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Abstract
Alkaline proteases are well known to be significant industrial enzymes. This study focused on isolating the fungus producing 
proteases from, a typical Ethiopian food, Injera. Further, the process optimization for protease production using response sur-
face methodology (RSM) and the characterization of the acquired protease were investigated. The 18S rDNA gene sequence 
homology of the fungus isolate revealed that it was Aspergillus sp. Further, it was deposited in NCBI GenBank with accession 
number MK4262821. Using the isolate, owing to maximize the protease production, the independent process parameters, 
temperature, pH, and sucrose concentration were optimized using RSM followed by a genetic algorithm (GA). Based on 
the statistical approach by RSM-GA optimization, maximum enzyme activity (166.4221 U/ml) was found at 30.5 °C, pH 
8.24, and 0.316% sucrose concentration. Also, the crude cocktail of enzymes acquired from optimal condition was partially 
purified using ammonium which showed that the increased activity by 1.96-fold. Considerably, the partially purified enzyme 
exhibited stable performance during the temperature range 30–60 °C, pH range 7–10, and NaCl concentration of 0.5–2 mM. 
Also, the antioxidant activity, degree hydrolysis for the protein, Michaelis–Menten (M–M) kinetic parameters, and activation 
energy were determined for the obtained enzyme cocktail. It showed that the M–M kinetic parameters, Km (5.54 mg/ml), 
and Vmax (24.44 mg/ml min) values were observed. Using Arrhenius law, the value of activation energy for the enzyme 
cocktail was determined as 32.42 kJ/mol.

Introduction

Nowadays, the applications of proteases in production 
industries have become markedly increasing. Proteases 
(EC: 3.4.21–24 and 99; peptidyl peptide hydrolases) 
are enzymes that catalyze the cleavage of the peptide 
bond in proteins (CO–NH), liberating small chains of 
amino acids called peptides [1]. Proteases are commonly 
obtained from diversified sources such as plants, animals, 
and microorganisms. Microbial proteases are among the 

most important hydrolytic enzymes that have been studied 
extensively due to their fast growth, economical advan-
tage, and the possibility of genetic manipulation [2]. Alka-
line protease accounts for at least 25% of the total world-
wide sales of enzymes, of which two-thirds of proteases 
produced commercially are of microbial origin [3]. They 
have a long history of applications in different industries, 
such as waste management, silver recovery, detergent, 
dairy, baking, textile, leather, and pharmaceuticals [4]. 
Fungi proteolytic enzyme is isolated from several natural 
and artificial environmental sources, and they are so far 
the most important group of enzymes produced commer-
cially because they can produce a high amount of protease 
that have various applications and also the downstream 
processing is easy [2, 5]. As protease is gaining impor-
tance for its technical and economic advantages in various 
industries, finding and developing an optimized process 
for the production of protease enzyme will add signifi-
cant potential advantage in the bioprocessing industries. 
Thus, this research validates the need to explore native 
fungal isolate screened from a decaying Injera, Ethiopian 
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traditional food, as a source for isolation of fungal pro-
teases enzyme. The influence of sucrose concentration, 
temperature, and pH on the production of protease was 
determined via submerged fermentation and the variables 
have been optimized through response surface methodol-
ogy (RSM). Response surface methodology (RSM) is a 
proven and effective tool for sequential analysis to study 
process modeling and optimization. It gives sufficient 
information to test the interaction effects among the pro-
cess variables with a reasonable number of experiments 
[6–8]. Additionally, it uses mathematical and analytical 
means to identify interrelationships between numerical 
input variables to obtain their optimum values [8]. Pro-
teolytic activity was determined against temperature, pH, 
and NaCl concentration, since numerous biotechnological 
applications of proteases necessitate salt stability thermal 
resistance and stability at alkaline pH.

Materials and Methods

Materials and Chemicals

Unless specified otherwise, all fine chemicals and media 
components were obtained from HiMedia Laboratories Pri-
vate Limited (Addis Ababa, Ethiopia) and Merck (Addis 
Ababa, Ethiopia), and were of analytical reagent grade. 
Sucrose was sourced from Sigma Chemical (St. Louis, MO).

Isolation and Identification of Protease‑Producing 
Fungus

With some modification to the method of Chauhan et al. [9], 
different fungi were isolated from rotting or decaying Injera. 
A fresh Injera was prepared and kept open at room tempera-
ture for 5 days to produce a moldy decaying Injera. Moldy 
samples were collected from the surface of the decaying 
Injera and the dilution plate method was used to grow fungi 
on potato dextrose media. Serially diluted samples were 
plated on potato dextrose agar media and the petri dishes 
were kept at 30 °C in an incubator for 5 days until mycelial 
growth was observed. The grown fungi were microscopically 
identified using the lactophenol cotton blue staining method. 
Identification of fungal species was carried out using availa-
ble reports and reference microscopic slides [9]. Further, the 
isolated fungi were screened for their proteolytic activities. 
Protease-producing fungi were identified by the presence of 
a clear zone in the skimmed milk agar around the colonies 
[10]. Skimmed milk agar (SMA) media containing casein 
was also used for screening purposes. The fungi showing the 
presence of a clear zone around the colony were considered 

as a positive for further characterization of protease enzyme 
source. The fungal colony from the largest zone of clearance 
was selected for further studies.

