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In this study, effects of medium components and inoculum size on the protease production by Bacillus 

sp. EBTA6 that was isolated from a home-made Tarhana sample were investigated. The cell-free 

supernatant of bacterium cultured on a shaking incubator for 24 h was used to test protease activity 

as the response. With a total number of 11 factors, 12 different experiments were run and the highest 

experimental protease activity was measured as 2280.4 U/mL. Results were analyzed statistically by 

ANOVA and the most efficient factors were detected as yeast extract, dipotassium phosphate, casein, 

and peptone with a contribution of 93.78, 2.19, 1.96, 1.31%, respectively. For validation of the 

selected factors, a further experiment was  performed by using of yeast extract (9.98 g/L), dipotassium 

phosphate (1.27 g/L), casein (8.69 g/L), and peptone (9.88 g/L) obtained from the design equation. 

The experimental response was found as 2411.4 U/mL which was only 5.5% higher than the predicted 

response showing that the model was applicable. 
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Bacillus sp. EBTA6 ile Proteaz Üretimi için Plackett–Burman Dizaynı 

Kullanılarak Besiyeri Bileşenlerinin Taranması ve Seçimi 
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Bu çalışmada, Plackett–Burman Dizaynı kullanılarak ev yapımı bir Tarhanadan izole edilen Bacillus 

sp. EBTA6’nın proteaz üretimine besiyeri bileşenleri ve inokülüm miktarının etkisi araştırılmıştır. 

Yanıt olarak proteaz aktivitesinin belirlenmesi amacıyla çalkalamalı inkübatörde 24 saat geliştirilen 

bakterinin hücresiz süpernatantı kullanılmıştır. Toplam 11 faktör ile 12 farklı deneme 

gerçekleştirilmiş ve en yüksek deneysel proteaz aktivitesi 2280,4 U/mL olarak ölçülmüştür. Sonuçlar 

ANOVA ile istatistiki olarak analiz edilmiş ve en etkili faktörler %93,78; 2,19; 1,96; 1,31 katkı 

oranları ile sırasıyla maya özütü, dipotasyum fosfat, kazein ve pepton olarak tespit edilmiştir. Seçilen 

faktörlerin doğrulanması için dizayn denkleminden elde edilen maya özütü (9,98 g/L), dipotasyum 

fosfat (1,27 g/L), kazein (8,69 g/L) ve pepton (9,88 g/L) ile de bir deneme gerçekleştirilmiştir. 

Deneysel yanıt, tahmin edilen yanıttan yalnızca %5,5 yüksek olup 2411,4 U/mL olarak bulunmuş ve 

modelin uygulanabilir olduğunu göstermiştir. 
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Introduction 

An increasing demand for enzyme industries 
encourages the researchers to seek for more efficient and 
cheaper sources (Kaur et al., 2017). Approximately 60% of 
the total enzyme demand of the global industrial market is 
supplied by proteases (Patil et al., 2018). Proteases (EC 
3.4.21; also called as a proteinase or peptidase) catalyze the 
breakdown of peptide bonds in proteins resulting in smaller 
fragments i.e. peptides and/or amino acids (Rao et al., 
1998). They are widely used in many industries such as 
detergent, food, pharmaceutical, textile, and chemistry for 
the purposes of leather and silk production, peptide 
synthesis, soy-processing, meat tenderization, silver 
recovery from waste X-ray films etc. (Horikoshi, 1999; 
Tari et al., 2006; Si et al., 2018; Limkar et al., 2019). 

Since proteases are physiologically necessary for living 
organisms, they are being found in a wide diversity of 
sources including plants, animals, and microorganisms (Rao 
et al., 1998). Microorganisms are tremendous protease 
production factories owing to their diversity in nature and 
rapid growth (Rao et al., 1998; Si et al., 2018). In addition, 
they require less space for the cultivation, and can be 
manipulated genetically to render desired attributes. Thus, 
microbial proteases have appropriate characteristics for 
being used in the biotechnological applications (Rao et al., 
1998; Gupta et al., 2002). Recent studies have demonstrated 
that proteases have been produced by yeast, molds and 
bacteria including Sporobolomyces roseus (Białkowska et 
al., 2018), Aspergillus sojae (Lim et al., 2019), Aeromonas 
hydrophila (Borhani et al., 2018) and Brevibacterium 
luteolum (Rao et al., 2017). Majority of the industrial 
proteases are obtained from the species of the genus Bacillus 
(Rekik et al., 2019). Various strains have been reported as 
protease producers including Bacillus firmus (Moon and 
Parulekar, 1991), Bacillus subtilis (Kembhavi et al., 1993), 
Bacillus licheniformis (Ferrero et al., 1996), Bacillus 
horikoshii (Joo et al., 2002), Bacillus mojavensis (Beg et al., 
2003), Bacillus cereus (Banik and Prakash, 2004). 

