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Abstract Medium composition and culture conditions for
the bleaching stable alkaline protease production by
Aspergillus clavatus ES1 were optimized. Two statistical
methods were used. Plackett–Burman design was applied
to find the key ingredients and conditions for the best
yield. Response surface methodology (RSM) including
full factorial design was used to determine the optimal
concentrations and conditions. Results indicated that
Mirabilis jalapa tubers powder (MJTP), culture tempera-
ture, and initial medium pH had significant effects on the
production. Under the proposed optimized conditions, the
protease experimental yield (770.66 U/ml) closely
matched the yield predicted by the statistical model
(749.94 U/ml) with R2=0.98. The optimum operating
conditions obtained from the RSM were MJTP concentra-
tion of 10 g/l, pH 8.0, and temperature of 30 °C,
Sardinella heads and viscera flour (SHVF) and other salts
were used at low level. The medium optimization
contributed an about 14.0-fold higher yield than that of
the unoptimized medium (starch 5 g/l, yeast extract 2 g/l,
temperature 30 °C, and pH 6.0; 56 U/ml). More interest-
ingly, the optimization was carried out with the by-product
sources, which may result in cost–effective production of
alkaline protease by the strain.
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Economy

Introduction

Microorganisms are the most important sources for
enzymes production. Among these enzymes, proteases
account for nearly 60% of the total industrial enzyme
market (Rao et al. 1998; Banerjee et al. 1999). A large
proportion of commercially available proteases are current-
ly derived from Bacillus strains. Nevertheless, the potential
use of fungal proteases is being increasingly realized
(Gupta et al. 2002b). In fact, fungal enzymes are commonly
used in industries due to various technical reasons,
including the feasibility of obtaining enzymes at a high
concentration in the fermentation medium (Mitchell and
Lonsane 1992). Fungal proteases offer a distinct advantage
over the bacterial enzymes in terms of easing the
downstream processing (Laxman et al. 2005).

The use of alkaline proteases has been increased
remarkably in various industrial processes such as in the
production of detergents, in processing food and animal
feed, and in the production of X-ray films (Gupta et al.
2002a; Kumar and Takagi 1999).

It is well known that extracellular protease production in
microorganisms is greatly influenced by media compo-
nents, especially carbon and nitrogen sources, and physical
factors such as temperature, pH, incubation time, agitation,
and inoculum density (Nehete et al. 1985; Kole et al. 1988;
Varela et al. 1996; Johnvesly and Naik 2001). Medium
composition is one of the most important parameters when
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enzymes are particularly produced for industrial purposes,
because around 30–40% of the production cost was
estimated to be accounted for the cost of the growth
medium (Kirk et al. 2002). Optimization of media com-
pounds by the traditional “one-variable-at-a-time” strategy
involving changing one independent variable is the most
frequently used operation in biotechnology (Haaland 1989).
This strategy is extremely time-consuming and expensive
when a large number of variables are considered and is
incapable of detecting the true optimum, due especially to
the interactions among the factors.

In recent years, the use of statistical approach involving
Plackett–Burman designing and response surface methodol-
ogy (RSM) has gained a lot of impetus for the medium
optimization and for understanding the interactions among
various physicochemical parameters using a minimum num-
ber of experiments. The Plackett–Burman design allows the
screening of main factors from a large number of variables
that can be retained in further optimization process. RSM is a
collection of statistical techniques for designing experiments,
building models, evaluating the effects of factors, and
searching optimum conditions of studied factors for desirable
responses (De Coninck et al. 2000). RSM has been
successfully applied in many areas of biotechnology, such
as the α-amylase production (Kunamneni et al. 2005),
protease production (Dutta et al. 2004), and neomycin
production (Adinarayana et al. 2003).

Aspergillus clavatus ES1 has been recently identified as a
producer of an extracellular bleaching stable alkaline protease
(Hajji et al. 2007). The enzyme has a molecular weight of 32
kDa, it was identified as a serine protease, and it is active
over a wide range of pHs with an optimum between 8.0 and
9.0. The optimum temperature of activity is around 50 °C.
More interestingly, the protease is stable in the presence of
sodium dodecyl sulfate, Triton X-100, and sodium perborate.
Considering these properties, ES1 alkaline protease may find
a potential application in laundry detergents.