Molecular Identification of Fungi

A pure fungus isolate that had a high ability to hydrolyze 
casein in the skimmed milk agar (SMA) plate was identi-
fied via 18S rRNA gene sequencing [11]. For this purpose, 
mycelia were collected and centrifuged at 4000 rpm for 
15 min at 4 °C. Further, the DNA was extracted using 
the protocol given by the manufacturer of the GeneJET 
Genomic DNA Purification Kit. The purified DNA was 
subjected to PCR amplification using a pair of 5′-TCC​
GTA​ GGT​GAA​CCT​GCG​G-3′ and 5′-TCC​TCC​GCT​TAT​
TGA​TAT​GC-3′ forward and reverse primers for 18S rRNA 
gene amplification and sequencing [12]. The sequence 
data were investigated in the GenBank database using the 
BLAST program available in the National Center for Bio-
technology Information. The obtained unknown sequence 
was compared to all of the sequences available in the 
database to assess DNA similarities. Then, the nucleo-
tide sequence of the isolated fungus was submitted to the 
GenBank and obtained accession number, MK4262821.

Inoculum Preparation and Determination of Central 
Level

With some modification to the existing method given 
by Chimbekujwo et al. and Anandan et al. [13, 14], the 
inoculum was prepared by scattering the spores from a 
7-day-old cold fungal slant culture in 0.1% Tween 80 solu-
tion with a sterile inoculation loop in aseptic condition. 
The suspension was adjusted with sterile distilled water 
until the optical density at 530 nm was 1.5–1.6 and it is 
labeled as the seed culture. Before proceeding with Central 
Composite Design (CCD), one-variable-at-a-time (OVAT) 
experiments were carried out to know the central level of 
the three parameters (sucrose concentration, temperature, 
and pH), which were used to study the interaction effect. 
All OVAT experiments were conducted in triplicates and 
their mean values were assessed. Based on this, the inde-
pendent sequence of protease production was carried out 
by adjusting to the initial pH 7 and varying sucrose con-
centration while keeping fixed level of temperature. Simi-
larly, OVAT experiments were applied to determine the 
central level of other parameters. The parameters were set 
in the range of 0.1 to 0.6% (w/v) for sucrose concentration, 
5–10 for initial pH value, and 25–50 °C for temperature. 
Then, protease production was done by adding 2 ml of 
the seed culture in 200 ml Erlenmeyer flask containing 
100 ml of sterilized medium containing (0.5 g casein, 
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0.05 g yeast extract, 1 g K2HPO4, 0.2 g MgSO4.7H2O, 
0.25 NaCl, 0.05 g peptone, and 100 ml distilled water) 
[15]. Finally, after mixing, it was gently shaken at 30 °C 
and 200 rpm in a shaking incubator for 3 days [16]. The 
culture medium was centrifuged at 5000 rpm for 20 min 
at 4 °C to remove the fungal mycelia and medium debris 
present. The supernatant was collected as a crude enzyme 
solution and was used to estimate the protease activity.

Proteases Enzyme Assay

Protease activity was measured using casein digestion 
method of Keay and Bernard S. Wildi [17]. Adopting this 
method, 1 ml of culture supernatant, which was pre-incu-
bated at 30 °C for 2 min, further, was mixed with 1 ml of 1% 
(w/v) casein in 0.1 M phosphate buffer (pH 7). The reaction 
was incubated for 10 min at 30 °C and it was terminated by 
the addition of 2 ml of 0.4 M trichloroacetic (TCA) acid. 
Then the solution was incubated for 10 min at room tem-
perature followed by centrifugation at 5000 rpm at 4 °C for 
10 min to remove any insoluble from the samples. The filtra-
tion of 1 mL of the samples was mixed with 5.0 ml of 0.4 M 
Na2CO3 and for best results; 1 mL of Folin’s reagent (1 ml 
of Folin reagent mixed with 2 ml of distilled water) was 
added immediately afterward. Sodium carbonate was added 
to regulate any pH drop created by the addition of the Folin’s 
reagent. The tubes were allowed to stand for 20 min at 30 °C 
and then the absorbance was measured at 660 nm in UV–Vis 
Spectrophotometer. The same procedure was used to prepare 
the blank; however, 1 ml of 1% (w/v) casein was added only 
after the reaction was stopped. One unit of protease activity 
was defined as the amount of enzyme that released 1 μg of 
amino acid equivalent to tyrosine per min under the assay 
conditions.