Fermentation parameters such as pH, temperature, and 
inoculum size have a great effect on the protease production 
by microorganisms. Among media components, carbon and 
nitrogen sources are quite effective (Puri et al., 2002) and 
have to be optimized for each microorganism under study. 
Using statistical models to determine the effects of growth 
parameters on enzyme production has become substantially 
widespread. Therefore, the aim of this study is to determine 
the effect of inoculum size and media components including 
carbon and nitrogen sources as well as some minerals for 
protease production by Bacillus sp. EBTA6 using Plackett–
Burman Design.  

 

Materials and Methods 

 

Materials 
Glucose, fructose, starch, yeast extract, peptone from 

meat, ammonium sulfate, magnesium sulfate heptahydrate, 
dipotassium phosphate, L-tyrosine, tris-(hydroxymethyl)-
aminomethane, nutrient agar and nutrient broth were 
purchased from Merck (Darmstadt, Germany). Casein and 
hydrochloric acid were purchased from Sigma-Aldrich 
(Steinheim, Germany). Sucrose was purchased from BDH 
Laboratory Supplies (Poole, England). All chemicals used 
were of analytical grade. 

Microorganism and Cultural Conditions 

The EBTA6 strain was previously isolated from a 

home-made tarhana sample and identified as a member of 

the genus Bacillus based on morphological, biochemical 

and phylogenetic analysis. It was stored in nutrient broth 

containing 50% glycerol at -65°C. The seed culture was 

prepared prepared by activating the strain on a nutrient agar 

plate followed by the incubation in nutrient broth at 33°C 

for 24 h on a shaking incubator (Benchmark, Incu-Shaker 

Mini) at 120 rpm.  

 

Methods 

Plackett-Burman Design 

The Plackett-Burman is an experimental design to 

study the effects of various parameters on a certain 

production which prevents unnecessary repetitions using a 

limited number of experiments. The design allows to study 

in two factorial (i.e. -1 and +1) for “n” variables in “n+1” 

experiments (Karlapudi et al., 2018). 

In this study, Plackett-Burman Design was used to 

screen the effect of eleven different variables (inoculum 

size and medium components) on the protease production 

by Bacillus sp. EBTA6. The variables and their levels are 

given in Table 1. The statistical software package Design 

Expert (v.11, Stat-Ease Inc., Minneapolis, USA) was used 

to conduct the analysis by applying twelve experiments 

given by the model (Table 2). Experiments were performed 

in 100 mL Erlenmeyer flasks containing 30 mL media and 

incubations were carried out at 33°C for 24 h on a shaking 

incubator held at 120 rpm. Then the samples were analyzed 

for protease activities. 

All experiments were conducted in duplicate and the 

average of the two responses obtained from each 

experiment was taken as the result. The effect of each 

factor on enzyme activity was calculated according to 

following equation (Eq. 1): 
 

Ei=
∑pi+-∑pi-

N
     (1) 

 

Ei is the effect of factor i under study; Pi+ and Pi- are the 

responses (protease activity) of the experiment when the 

factor i was at its high (+1) and low (-1) level, respectively, 

and N is the total number of experiments. Analysis of 

variance (ANOVA) was applied to determine the 

significance of the model. A half-normal plot and Pareto 

chart were used to detect the influence of the parameters on 

yield. 