In the present study, an effort was done to maximize the
alkaline protease production of A. clavatus ES1 by using a
low-cost fermentation medium. The optimization steps were
performed as follows: selecting carbon and nitrogen sources
by one-variable-at-a-time approach, screening the main
factors influencing protease production using the Plackett–
Burman design, and assessing the optimal region of the
significant variables using the RSM (full factorial design).

Material and methods

Chemicals

All microbiological media components were from Bio-Rad,
France. Casein and casein peptone were purchased from

Sigma Chemicals Co. (St Louis, MO, USA).Mirabilis jalapa
tuber powder (MJTP) and sardinelle (Sardinella aurita)
heads and viscera flour (SHVF) were prepared in our
laboratory. All other chemicals used were of analytical grade.

To obtain SHVF, heads and viscera were cooked until
boiling, pressed to remove water and fat, minced, and then
dried (Ellouz et al. 2001). To obtain MJTP, raw material
was peeled, grinded, and then dried at 80 °C for at least 5 h.
The dried preparation was minced again to obtain a fine
powder and then stored in glass bottles at room tempera-
ture. The MJTP contained 32.6±2% starch, 17.3±3%
proteins, 20±2% ash, and low content of lipids.

Microorganism

A. clavatus ES1 producing a bleach-stable alkaline protease
was isolated from the wastewater. It was identified on the basis
of 860 bp of the 18S rRNA analysis (Hajji et al. 2007). The
strain was propagated on the potato dextrose agar plates at 30
°C, and the inocula of spores were prepared from 7-day-old
colonies by flooding with 10 ml of sterile distilled water and
scraping off the agar plates. The strain was stored at −80 °C.

Selection of the best carbon and nitrogen sources

Initial screening of the most significant carbon and nitrogen
sources allowing the maximum protease production was
performed by one-variable-at-a-time approach. Seven dif-
ferent nitrogen sources (2 g/l) include casein peptone, urea,
casein, sodium nitrate, yeast extract, SHVF, and
(NH4)2SO4, and the seven simple and complex carbon
sources (5 g/l) include sucrose, glucose, maltose, potato
starch, hulled grain of wheat, inulin, and MJTP. Initial M1
medium consists of (g/l): starch 5.0, yeast extract 2.0,
CaCl2 .7H2O 0.4, KH2PO4 1.0, Na2HPO4 0.8,
MgSO4.7H2O 0.5, ZnSO4 0.1, and NaCl 0.3. The above
different nitrogen and carbon sources are used instead of
the yeast extract and starch, respectively. Media were
autoclaved at 120 °C for 20 min. Cultures were inoculated
with 107 spores/ml in the 300-ml Erlenmeyer flasks with a
working volume of 50 ml and incubated on a rotatory
shaker (200 rpm) for 72 h. Cultures were centrifuged at
8,000×g for 15 min to remove the fungi mycelia and the
supernatants were used for estimation of the proteolytic
activity. All experiments were carried out in duplicate and
repeated at least twice.

Determination of mycelium dry weight

The fungal mycelia were harvested by centrifugation at
8,000×g for 15 min. The pellet was washed with autoclaved
bidistilled water and the dry weight was determined after
heating at 105 °C to constant weight (Chi and Zhao 2003).
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Protease assay

Protease activity was measured by the method of Kembhavi
et al. (1993) using casein as a substrate. Half milliliter of
the enzyme, suitably diluted, was mixed with 0.5 ml of
100 mM Tris-HCl (pH 8.5) containing 1% (w/v) casein and
incubated for 10 min at 50 °C. The reaction was stopped
by adding 0.5 ml trichloroacetic acid (20%; w/v). The mix-
ture was allowed to stand at room temperature for 15 min
and then centrifuged at 10,000×g for 15 min to remove the
precipitate. The soluble fraction was estimated at 280 nm.
A standard curve was generated using the solutions of
0–50 mg/l tyrosine. One unit of protease activity was de-
fined as the amount of enzyme required to liberate 1 μg of
tyrosine per minute under the experimental conditions used.