Protease Production Based on Central Composite 
Design Experiments

To investigate the interaction effect of temperature, pH, 
and sucrose concentration on the production of the protease 
enzyme, the experiment design was decided using the cen-
tral composite design (CCD) method. Temperature, pH, and 
sucrose concentrations were studied at five levels with six 
replicates at a midpoint with a total of twenty experimental 
runs. A second-order polynomial equation was applied for 

the analysis of protease enzyme activity and the data were 
fitted in the equation by multiple regression procedure. The 
model equation (Eq. 1) was used to generate the counterplot:

where Y (protease activity U/ml) is the predicted response 
and A, B, and C are the temperature, pH, and sucrose con-
centrations, respectively. β0 is an intercept; β1, β2, and β3 are 
linear coefficients; β11, β22, and β33 are squared coefficients; 
and β12, β13, and β23 are interaction coefficients [18]. Table 1 
shows the levels of the three independent variables studied. 
The levels of the variables were set based on the informa-
tion obtained from the earlier OVAT characterization study.

The Statistical Analysis

ANOVA (analysis of variance) was used to estimate the 
statistical parameters. The optimum values of the selected 
variables were obtained by solving the regression equa-
tion and by analyzing the response surface contour plots. 
The plotting of the response surface was performed using 
Design-Expert 7.0 software.

Validation of the Model

The validity of the chosen quadratic model, predicted by 
the point prediction feature of Design-Expert 7 software, 
was confirmed experimentally [6]. The experiments were 
run in triplicate.

Partial Purification of the Crude Enzyme

Protein precipitation was done by salting out using ammo-
nium sulfate fractionation with uniform and gentle stirring. 
The crude enzyme was saturated up to 40–80% ammonium 
sulfate, which was added slowly under continuous stirring 
at 4 °C. The precipitated protein was separated by centrifu-
gation at 5000 rpm and 4 °C for 15 min. The resultant pel-
lets were dissolved in 0.5 M potassium phosphate buffer, 
which was then dialyzed for 24 h at 4 °C in a refrigerator 
to remove excess salt. This was followed by centrifugation 

(1)

Y = �0 + �1A + �2B + �3C + �11A
2
+ �22B

2

+ �33C
2
+ �12AB + �13AC + �23BC,

Table 1   Levels of the three 
independent variables studied

Variables Factor coding Unit 1 (high level)  − 1 (low level)  − α  + α

Temperature A °C 27 33 24.95462 35.04538
pH B – 6 10 4.636414 11.36359
Sucrose concentration C % (w/v) 0.2 0.4 0.131821 0.468179
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of the resulting solution at 5000 rpm and 4 °C and the 
supernatant was tested for protease activity [19].

Characterization of Partially Purified Protease

By assaying the enzyme at different pH values, the activ-
ity and stability of protease were examined. The buffers 
used were phosphate (pH 5.0–8.0), glycine–NaOH (pH 
8.5–10.5), and NaHCO3–NaOH (pH 9.6–12); the concen-
tration of glycine–NaOH was 0.1 M, which was within 
0.5 differences using 1% casein as substrate. The opti-
mal temperature of the enzyme activity and stability was 
investigated by following the protease assay method as 
described by Keay and Wildi [17], using 1% casein (w/v) 
as a substrate in 0.5 M phosphate at pH 8. The experiment 
was conducted by incubating the reaction mixture at tem-
peratures ranging from 30 to 80 °C with 10 °C interval. 
The temperature stability of the enzyme was determined 
by measuring the residual activities by following the modi-
fied procedure of Pant et al. [20]. The enzyme was appro-
priately diluted with 0.5 M phosphate (pH 8) and then 
the aliquot was incubated at temperatures ranging from 
45 to 65 °C for 1 h in the incubator. The ionic strength of 
the alkaline protease was determined by adding 0–3 m M 

(within 0.5 mM interval) of NaCl to the reaction mixture 
and then by carrying out a standard protease assay. As per the 
procedure described by Phrommao et al. [21], the stability of 
protease in the different concentrations of NaCl was exam-
ined by preparing 0–3 mM NaCl (within 0.5 mM intervals).