Protease Activity 

Protease activity was determined by using casein as 

substrate with its 1% solution in Tris-HCl buffer, pH 8. The 

enzyme samples were centrifuged at 9000 rpm for 5 min 

(Hettich Universal, 320 R), and then 0.5 mL of supernatant 

was mixed with 1 mL of casein solution. The mixture was 

incubated on a shaking water bath (Wisd, WSB-30) at 60°C 

for 15 minutes and the reaction was ceased by the addition 

of 2 mL trichloroacetic acid (10%). Subsequently, the 

mixture was treated by a centrifuge at 9000 rpm for 5 

minutes to precipitate the proteins and the absorbance values 

of resulting supernatant was measured at 280 nm by using 

UV-VIS spectrophotometer (Shimadzu, UVmini-1240). To 

determine the absorbance values acquired from medium, 
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0.5 mL distilled water was used in place of enzyme 

solution as blank solution and the experiment was achieved 

under the same conditions. Enzyme activity was calculated 

by using the standard curve prepared with tyrosine. One 

unit of protease activity was defined as the amount of the 

enzyme that liberates 1 μmol tyrosine in 1 minute under the 

reaction conditions (Eq. 2). 

 

EA=
X(µmol)×TV (mL)

AOE(mL)×IT(minutes)
×DF   (2) 

 

EA : Enzyme activity 

X : Tyrosine curve factor 

TV : Total volume (mL) 

AOE: Amount of enzyme (mL) 

IT : Incubation time (minutes) 

DF : Dilution factor 

Validation 

For validation of the chosen model, an experiment was 

actualized according to the equation (Eq. 3) given by the 

software which was illustrated in the Results and 

Discussion Section. The equation in terms of optimum 

predicted factors was used to make validation about 

response (enzyme activity) for the high and low levels of 

each factor. The levels were specified in the original units 

for each factor. This equation was not used to determine 

the relative impact of each factor because the coefficients 

were scaled to accommodate the units of each factor. The 

actual response was measured and compared with the 

predicted value. Each experiment was conducted in 

duplicates and the average data was presented. 

 

 

 

Table 1. Different variables and their levels 

RN Variable Name Variable Code -1 (Min. Level) +1 (Max. Level) Unit 

1 Inoculum size In 1 10 % 

2 Glucose Gl 5 20 

g/L 

3 Sucrose Su 5 20 

4 Fructose Fr 5 20 

5 Starch St 5 20 

6 Yeast extract Ye 1 10 

7 Casein Ca 1 10 

8 Peptone Pe 1 10 

9 Ammonium sulphate Am 1 10 

10 Magnesium sulphate Ma 0.1 2 

11 Dipotassium phosphate Di 0.1 2 
RN: Run No 

 

Table 2. The Plackett-Burman experimental design matrix with protease production 

RN In Gl Su Fr St Ye Ca Pe Am Ma Di EPA PPA Error 

1 1 5 5 5 5 1 1 1 1 0.1 0.1 41.5 31.1 10.4 

2 10 5 5 5 20 1 10 10 1 2 2 726.4 736.2 -9.8 

3 10 20 20 5 5 1 10 1 10 2 0.1 277.2 287.1 -9.9 

4 1 20 20 20 5 1 1 10 1 2 2 517.5 527.4 -9.9 

5 10 20 5 20 20 10 1 1 1 2 0.1 1681.9 1691.7 -9.8 

6 10 20 5 5 5 10 1 10 10 0.1 2 2093.7 2083.8 9.9 

7 10 5 20 20 5 10 10 10 1 0.1 0.1 2187 2177.2 9.8 

8 1 5 5 20 5 10 10 1 10 2 2 2280.4 2290.2 -9.8 

9 10 5 20 20 20 1 1 1 10 0.1 2 496.5 486.7 9.8 

10 1 20 20 5 20 10 10 1 1 0.1 2 2223.2 2213.3 9.9 

11 1 20 5 20 20 1 10 10 10 0.1 0.1 601.5 591.7 9.8 

12 1 5 20 5 20 10 1 10 10 2 0.1 2041.2 2051.1 -9.9 
RN: Run No, EPA: Experimental Protease Activity (U/mL), PPA: Predicted Protease Activity (U/mL) 

 

Results and Discussion

Optimization of Medium Components by Plackett-

Burman Design 

In the subject of commercial enzyme industry, 

obtaining inexpensive media components and composing a 

cost-effective medium formulation is a quite important 

issue (Chauhan and Gupta, 2004). The present study 

investigated the effects of 11 different factors (inoculum 

size and 10 different media components) on protease 

activity by running 12 experiments between low (-1) and 

high (+1) levels via Plackett-Burman Design. 