Plackett–Burman design

The Plackett–Burman design is an efficient way to screen
the main physicochemical parameters, required for the

elevated protease production, among a large number of
process variables (Plackett and Burman 1946). The carbon
and nitrogen sources, which had been screened earlier, were
added to the main culture medium for optimization. The
Plackett–Burman method allows the evaluation of N
variable in the N +1 experiments; each variable was
examined at two levels: −1 for a low level and +1 for a
high level. Table 1 illustrated the factors under investigation
as well as the levels of each factor used in the experimental
design, whereas Table 2 represents the design matrix.
‘Design Expert® 7.0’ Stat-Ease, Inc., Minneapolis, MN,
USA, was used to analyze the experimental Plackett–
Burman design.

Experimental design

Based on the results of the one-variable-at-a-time experi-
ments and the Plackett–Burman design, the effect of the
three factors, MJTP concentration, temperature, and pH,
was studied using the response surface methodology. A
full factorial experimental design involving 27 experi-
ments with the three variables at three levels (low, middle,
and high) was employed to optimize the variable levels
for the increase of alkaline protease production. Table 3
shows the coded levels and the corresponding actual values
employed.

The experimental results of RSM were fitted via the
response surface regression procedure, using the following
second-order polynomial equation:

Y ¼ a0 þ
X

i

aiXi þ
X

ii

aiiX
2
i þ

X

ij

aijXiXj ð1Þ

where Y is the predicted response; α0 is the intercept term;
αi is the linear coefficient; αii is the quadratic coefficient;
αij is the interaction coefficients. Xi and Xj are the levels of
the independent variables.

Table 1 Range of different variables studied in the Plackett–Burman
design

Variables Variable
code

Low
level (−1)

High
level (+1)

Temperature (°C) A 25 30
MJTP (g/l) B 2 5
SHVF (g/l) C 2 5
KH2PO4 (g/l) D 1 2
MgSO4 7H2O (g/l) E 0.5 1
NaCl (g/l) F 0.3 0.6
pH G 5 8
ZnSO4 (g/l) H 0.1 0.2
Na2HPO4 (g/l) I 0.8 1.6
CaCl2 (g/l) J 0.4 0.8
MnSO4 (g/l) K 0.3 0.6

MJTP M. jalapa tuber powder, SHVF Sardinella heads and viscera
flour

Table 2 Plackett–Burman experimental design matrix with protease production levels

Trials A B C D E F G H I J K Protease activity (U/ml)

1 +1 −1 +1 −1 −1 −1 +1 +1 +1 −1 +1 204
2 +1 +1 −1 +1 −1 −1 −1 +1 +1 +1 −1 261
3 −1 +1 +1 −1 +1 −1 −1 −1 +1 +1 +1 305
4 +1 −1 +1 +1 −1 +1 −1 −1 −1 +1 +1 175
5 +1 +1 −1 +1 +1 −1 +1 −1 −1 −1 +1 295
6 +1 +1 +1 −1 +1 +1 −1 +1 −1 −1 −1 274
7 −1 +1 +1 +1 −1 +1 +1 −1 +1 −1 −1 328
8 −1 −1 +1 +1 +1 −1 +1 +1 −1 +1 −1 262
9 −1 −1 −1 +1 +1 +1 −1 +1 +1 −1 +1 234
10 +1 −1 −1 −1 +1 +1 +1 −1 +1 +1 −1 215
11 −1 +1 −1 −1 −1 +1 +1 +1 −1 +1 +1 330
12 −1 −1 −1 −1 −1 −1 −1 −1 −1 −1 −1 242
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Statistical significance of the coefficients and predicted
protease production in the above equation were evaluated by
using a linear regression analysis employing the Statistical
Package for the Social Sciences Software (SPSS 11). Reten-

tion of the significant coefficient terms was based on p values
(<0.05). Three-dimensional surface plots were obtained using
the MATLAB software to illustrate the main and interactive
effects of the independent and combined variables.