Determination of Antioxidant Activity and Degree 
Hydrolysis

The antioxidant activity of the observed enzymes was deter-
mined using 2,2-diphenyl-1-picrylhydrazyl (DPPH) with the 
radical scavenging method as described by Bougatef et al. 
[22]. A volume of 50 μL of the proteases was mixed with 
50 μL of 99.5% ethanol and 30 μl of 0.02% DPPH in 99.5% 
ethanol. The mixture was kept at room temperature in the 
dark for 60 min. The reduction of the DPPH was measured 
at 540 nm using a microplate reader (Diatek Instruments, 

DR-200BModel). The DPPH radical scavenging activity was 
determined using Eq. 2:

The degree of hydrolysis of the proteases was calculated 
as described by Adler-Nissen [23]. Mixtures of 0.5 mL of 
diluted proteolytic enzymes and 0.250 mL of 0.01% (w/v) 
2,4,6-trinitrobenzene sulfonic acid (TNBSA) in 0.1  M 
sodium bicarbonate pH 8.5 were incubated for 30 min at 
37 °C. A volume of 200 μl of each mixture was taken and 
the absorbance measured at 415 nm using a microplate 
reader (Diatek Instruments, DR-200B Model). The degree 
of hydrolysis (DH) value can be calculated using Eq. 3:

where p is the number of hydrolyzed peptide bonds and ptot 
is the total number of peptide bonds per protein equivalent 
(the value of ptot for casein and gelatin are 8.2 and 11.1, 
respectively). The P-value can be calculated as the relation-
ship given below (Eq. 4):

where [cysteine-NH2]—milliequivalents of cysteine amine 
groups per gram of protein (Eq. 5):

where X is the weight of protein sample (g), V is the volume 
reaction solution (L), and f is the dilution factor. For casein, 
α = 1.039 and β = 0.383. For gelatin, α = 0.796 and β = 0.457, 
can be considered [24].

Michaelis–Menten (M–M) Kinetics

Owing to its significant commercial applications, it is impor-
tant to investigate the kinetic characterization of observed 
enzymes. Determination of kinetic parameters, Km, and 
Vmax provides a clear picture for designing enzymatic reac-
tors [24, 25]. To investigate the kinetic parameters, a known 
concentration of enzyme (1 mL) was added with different 
concentrations of casein [0, 2, 4, 8, and 10 (mg/mL)] as sub-
strate. The reaction mixture was incubated at predetermined 
conditions (pH 8 using 1% w/v in 50 mM Tris–HCl buffer 
and 45 °C). Protease activities were measured as described 
earlier. Km and Vmax values were calculated using Eq. 6:

(2)Radical ScavengingActivity (%) =
Control Abs540nm − Sample Abs540nm

Control Abs540nm
× 100%.

(3)DH(%) =
p

ptot
× 100,

(4)p =

[

Cysteine − NH2

]

− �

�
,

(5)Cysteine − NH2

(

m.eqv

g

)

= X × V × f ×

(

SampleAbs415 nm − BlankAbs415 nm
)

(

StandardAbs415 nm − BlankAbs415 nm
) × 0.82

(m.eqv

L

)

,
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where V is reaction rate and S is substrate concentration.
Based on the Lineweaver–Burk (L–B) plot, the graph 

of [1/V] vs [1/S] was being made to determine Km and 
Vmax [24, 25].

Determination of Activation Energy

The value of activation energy (Ea) for the proteases pro-
duced by Aspergillus sp. was determined by incubating 
enzymes with 1% casein at different temperatures ranging 
from 30 to 50 °C [25, 26]. Arrhenius Law (Eq. 7) was used 
to determine the value of Ea from the slope of the plot of 
[1/T] vs [ln (protease activity)], where Ea = − slope × R. 

(6)V =
Vmax[S]

Km + [S]
,

R (Gas constant) = 8.314 (J/Kmol), and T refers absolute 
temperature (K) [25, 26]

Results

Screening Based on the Proteolytic Activity of Fungi

Screening of the four fungi isolates showed a positive result 
on SMA. The zone of clearance (mm) of each isolated fun-
gus is given in Table 2. Strain coded S-1 was selected for 
further study to produce protease by submerged fermenta-
tion due to the maximum capacity of hydrolyzing the casein 
present in the SMA (Fig. S1).

Molecular Identification of the Fungus

The 18S rRNA sequencing data revealed that the strain was 
Aspergillus species. Its sequence was deposited in the Gen-
Bank database with accession number MK426282 and coded 
as SVP03.

(7)ln(Protease Activity) = ln(A) −
Ea

R
×

1

T
.