Experimental design matrix with the results (protease 

activity) is shown in Table 2. As can be seen from the table, 

selected media components significantly affected the 

protease activity which varied from 41 to 2280 U/mL. The 

highest activity was obtained in run 8 that was followed by 

the runs 10, 7, 6, 12 and 5. The conditions where higher 

protease activities were detected contained yeast extract at 

maximum level. This inferred that the yeast extract is an 

important factor for the protease production by Bacillus sp. 

EBTA6. On the other hand, the lowest activity (41.5 U/mL) 

was detected in run 1 in which all the nitrogen sources were 

at the minimum level (1 g/L) that demonstrated the 

significance of nitrogen on the protease production. 
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Table 3. Effects and contributions of various factors using ANOVA 

Parameters Effect SS df MS F-Value P-Value C% 

Inoculum size -40.35 4885.71 1 4885.71 - - 0.05 

Glucose -62.91 11873.42 1 11873.42 - - 0.13 

Sucrose 52.97 8419.93 1 8419.93 - - 0.09 

Fructose 60.36 10932.4 1 10932.4 - - 0.12 

Starch 62.31 11648.02 1 11648.02 - - 0.13 

Yeast extract 1641.2 8081000 1 8081000 - - 93.78 

Casein 237.31 168900 1 168900 - - 1.96 

Peptone 194.53 113500 1 113500 - - 1.31 

Ammonium sulphate 68.92 14250.82 1 14250.82 - - 0.16 

Magnesium sulphate -19.74 1169.53 1 1169.53 - - 0.01 

Dipotassium phosphate 251.31 189500 1 189500 - - 2.19 

Pure Error  0 0     

Cor Total  8616000 11     
SS: Sum of Square, MS: Mean Square, C %: Contribution % 

 

Table 4. Effects of various parameters using transformed ANOVA 

Parameters Sum of Squares df Mean Square F-Value P-Value 

Model 8553000000 4 2138000000 236.89 < 0.0001 Significant 

Yeast extract 8081000000 1 8081000000 895.29 < 0.0001 

Casein 168900000 1 168900000 18.72 0.0035 

Peptone 113500000 1 113500000 12.58 0.0094 

Dipotassium phosphate 189500000 1 189500000 20.99 0.0025 

Residual 63180 7 9026   

Cor Total 8616000000 11    

 

Table 5. Solution values on optimization of the protease activity 

Variables Response (Protease activity) 

Yeast extract 

(g/L) 

Casein 

(g/L) 

Peptone 

(g/L) 

Dipotassium 

phosphate (g/L) 

Actual value 

(U/mL) 

Predicted value 

(U/mL) 

Difference 

(%) 

9.98 8.69 9.89 1.27 2411.42 2286.44 5.46 

 

 

In order to observe the effect of each variable on the 

protease activity, the results were analyzed statistically by 

ANOVA (P<0.05) and the most efficient factor was 

determined as yeast extract with a contribution ratio of 

93.78% (Table 3). The other factors effecting the enzyme 

production were dipotassium phosphate (2.19%), casein 

(1.96%), and peptone (1.31%) while the rest of the factors 

were below 1% contribution ratio (Table 3). In general, 

organic nitrogen sources have positive effect on protease 

secretion, because other than nitrogen they also contain 

carbon, minerals and ions which enhance the enzyme 

biosynthesis (Shabbiri et al., 2012). In this study, all the 

organic nitrogen sources improved the protease 

production. However, the effects of casein and peptone 

were substantially low compared with the effect of yeast 

extract. Bacillus sp. NPST-AK15 (Ibrahim et al., 2015) had 

also  produced the highest amount of protease with yeast 

extract as the nitrogen source that is in agreement with the 

current study. On the other hand, effect of ammonium 

sulfate on the protease production was insignificant (0.16% 

contribution). 

Glucose, fructose, sucrose and starch were tested as 

carbon sources and it has been observed that they do not 

have significant effects on the protease production.  This 

has probably stemmed from the catabolite repression 

mechanism in which peptides and amino acids can be 

supplied as both carbon and nitrogen sources. In addition, 

the cells could have high energy status in the presence of 

sugars that causes the repression of protease synthesis. It 

was reported that the catabolite control protein (CcpA) 

which regulates mechanisms of glucose catabolism may 

also behave as a repression signal in protease synthesis 

(Sharma et al., 2017). Among oligo elements, dipotassium 

phosphate (1.270 g/L) had the most intense influence on 

the protease production. This finding is in agreement with 

Hammami et al. (2018) who found that 0.5 g/L of 

dipotassium phosphate had the greatest effect on the 

production of alkaline proteases by Bacillus mojavensis. 