Table 3 Experimental design used in RSM studies by using three independent variables each at three levels showing observed and predicted
values of alkaline protease production

Run order Coded values Protease production (U/ml)

X1 X2 (°C) X3 (g/l) Experimental Predicted

1 −1 −1 −1 485.16 443.76
2 −1 −1 0 653.29 581.16
3 −1 −1 +1 355.88 362.16
4 0 −1 −1 484.53 483.00
5 0 −1 0 588.41 619.84
6 0 −1 +1 338.55 401.00
7 +1 −1 −1 511.13 521.84
8 +1 −1 0 666.82 658.84
9 +1 −1 +1 433.91 439.84
10 −1 0 −1 539.72 589.16
11 −1 0 0 652.91 726.16
12 −1 0 +1 473.24 507.16
13 0 0 −1 615.61 601.05
14 0 0 0 744.13 738.05
15 0 0 +1 560.72 519.05
16 +1 0 −1 564.31 612.94
17 +1 0 0 770.66 749.94
18 +1 0 +1 600.18 530.94
19 −1 +1 −1 189.72 192.56
20 −1 +1 0 311.61 336.56
21 −1 +1 +1 53.16 88.56
22 0 +1 −1 212.77 144.72
23 0 +1 0 321.43 281.72
24 0 +1 +1 89.08 62.72
25 +1 +1 −1 89.33 118.88
26 +1 +1 0 167.24 255.88
27 +1 +1 +1 49.55 36.88

X1—pH (−1=4, 0=6, +1=8); X2—temperature (−1=25, 0=30, +1=35); X3—MJTP concentration (−1=5, 0=10, +1=15)

Table 4 Identifying significant variables for alkaline protease production by A. clavatus ES1 using Plackett–Burman design

Sources DF Effect estimate Sum of squares F ratio Prob>F

T (°C) 1 26.361111 25,016.694 64.2369 <.0001a

MJTP 1 −36.13889 47,016.694 120.7276 <.0001a

SHVF 1 0.1388889 0.694 0.0018 0.9667
KH2PO4 1 −1.027778 38.028 0.0976 0.7574
MgSO4 1 −7.027778 1,778.028 4.5655 0.0430a

NaCl 1 4.3611111 684.694 1.7581 0.1973
pH 1 15.19444 8,311.361 21.3416 0.0001a

ZnSO4 1 −3.694444 491.361 1.2617 0.2724
Na2HPO4 1 4.8611111 850.694 2.1844 0.1524
CaCl2 1 0.1388889 0.694 0.0018 0.9667
MnSO4 1 6.5277778 1,534.028 3.9390 0.0587

DF Degree of freedom
aVariable terms have significant effect on protease production
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Validation of the experimental model

The statistical model was validated with respect to all of the
three variables within the design space. A random set of
seven experimental combinations were used to study the
protease production under the experimental conditions
described above.

Results

Selection of carbon and nitrogen sources

A series of experiments were first carried out to study the
effects of various simple and complex carbon and nitrogen
sources on the protease production by A. clavatus ES1.
Cultures were first conducted in medium M1 containing the
different carbon sources, each added at a concentration of 5
g/l. Protease activity was produced at a high level in the
presence of complex organic carbon sources. The maxi-
mum levels were carried out with MJTP (203 U/ml)
followed by a hulled grain of wheat (148 U/ml). MJTP
was tested as a carbon source since it contained a high
starch content (32.6±2%). The easily assimilated simple
carbon sources like sucrose, glucose, maltose, and starch
resulted in a weak alkaline protease production, 77, 63,
125, and 56 U/ml, respectively.

In general, both organic and inorganic nitrogen sources
were used efficiently for the protease production. In the
present study, different organic (yeast extract, casein

peptone, casein, and SHVF) and inorganic (ammonium
sulfate, sodium nitrate) nitrogen sources, at a concentration
of 2 g/l, were tested in the M1 medium containing MJTP at
5 g/l as carbon source. Higher protease production level
was obtained with SHVF (298 U/ml) as the nitrogen source
compared to casein peptone, yeast extract, and casein (237,
210, 186 U/ml, respectively). Nevertheless, SHVF could
also be used as carbon source by the strain. Ammonium
sulfate and sodium nitrate, as inorganic nitrogen sources,
showed weak alkaline protease production levels, 106 and
130 U/ml, respectively.