Table 2   Screening of fungi 
isolates for protease production 
from rotten injera

Isolated fungi Zone of 
clearance 
(mm)

S-1 53
S-2 40
S-3 31
S-4 23

Table 3   Experimental runs 
of the CCD study using three 
independent variables showing 
observed and predicted values 
of protease production

Run Factor 1
A: Tempera-
ture (°C)

Factor 2
B: pH scale

Factor 3
C: Sucrose concen-
tration (%w/v)

Protease enzyme activity
(U/ml)

Observed result Predicted value

1 30 8 0.3 156.67 164.74
2 27 6 0.4 73.65 77.28
3 35 8 0.3 103.05 96.87
4 33 10 0.4 111.98 115.95
5 30 8 0.3 166.04 164.74
6 30 8 0.46 133.31 129.13
7 30 4.6 0.3 77.18 71.41
8 27 10 0.4 89.67 89.55
9 30 8 0.13 113.62 110.47
10 27 6 0.2 69.35 70.57
11 30 8 0.3 166.84 164.74
12 27 10 0.2 77.943 79.37
13 30 11.36 0.3 95.50 93.94
14 30 8 0.3 169.75 164.74
15 30 8 0.3 167.86 164.74
16 30 8 0.3 160.04 164.74
17 25 8 0.3 62.91 61.75
18 33 6 0.2 80.63 85.94
19 33 6 0.4 94.19 97.95
20 33 10 0.2 98.9 100.46
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Response Investigation and Interpretation Study

The combined effect of the parameters was studied at an 
incubation time of 3 days with 200 rpm shaking speed in 
the shaker incubator. The experiment was conducted using 
CCD, and the experimental and predicted results for enzyme 
activity are given in Table 3.

Statistical Analysis

Table 4 lists other statistics used to compare models. The 
statistical summary for each model is given in Table 4. A 
quadratic model in comparison to a cubic model is suggested 
because it has a higher value of adjusted R2 and predicted 
R2 and the cubic model is aliased. Table 5 shows the out-
comes of the second-order response surface model fitting 

in the form of ANOVA. The lack-of-fit of the model is not 
significant with an F-value of 1.41 and Prob > F of 0.3582 
indicates the experimental data were accurately fitted by 

the model. Moreover, the goodness-of-fit of the model was 
tested by analyzing the coefficients R2, Adj R2, and Pred R2.

In this case, R2 is 0.9888, which indicates a high cor-
relation between the experimental and predicted values and 
demonstrates that only 1.12% of the total variation was not 
explained by the fitted model. The Pred R2 of 0.94 is in rea-
sonable agreement with the Adj R2 of 0.97. The obtained 
ratio of 26.244 indicates an adequate signal. The coefficient 
of variation is 4.89%. Table 6 shows the P-value and F-value 
of the variables included in each model. Values of Prob. > F 
less than 0.05 indicates model terms are significant. The 
regression model prepared to predict the production of pro-
tease enzyme (enzyme activity) by the isolate Aspergillus sp. 
is given in Eq. 8 in terms of coded values. The second-order 
polynomial model was used to express the enzyme activity 
(Y) as a function of independent variables.

Interaction Study

A three-dimensional (3D) response surface curve was 
plotted to understand the interaction effect of the three 

(8)EnzymeActivity(Y) = + 146.74 + 10.44 × A + 6.7 × B + 5.55 × C + 1.43 × A

× B + 1.33 × A × C + 0.87 × B × C − 30.2 × A2 − 29.02 × B2 − 15.89 × C2...

Table 4   A statistical summary 
for each model

Source Std. Dev R-squared Adjusted R-squared Predicted R-squared PRESS

Linear 39.51 0.0917  − 0.0786  − 0.2564 34,497.66
2F1 43.80 0.0931  − 0.3255  − 1.4845 68,315.94
Quadratic 5.55 0.9888 0.9787 0.9433 1557.81 (Suggested)
Cubic 6.62 0.9904 0.9698  − 0.0869 29,886.17 (Aliased)

Table 5   The outcomes of the 
second-order response surface 
model fitting in the form of 
ANOVA

R2 = 0.98, Adj R2 = 0.97, Pred R2 = 0.94, Adeq Precision = 26.244, CV % = 4.89

Source of variations Sum of squares Degree of 
freedom

Mean square F-value P-value
Prob. > F

Model 27,188.60 9 3020.96 98.08  < 0.0001 Significant
Residual 308.00 10 30.80
Lack-of-fit 180.11 5 36.02 1.41 0.3582 Not significant
Pure error 127.89 5 25.58
Total 27,496.60 19

Table 6   Analysis of variance

A, temperature; B, pH; C, sucrose concentration

Response Statistics Factors

A B C A2 B2 C2 AB AC BC

Enzyme Activity F-value 48.34 19.90 13.65 426.86 393.94 118.94 16.38 14.08 6.03
P-Value  < 0.0001 0.0012 0.0041  < 0.0001  < 0.0001  < 0.0001 0.4826 0.5143 0.6675
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components required for maximizing the yield of protease 
enzyme production. The response surfaces obtained were 
convex, signifying that there were distinct optimum operat-
ing situations. Figure 1a shows the effect of temperature 
and pH on the production of protease. It was observed that 
the production of protease was increased on increasing both 
temperature and pH, and high activity was noted at the pick 
point. The peak point of the activity was declined on fur-
ther increasing temperature and pH. However, as shown in 
Fig. 1a, the red color indicates the optimum range for both 
of them for protease production.

