GENCKAL and TARI [15]). Optimum agitation speed for 
alkaline protease by Bacillus sp. RGR-14 was at 250 rpm (CHAUHAN and GUPTA [30]). 

In the literature, most of the agitations speed used for this type of strains were between 
180-250 rpm. It is seen that our results support these findings (REDDY & al. [7]; GENCKAL 
and TARI [15]; CHAUHAN and GUPTA [30]; BANERJEE & al. [32]; HADDAR & al. [34]; 
YANG & al. [35]). 

3.5.7. Effect of inoculum amount 
The inoculum amount plays a crucial role in enzyme production. Thus this parameter 

should be given a particular examination. Effect of the inoculum amounts was examined at 
different time intervals. In this study, 5% of inoculum amount (73.14 U/mL) was found to be 
suitable for optimum alkaline protease production by Bacillus subtilis (Figure 9). Results 
showed that values were very close to each other at 1% (68.84 U/mL), 2.5% (67.08 U/mL), 
10% (64.09 U/mL) and 20% (70.50 U/mL). Parallel to our result, the optimum inoculum 
amount was determined as 5% for Bacillus sp. I18, Bacillus sp. L18 and Bacillus sp. L21 by 
Genckal and Tari, (2006) (GENCKAL and TARI [15]). Different inoculum amount has also 
been reported by Chauhan and Gupta (2004); 2% in Bacillus sp. RGR-14 to produce alkaline 
protease for maximum protease production (CHAUHAN and GUPTA [30]). An inoculum 
amount of 2-5% was found to be an optimum value for Bacillus strains in the literature, which 
supports our results (GENCKAL and TARI [15]; CHAUHAN and GUPTA[30]). 

 

 
Figure 9. Alkaline protease production of Bacillus subtilis at different inoculum amount. Line over bars 

with different small letters indicates samples which are significantly different (P<0.05) 
 

3.5.8. Effect of inoculum age 
The inoculum age is one of the significant parameters for optimization of the medium 

components. In this study, 4 hours (73.14 U/mL) was found to be optimum inoculum age 
for the production of protease (Figure 10). However, Chauhan and Gupta (2004), produced 
the enzyme by using 3 h old inoculum (CHAUHAN and GUPTA [30]). 

3.5.9. Effect of waste bread powder amount 
Enzyme production medium containing 1%, 1.5%, 2%, 2.5% and 3% waste bread 

powder were incubated for 72 h at 37°C. The maximum alkaline protease activity (73.14 U/mL) 
yielded in the enzyme production medium including 1% waste bread powder (Figure 11). 
A further increase in substrate level caused a gradual decrease in enzyme yield. 
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Figure 10. Alkaline protease production of Bacillus subtilis at different inoculum age. Line over bars 

with different small letters indicates samples which are significantly different (P<0.05) 
 

 
Figure 11. Role of different waste bread powder amount on alkaline protease production. Line over bars 

with different small letters indicates samples which are significantly different (P<0.05) 
 

3.5.10. Effect of different production flasks 
Maximum enzyme production was obtained when using baffled Erlenmeyer flask with 

cotton (134.64 U/mL). The production of alkaline protease in baffled Erlenmeyer flask with cotton 
was found to be approximately 2 times more than the other production flasks (Figure 12). This 
indicates that the four bottom baffles interrupt the circular flow to create a turbulent flow. The gas 
exchange surface of the liquid was increased so that the oxygen intake can be increased. 

 

 
Figure 12. Role of different production flasks on alkaline protease production. Line over bars 

with different small letters indicates samples which are significantly different (P<0.05) 
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4.  Conclusion 

Before the optimization of medium components, protease activity was determined as 
6.45 U/mL at 72 h, but after the optimization, maximum protease activity was 134.64 U/mL 
after 72 h of incubation under optimal conditions. The difference between the culture 
conditions optimized for maximum alkaline protease activity was determined to be statistically 
significant (P<0.05) (Fig. 4, 5, 6, 7, 8, 9, 10, 11 and 12). But for CMC, ammonium chloride 
and malt parameters, this difference was found to be statistically insignificant, P>0.05 (Fig. 4 
and 5). It has been concluded that the screening of suitable medium components plays a major 
role in the production of alkaline protease by B. subtilis. B. subtilis used in this study could 
utilize waste bread as low-cost waste residue for alkaline protease production. The presence 
of waste bread powder and casein in the growth medium has an inducible effect on enzyme 
production. 
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