Among the various carbon and nitrogen sources tested,
MJTP and SHVF were found to be the most suitable
substrates for the production of alkaline protease. Thus,
these substrates were selected for further optimization steps.

Plackett–Burman design

Plackett–Burman design was used to screen the importance
of 11 factors, mentioned in Tables 1 and 2, on the alkaline
protease production by A. clavatus ES1. Statistical analysis
of the responses were performed and represented in Table 4.
Factors having a confidence greater than 95% (Prob>F≤
0.05) were considered to have a significant effect on the
response (protease production). From the experimental data
analysis, incubation temperature and MJTP with Prob>F≤
0.0001 were found to be the most influencing factors in the
medium followed by the initial pH (Prob>F=0.0001).
MgSO4.7H2O with Prob>F=0.043 affected slightly the
alkaline protease production. Three of the four significant

Table 5 Statistical significance of the response equation developed in the A. clavatus ES1 alkaline protease production

Degrees of freedom Sum of squares Mean square F Significance

Regression 6 1,243,489.49 207,248.248 79.291 <0.001
Residual 20 52,275.178 2,613.759
Total 26 1,295,764.67
Multiple R 0.96
R-square 0.98

Table 6 Statistical significance of the response equation developed in the A. clavatus ES1 alkaline protease production

Coefficients Standard error t-statistic p-value Lower 95% Upper 95%

Intercept −6,671.021 618.760 −10.781 <0.001 −7,961.732 −5,380.311
X1 86.796 38.023 −2.283 0.034 7.481 166.111
X2 446.780 38.104 11.725 <0.001 367.296 526.263
X3 134.200 16.870 7.955 <0.001 99.009 169.391
X2

2 −7.400 0.599 −12.352 <0.001 −8.649 −6.150
X3

2 −7.120 0.835 −8.528 <0.001 −8.862 −5.378
X1 X2 −2.695 1.224 −2.202 0.040 −5.249 −0.142

X1—pH; X2—temperature; X3—MJTP concentration
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variables identified, MJTP, pH, and MgSO4.7H2O had a
maximum response at level −1, while the temperature
exerted positive influence on the enzyme production as
indicated by the effect estimated (Table 4).

Optimization by response surface methodology

Based on the Plackett–Burman design, three variables
temperature, MJTP, and pH, which significantly influenced
the alkaline protease production, were selected for the
design of RSM. A total of 27 experiments with different
combinations of the selected parameters were performed.
The full factorial experimental designs, employed to
determine the optimum levels of the three screened factors,
are presented in Table 3. Coefficients of the model were
evaluated and tested for their significance by linear
regression analysis using SPSS 11. The p values are used
as a tool to check the significance of each coefficient,
which also indicate the interaction strength between each
independent variable; the smaller the p values, the bigger
the significance of the corresponding coefficient. The non-
significant coefficients from Eq. 1 (see “Material and
Methods”) were eliminated on the basis of their p values
(>0.05). The final response function to predict the protease
activity after eliminating the non-significant terms was as
follows:

Y ¼ �6671:02þ 86:796X1 þ 446:780X2

þ 134:200X3 � 7:400X 2
2 � 7:120X 2

3

� 2:695X1X2 ð2Þ

The regression coefficients and the analysis of the
variance presented in Tables 5 and 6 indicate the high
significance of the model. The highest R2 value (0.98)
showed also the good agreement between the experimental
results and the theoretical values predicted by the model
(Weisberg 1985). Results revealed that linear and quadratic
terms of the temperature and MJTP had a significant effect
on the protease production (p<0.05). However, the linear
effect of pH and interactive effect of temperature and pH
were less significant than the other factors with p<0.034
and p<0.040, respectively.