Figure 1b shows the effect of temperature and sucrose 
concentration on the mean pH level. As shown in the figure, 
the maximum enzyme activity was obtained at the midpoint 
of the design factors, whereas at the extreme point of inter-
action low level of enzyme activity was recorded. Figure 2c 
shows the response surface plot with the interaction effect 
of pH and sucrose concentration at fixing the temperature 
on its midpoint. For both factors, as we go from the lower 
level to the midpoint, an increase in the enzyme activity was 
observed, and maximum protease production was obtained 
at the mean of both sucrose concentration and pH. However, 
when the level values increase from the average value, the 
production of enzyme was declined. A genetic algorithm 

(GA) is used to solve both constrained and unconstrained 
optimization problems. It is developed based on the princi-
ples of natural genetics and natural selection. This algorithm 
follows Darwin’s theory of survival of the fittest and works 
by mimicking the conditions of the natural environment 
in which the process of evolution occurs. The best point 
in the population evolves toward the best solution. In this 
study, the RSM model was used as the fitness function for 
GA to optimize the maximum enzyme activity (U/ml). The 
parameters used in GA-based optimization are chromosome 
length = 30, population size = 30, crossover fraction = 0.8, 
mutation scale = 0.2, and the number of generations = 50. 
The GA toolbox of MATLAB 8.1 (The Mathworks, Inc., 
MA, USA) was used in the optimization studies. The fitness 
value vs generation and current best individual vs a number 
of variables obtained from the genetic algorithm are illus-
trated in Fig. S2. The best fitness and mean fitness values 
were found to be the same and it corresponds to the enzyme 
activity of 166.971%. The optimal parameter values were 
found to be sucrose concentration 0.316% w/v, initial pH of 
8.24, and temperature 30.5 °C.

Validation of the Model

After optimization, triplicate experiments were performed 
using the predicted optimized process conditions. At these 
conditions, the mean percentage of enzyme activity 166.184 
U/ml was obtained.

Partial Purification of the Crude Enzyme

The protease from Aspergillus sp. SPV03 was precipitated 
using ammonium sulfate and the active pellet was dialyzed. 
The purified protease showed a 1.96-fold increase in enzyme 
activity from the crude enzyme.

Fig. 1   3D representation of response surface curve of the interaction effect of temperature and pH (a), the interaction effect of temperature and 
sucrose concentration (b), and the interaction effect of pH and sucrose concentration (c), on protease production from Aspergillus sp.

Fig. 2   Effect of pH on the activity (a) and stability (b) of Aspergillus 
sp. protease
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Characterization of the Partially Purified Enzyme

Effect of pH on the Activity and Stability

Aspergillus sp. SPV03 protease was active in a broad pH 
range of 5.5–12. It showed more than 87% of its maximum 
activity at a pH range of 6.0–11.5, with optimum activity at 
pH8, as indicated by the peak shown in Fig. 2a. The activ-
ity of protease from Aspergillus sp. SPV03 was found to 
increase gradually with the increase in the pH range from 5.0 
to 8.0 and a slight drop-in activity beyond pH 8.0. The strain 
showed its maximum protease activity 94.26%, 98.62%, 
97.93%, 95.63%, and 92.74% at pH values 7, 7.5, 8.5, 9, 
and 9.5, respectively. The protease activity sharply fell at 
pH above 11. Minimum relative activity was noted at pH 
5 (20.056%) and pH 12.0 (40.47%). The stability profile of 
the protease enzyme shows an increment from pH 5.0 to 8.0 
and a stability zone from the pH value of 7.0 to 9.5 shows 
more than 91% residual activity was retained after 1 h of 
incubation. Beyond pH 8.0, it starts to decrease and reaches 
92.68% at pH 8.5. In general, the protease enzyme was stable 
between pH 7.5 and 9.0 (0.5 intervals) and reached 94.65%, 
99.25%, 92.63%, and 90.60% of its residual activity. Its min-
imum residual activity was attained at a pH value of 5.0, 
that is, 11.24% of its original activity. As shown in Fig. 2b, 
alkaline protease enzyme in assaying buffers shows a stabil-
ity profile between pH values of 7.0 and 10.0.

Effect of Temperature on Enzyme Activity and Stability

The protease enzyme was found to be very active within a 
wide temperature range between 30 and 60 °C with maxi-
mum relative activity at 50 °C, as shown as the peak shown 

in Fig. 3a. Beyond 60 °C, the relative activity declined 
sharply with a minimum relative activity of 31.47% at 80 °C.