Half-normal probability plot (Figure 1) shows that 

eight of the eleven tested parameters had a positive effect 

on protease yield while three variables had a negative 

effect which were inoculum size, glucose, and magnesium 

sulfate. Calculations were also presented as half-normal 

probability plot of the effects which represents the 

normally distributed effects (Figure 1) (Ghosh and 

Mukherji, 2018). The factors that lie along the line are 

negligible and the rest of the factors that are not on the line  

represent significant factors (Sudar et al., 2013). Thus, 

yeast extract, dipotassium phosphate, casein, and peptone 

are determined as significant factors on the protease 

production. 

For further confirmation of the results, an ANOVA was 

applied to the selected factors to differentiate them as 

significant and insignificant. P-values less than 0.05 indicate 

that the model terms are significant, and the values greater 

than 0.05 indicate that the model terms are insignificant 
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(Sudar et al., 2013). To obtain P and F-values, the least 

significant factors including inoculum size, glucose, sucrose, 

fructose, starch, ammonium sulfate, and magnesium sulfate 

were ignored which were determined based on half-normal 

probability plot. Because they were selected as error terms 

and cannot be included in the model. The transformed 

ANOVA data is shown in Table 4. P values less than 0.05 

indicate significant model terms and in this case, all the four 

selected model terms are significant. While yeast extract is 

the most significant valuable (P<0.001), dipotassium 

phosphate, casein, and peptone follows it up, respectively. 

The model F-value of 236.89 implies the model is 

significant. The predicted R² of 0.9784 is in reasonable 

agreement with the adjusted R² of 0.9885; i.e. the difference 

was less than 0.2. The deduced equation for the protease 

production by Bacillus sp. EBTA6 regarding the model is as 

follows: 

 

EA = A + (B × YE) + (D × C) + ( E × P) + (F × DP) (3) 

 

Where, the units of the factors are as g/L. 

EA = Enzyme activity (U/mL) 

A = -141.78184 

B = 182.35556 

D = 26.36790 

E = 21.61481 

F = 132.26901 

YE = Yeast extract 

C = Casein 

P = Peptone 

DP = Dipotassium phosphate 

 

Validation of the Model 
The model equation obtained was validated 

experimentally by optimizing the most significant 

parameters. Figure 2 shows Pareto chart of the effects in 

which the factors above t-value limit are the significant 

parameters selected to run the solution. The solution 

obtained which had the maximum protease activity has 

chosen for validation. The parameters with actual and 

predicted responses (protease activities) related to selected 

solution are presented in Table 5. Yeast extract (9.98 g/L), 

casein (8.69 g/L), peptone (9.89 g/L), and dipotassium 

phosphate (1.27 g/L) were optimum parameters and 

maximum theoretical (predicted) activity was 2286.44 

U/mL. Actual (experimental) response was measured as 

2411.42 U/mL which was very close to predicted value. 

Thus, this result validates the model with a coherence with 

the predicted and actual values. 

 

Conclusion 
 

Plackett–Burman Design was used to determine 11 

selected factors including inoculum size, carbon sources 

(glucose, fructose, sucrose, starch), nitrogen sources 

(casein, peptone, yeast extract, ammonium sulfate) and 

some inorganic substances (dipotassium phosphate, 

magnesium sulfate) on the secretion of protease by Bacillus 

sp. EBTA6. Media composition has substantially effected 

the protease production, especially yeast extract was 

determined as the most significant factor. Dipotassium 

phosphate, casein, and peptone had also effected the 

protease production positively. However, carbon sources, 

inorganic nitrogen source (ammonium sulfate) and 

inoculum size did not have any contribution. An equation 

was developed regarding the significant factors and it fitted 

well with the experiments. Validation test resulted in 5.5% 

difference between the predicted value (2286.4 U/mL) and 

experimental value (2411.4 U/mL). 

 

 
Figure 1. Half-normal probability plot of the factors on 

the protease production  
(Ca: casein, Di: dipotassium phosphate, Pe: peptone, Ye: yeast extract) 

 

 

 

 
Figure 2. Pareto chart of the effects  

(Ca: casein, Di: dipotassium phosphate, Pe: peptone, Ye: yeast extract) 
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