The three-dimensional (3-D) response surfaces were
plotted on the basis of the model equation to investigate
the interaction among variables and to determine the
optimum concentration of each factor for maximum
protease production by ES1 strain. The response surfaces
shown in Fig. 1 were based on the final model, holding one
variable constant at its optimum level, while the other two
within their experimental range. The effects of varying the
pH and one of the other variables are shown in Fig. 1a,b,

which demonstrate that the response surfaces for the two
combinations were similar to each other. Protease produc-
tion varied significantly upon changing the initial MJTP
concentration and the temperature. The three-dimensional
plots (Fig. 1) show that the increase in concentration of
MJTP or temperature cause an increase in the protease

Fig. 1 Response surface curve of alkaline protease production from
A. clavatus ES1 showing the interaction between culture pH and
incubation temperature (a), culture pH and MJTP concentration (b),
and MJTP concentration and incubation temperature (c)
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production to optimum values, whereas, further increase
leads to the decrease of enzyme production.

The 3-D response surface corresponding to the com-
bined effect of temperature and MJTP (Fig. 1c) had an
elliptical contour suggesting that not only there were well-
defined optimum operating conditions but also the
interaction effect between the two factors was significant
(Dutta et al. 2004).

Model validation

The model was verified for the three variables within the
design space. A random set of seven production combina-
tions were prepared and tested for the protease production
(Table 7). The experimentally determined production values
were found to be in good agreement with the statistically
predicted ones (R2=0.97), confirming the model’s authen-
ticity. In addition, the average error (difference between
observed and predicted value) is close to zero, indicating
the absence of bias in the model’s predictions.

Time course of protease production by A. clavatus ES1

The time courses of protease activity and the growth of A.
clavatus ES1 for both the optimized and unoptimized media
are shown in Fig. 2. The results show that the biosynthesis of
the enzyme was associated with the cell growth. In
optimized medium, protease activity increased during the
exponential growth phase and reached a maximum activity
of 788 U/ml at 72 h. This value was almost near to the actual
predicted value (749.9 U/ml). The production of protease
decreased slightly at the beginning of the stationary phase,
which may be attributed to an autodegradation mechanism
(Hoffman and Breuil 2002). However, the maximum
protease activity under unoptimized conditions was only
56 U/ml. By optimizing the medium composition and the
culture conditions, the production of alkaline bleaching pro-
tease was enhanced from 56 to 788 U/ml.

Discussion

The improvement of microbial protease production is the
purpose of several investigations. In general, no defined
medium has been carried out for the production of alkaline
proteases from the different microorganisms. Each strain
has its specific requirement in special conditions for
maximizing the enzyme production (Gupta et al. 2002b).
The effect of environmental conditions on the production of
extracellular proteolytic enzymes could play an important
role in the induction or repression of the enzyme by using
specific compounds (Wang et al. 2007). Alkaline protease
production is dependent on the availability of both carbon
and nitrogen sources within the medium. Both exert
regulatory effects on enzyme synthesis (Chu et al. 1992).

Aspergillus species use a wide variety of substrates for
growth and can switch between several different biochem-
ical pathways for the assimilation of these various sub-
strates (Hintz et al. 1995). In this study, the ES1 strain
showed the high protease production on MJTP and SHVF,
used as carbon and nitrogen sources, respectively. Both
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Fig. 2 Kinetics of growth and alkaline protease production by A.
clavatus ES1: (▲) biomass (g/l) after optimization, (Δ) protease
production (U/ml) after optimization, (■) biomass before optimization,
and (□) protease production before optimization

Table 7 Data for validation of the experimental model

Run order Variables values Protease production (U/ml)

X1 X2 (°C) X3 (g/l) Experimental Predicted

1 4 30 7.5 633.15 702.81
2 5 25 10 574.33 600.54
3 8 25 12.5 609.49 593.44
4 6 27 5 574.21 531.88
5 7 30 7.5 719.20 677.73
6 4 37 12.5 525.11 493.48
7 7 35 10 455.32 478.69

X1—pH; X2—temperature; X3—MJTP concentration; R2 =0.97
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organic substrates, prepared in our laboratory, are inexpen-
sive and readily available. In Tunisia, sardinelle (Sardinella
aurita) catches were about 13,300 tons in 2002. During
processing, solid wastes including heads and viscera
constitute 30% of the original material. For M. jalapa,
production of tubers was estimated to be 60 tons/ha. Thus,
the use of these substrates may result in a cost–effective
process. The absence of free sugars in MJTP (data not
shown) could be beneficial by avoiding catabolic repres-
sion, which is often observed in the extracellular proteases
production (Calik and Ozdamar 2001). The obtained results
confirm in the earlier works reported that complex carbon
and nitrogen sources constitute better substrates for prote-
ase production than simple organic substrates such as
glucose, which induced catabolic repression (Hanlon et al.
1982; Kole et al. 1988).