Thermal stability of alkaline protease was tested at pH 
8.0, as shown in Fig. 3b. At 50 °C, it shows high thermal 
stability with more than 90% of residual activity within 1 h 
of incubation. The protease showed thermal stability within 
an incubation time range of 10–40 min greater than 80% of 
its residual activity for assaying at 30–60 °C. A temperature 
beyond 60 °C has low thermal stability.

Effect of NaCl Concentrations on Enzyme Activity 
and Stability

Maximum relativity activity of proteases was found at 
1 mM of NaCl, as shown in Fig. 4a. From 0.5 to 2 mM 
NaCl, the relative activity was more than 85%. At high con-
centration (> 2 mM) of NaCl, its activity sharply declined 
and the least activity was observed at 3 mM (8.01%) NaCl. 
Maximum stability after 1 h of incubation was obtained at 
1 mM NaCl. More than 86% stability was achieved in the 
range of 0.5–2 mM NaCl concentration as shown in Fig. 4b. 
An optimal protease activity founded at 10% (w/v) NaCl.

Antioxidant Activity and Degree Hydrolysis

To explore the potential of the partially purified proteases 
obtained from Aspergillus sp. for protein hydrolysis, casein 
and gelatin were used. As given in Fig.  5a, the results 
showed the degree of hydrolysis (DH) of casein was signifi-
cantly higher than gelatin. For the DPPH assay, the gelatin 
and casein hydrolyzates prepared with the proteases obtained 
from Aspergillus sp. showed the greatest radical scavenging 
as 66% in the casein hydrolyzates (Fig. 5b).

Fig. 3   Effect of temperature on the activity (a) and stability (b) of Aspergillus sp. protease
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Kinetic Parameters and Activation Energy

An L-B plot was used to calculate the kinetic constants 
(Fig. 5c). From the observations, it was found that the Km 
and Vmax values of acquired enzymes were 5.54 mg/mL and 
24.44 mg/mL min, respectively. The Arrhenius plot (Fig. 5d) 
within the temperature range from 30 to 50 °C exhibits a 
linear relationship. From the Arrhenius plot, the activation 
energy was calculated to be 32.42 kJ/mol that necessary to 
conduct the hydrolysis of casein.

Discussion

The current study demonstrated the isolation of fungus that 
produces protease enzyme from decayed injera and it also 
demonstrates the enhancement of protease production via 
using RSM. Stability of protease at alkaline pH, higher 
temperature, and with different concentrations of salt are 
preferred at different industry sectors, such as detergent for-
mation. This study revealed the utilization of decayed injera 
for isolation of protease-producing fungi and the characteri-
zation of the enzyme.

The 18S rRNA sequencing data discovered that the fungal 
strain that had maximum inhibition zone in the SMA was the 
Aspergillus species. The most successful method to identify 
the exact species of microbes is to use PCR amplification of 
target sequences within the rRNA gene complex [27, 28].

The regression model obtained after the ANOVA indi-
cated that the value of the quadratic model is highly sig-
nificant (P-value < 0.0001). A large R2 value shows that the 
regression has accounted for a large proportion of the total 
variability in the observed value of Y that favors the regres-
sion equation model [7]. Adeq precision measures the sig-
nal-to-noise ratio, and a ratio greater than 4 is desirable [6]. 
This model can be used to navigate the design space. PRESS 
(predicted sum of squares) measures how well a particular 
model fits each point in the design and a higher value dem-
onstrates the fitness of the model. Low values of coefficient 

of variation (CV% 4.89) show reliability and good precision 
of the experiments because it is the error expressed as a 
percentage of the mean. Values of Prob. > F less than 0.05 
indicates model terms are significant. The P-values greater 
than 0.10 indicate the model terms are not significant [6].

Different studies conducted on the effect of carbon 
source on protease production reported that sucrose gives 
a high yield of protease production [29, 30]. Temperature 
influences both the growth rate and the amount of protease 
production because a microorganism’s metabolism and 
the fermentation process is affected by the environmental 
temperature [31, 32]. Most fungi protease are temperature 
sensitive; therefore, they have reduced protease production 
activities at extreme temperature [3]. A higher temperature 
is found to have some opposing effects on the metabolic 
activities of microorganisms and inhibits the growth of fun-
gus [33]. Other studies on protease also confirm our study 
result, which reported a maximum protease production at 
30 °C [34–36]. Different studies [37, 38], reported similar 
results as obtained in the present study on optimal pH for 
the production. In a little deviation, D. G. Franco et al. [39] 
reported that the peak pH for protease production was 6.5. 
Thus, the experimental results showed that protease produc-
tion is affected by the production temperature and depends 
on the strain. The activities of protease-producing fungi and 
other microbes depend on the pH of the culture because it 
strongly affects many enzymatic processes and the transport 
of various components across cell membranes [40]. The vali-
dation analysis results corroborated the predicted values and 
hence reflected the applicability of RSM-GA to optimize the 
process of enzyme production, showing the effectiveness of 
the model.