During fermentation conditions, the temperature and pH
also influence the alkaline protease production. These
parameters are well studied with bacteria from the genus
Bacillus but with fungi, few studies have been reported.
The ES1 strain produced a maximum alkaline protease
level at temperature values lower than 30 °C. Most of the
fungi showed an optimum temperature for protease pro-
duction ranging from 28 °C to 30 °C (Chakraborty et al.
1995; Malathi and Chakraborty 1991; Germano et al.
2003). However, A. oryzae NCIM 649, A. fumigatus
TKU003, and A. fumigatus Fresenius seem to tolerate the
higher temperatures where maximum protease production
was achieved at 36 °C, 37 °C, and 42 °C, respectively
(Agrawal et al. 2005; Wang et al. 2005; Santos et al. 1996).
Furthermore, it has been reported that the enzyme produc-
tion by fungal strains occurred at medium pH slightly lower
than neutrality (pH 4.5 to 6.5; Gupta et al. 2002b). Higher
level production of the alkaline protease by A. clavatus ES1
was observed at medium pH 8.0 which is a very important
propriety of the strain.

Nowadays, there is a growing acceptance for the use of
statistical experimental designs in biotechnology to opti-
mize culture medium components and conditions. Few
works were reported on the optimization of culture media,
for the production of fungal proteases, using statistical
approaches. RSM was used for the optimization of alkaline
protease production by A. clavatus ES1. The methodology
finds out the optimal conditions in any given system by a
set of independent variables over a specific region of
interest by establishing the relationship between more than
one variable and a given response (Haaland 1989). Among
the three significant variables selected by the Plackett–
Burman design, MJTP concentration and temperature were
found to have the greatest effect on the production of the
alkaline protease. For A. clavatus ES1, an overall 14.0-fold
increase in protease production was obtained compared to
the observed before optimization medium (starch 5 g/l,

yeast extract 2 g/l, 30 °C, and pH 6.0). A high degree of
similarity was observed between the predicted and exper-
imental values that reflected the applicability of RSM to
optimize the process of enzyme production. Maximum
protease production was achieved at temperature 30 °C, pH
8.0, 10 g/l MJTP, 2 g/l SHVF, and other salts which were
taken at low level as shown in the Plackett–Burman design.
By deriving Eq. (2), we can obtain the analytical optimal
level of the three factors. We find that these optimal values
had the temperature 30.2 °C, 9.4 g/l MJTP, and pH 7.6,
which are very close to the rate of the optimal combination
as determined experimentally.

Conclusion

The present study is the first contribution towards the use of
powder from M. jalapa tubers as a new complex organic
substrate for the production of bleach-stable alkaline
protease by A. clavatus ES1. In this study, Plackett–Burman
design and response surface methodology were employed
to optimize the medium and culture conditions for the
production of a bleaching stable protease by A. clavatus
ES1. The final composition of the optimized medium was
as follows: MJTP 10 g/l, SHVF 2 g/l, all salts at low levels
in Plackett–Burman matrix, pH 8.0, and temperature of
30 °C. The optimization of the medium resulted in about
14.0-fold higher protease production than that of the
unoptimized medium. Moreover, the cost of the medium
was decreased sharply since MJTP and SHVF, used as
carbon and nitrogen sources respectively, are inexpensive
and readily available organic substrates in Tunisia. To our
knowledge, this is the first report using the RSM when
optimizing the production of a bleaching stable protease
by A. clavatus species, which would offer some advantages
for the large-scale fermentation.
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