Most of the industrial alkaline process works at alka-
line pH (8 to 10). Thus, Aspergillus sp. SPV03 could be 
used for these industrial applications. In this regard, pro-
teases with similar biochemical characteristics have been 
described for A. flavipes NRRL 295 [41]. Furthermore, 
similar studies were also obtained for protease activity 
from Aspergillus fumigatus TKU003, Aspergillus ustus, 
Aspergillus flavus AP2, and Aspergillus nidulans HA-10 
[38].

The enzyme was found to be thermally unstable above 
the incubation time of 40 min at 60 °C. This phenomenon 
could be due to the denaturation of the enzyme at high 
temperatures for a long exposure. The temperature and 
stability profile of the purified protease confirmed that 
the enzyme was thermostable. Consequently, this enzyme 
could find prospective application in commercial, such as 
in food processing agent as most food industries, such as 
brewing and baking, that use proteases need their pro-
cesses to be carried out at temperatures nearly 50 and 
60 °C [15]. Prior studied data for the characterization 
of proteases confirmed 40 °C as optimal temperature for 

Fig. 4   Effect of NaCl concentration on the activity (a) and stability 
(b) of Aspergillus sp. protease
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protease activity from Aspergillus Parastics [42] and Con-
idiobolus Coronatus [43].

Numerous metal ions have been described to have an 
impact on protease activity. The study done by Racheal et al. 
[15] stated that the enhancement of the activity of protease 
using NaCl salt. Only minimal enzymatic activity was mani-
fest in the time off of salt [44].

A similar performance of DH has been observed for 
casein hydrolysis using an immobilized A. oryzae protease 
[45]. DPPH radical is a stable free radical. In ethanol, it 
shows maximal absorbance at 517 nm. It has been widely 
used to test the ability of natural compounds to act as free 
radical scavengers. This can be considered for assessing anti-
oxidant potentials. The hydrolysis might be releasing the 
antioxidant peptides increasing the antioxidant activity of 
the enzymes [41].

The kinetic constants, Km and Vmax, designate the affin-
ity of an enzyme with substrate. The Km value helps get the 
relation between the rates of product formation from the 
availability of substrates relative to substrate concentration 
[41]. The Km of an enzyme is an inverse measure of its 
affinity to the substrate. The Vmax value is a characteristic 
feature of an enzyme at a defined concentration of substrate. 
A previously studied data by Murthy and Naidu reported 
Km values of 3 mg/ml for a protease form A. oryzae strains 
[46]. Additionally, Janser et al. stated a wide range of Km 
(0.44–1.92 mg/mL) when Aspergillus niger was grown on 
different substrates [47]. Arrhenius plot suggested that this 
cocktail of proteolytic enzymes have single conformations 
up to the transition temperatures. Ortiz et al. [41] reported 
activation energy of the 31.66 kJ/mol for azo-casein hydroly-
sis using proteases from A. giganteus NRRL 10 within a 

Fig. 5   Degree of hydrolysis (DH) for casein and gelatin substrates 
using observed proteases (a), and DPPH radical scavenging activ-
ity using the proteases from casein and gelatin (b), and L-B Plot for 

determination of kinetic constants (c), and Arrhenius Plot for deter-
mination of activation energy (d)
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temperature range of 30–46 °C. This value was similar to 
the protease obtained from Aspergillus sp. that is extracted 
from the rotten Injera.

Conclusion

In this study, the proteases-producing fungi, which can be 
derived from decaying Injera was isolated and identified as 
Aspergillus sp. Using the isolate, the protease production 
was optimized for temperature, pH, and sucrose concen-
trations by RSM and GA using CCD design. The opti-
mum condition for the production of protease enzyme was 
found to be a temperature of 30.5 °C, pH 8.24, and 0.316% 
(w/v) sucrose concentration with an enzyme activity of 
166.4221 U/ml. Maximum enzyme stability was obtained 
at pH 8.0, and the alkaline protease was found to be very 
active at temperatures between 30 and 60 °C, with maxi-
mum stability at 50 °C. It was stable at 0.5–2 mM NaCl 
concentration. Further, the antioxidant activity and degree 
hydrolysis for the protein hydrolyzates were calculated. 
From the M–M kinetics, the parameters, Km and Vmax 
values, were observed to be 5.54 mg/ml and 24.44 mg/
ml min, respectively. Using Arrhenius law, the value of 
activation energy for the acquired enzyme cocktail was 
determined as 32.42 kJ/mol. It is well proven that the 
cocktail of the protease enzyme has high potential value 
in bio-based industries. However, it is required to inves-
tigate indifferent aspects, such as process optimization in 
small-scale bioreactor and use of other cheap alternative 
energy sources.
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