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Abstract

In this work, sequential optimization strategy, based on statistical designs, was employed to
enhance the production of a-amylase by Aspergillus niger ATCC 16404. This statistical study con-
sists of optimizing the factors that influence the production of a-amylase of A. niger ATCC 16404.
Indeed, another statistical study has allowed the selection of 5 factors (pH, starch, yeast extract,
“corn steep liquor”, CaCl; and salts) affecting both the development of mould (biomass) and that of
the enzyme production. The central composite design allows the determination of the optimum of
these selected factors and a quadratic model explains the factor reaction. Thus, the “ridge analysis”
method, has led to maximizing the experimental reaction. The results indicate that the production
rate of a-amylase is maximized in the presence of starch at 8.97 g/, yeast extract at 2.86 g/1, CaCl;
at 1.224 g/l, salts (composed of 25% FeS0.4, 7H20, 25% MnS0,4 and 50% MgCl;, 6H,0): FeS04, 7H:0,
MnSO04 0.1518 g/1 and MgCl;, 6H20 at 0.3036 g/1. As for the pH, it is maintained at the rate of 5.68.
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1. Introduction

a-amylase (E.C 3.2.1.1) is an extracellular enzyme which is widespread among higher plants, animals and
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microorganisms. It catalyses the hydrolysis of a-D-(1, 4) glycosidic linkages in starch components and related
carbohydrates. It can be obtained from several sources, such as plants, animals and microorganisms. The major
advantage of using microorganisms for the production of amylase is the economical bulk production capacity
and the fact that microbes are easy to manipulate to obtain enzymes of desired characteristics. a-Amylase has
been derived from several fungi, yeasts and bacteria. This enzyme holds the maximum market share of the
enzyme sales with major applications in the starch industry, baking industry, analytical chemistry, automatic
dishwashing detergents, desizing fabrics, medicine, and paper industry [1].

The optimal design of the culture medium is a very important aspect in the development of fermentation
processes. The conventional method for medium optimization involves changing one parameter at a time while
keeping all others constant. This method may be very expensive and time-consuming. In addition, it fails to
determine the combined effect of different factors [2] [3].

Statistical experimental designs have been used to address these problems, such as the response surface
methodology (RSM). In the present investigation, optimizing critical factors for a-amylase production was
performed using RSM with CCD of Box-Wilson. Knowing that Djekrif-Dakhmouche [4] adapted, in a previous
research work, the Plackett and Burman design [5] for the selection of the factors which affect the production of
a-amylase of Aspergillus niger ATCC16404 such pH, starch, yeast extract, “corn steep liquor”, CaCl, and salts.
This study enabled the selection of the most significant factors for enzymatic production including pH, starch,
yeast extract, CaCl, and Salts [4]. Central composite design of Box and Wilson [6] was employed to find out the
optimal levels of these factors selected. Furthermore, we know that in addition to the environmental conditions
of fermentation, the production of extra cellular enzyme is highly dependent on the origin of the fungal strain [7]
[8].

Indeed, the central composite design of Box and Wilson (1951) has already been used in previous studies: the
optimization of pectinase by Pseudozyma sp. SPJ [9], Optimization of fermentation medium for xylanase- pro-
ducing strain Xw 2 [10], the optimization of the production of the caroténoides of Rhodotorula glutinis DBVPG
3853 [11], the optimization of the production of a-amylase by Aspergillus flavus [12], the optimization of the
production of milk clotting enzymes by Bacillus subtilis [13].

Using multiple linear regressions and analyses variance, the model is determined in the form of second-degree
polynomials, starting from the most significant factors.

As for the reaction surface line, it permits to catch a glimpse of the operational optimal zone. Furthermore, the
use of the “ridge analysis” method is necessary to specify the maximum if it lies at the edge of the experimental
field.

2. Material and Methods
2.1. Mould
The strain of Aspergillus niger ATCC 16404 is offered by the institute Louis Pasteur, Paris, France.

2.2. Culture media

The strain was mainted at 0°C - 4°C on CY A medium (Czapec-yeast extract-agar).

The inoculum was prepared on 250 ml flasks with 40 ml PDA medium. After 72 h incubation at 35°C, 50 ml
distilled water was added. Spores were suspended under agitation with a magnetic stirrer [14].

The basic medium is prepared starting from the powder of orange scrap (mesocarpe and endocarpe) of waste
resulting from the UNAJUC Ramdhan Djamel, wilaya of Skikda. The powder is obtained after drying of waste
to the free air, then crushed, filtered (sieve AFNOR, opening 0.250 mm) and preserved in box hermetically
closed: 20 g of this powder is added to 100 ml of distilled water, mixed well, and then centrifuged at 6000 g for
20 min. The supernatant is used as basic medium after its dilution with the phosphate buffer 0.1 M pH 5.

The composition of the medium of production varies according to the experimental plan (Table 1).

2.3. Fermentation

The medium production is made of the basic medium supplemented according to the experimental design
(Table 1 and Table 2). In 250 ml Erlenmeyer flask containing 50 ml of the medium production, sterilised at
110°C for 15 min. An inoculum from Aspergillus niger ATCC16404 of 5 x 10° spores per flask was used. Cultures
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Table 1. Experimental matrix of the central composite design for the study of five factors.

N° of test Factors Activity
D E G J B L)
1 -1 -1 -1 -1 -1 760
2 +1 -1 -1 -1 -1 1100
3 -1 +1 -1 -1 -1 373
4 +1 +1 -1 -1 -1 453
5 -1 -1 +1 -1 -1 371
6 +1 -1 +1 -1 -1 477
7 -1 +1 +1 -1 -1 233
8 +1 +1 +1 -1 -1 280
9 -1 -1 -1 +1 -1 713
10 +1 -1 -1 +1 -1 636
11 -1 +1 -1 +1 -1 413
12 +1 +1 -1 +1 -1 380
13 -1 -1 +1 +1 -1 333
14 +1 -1 +1 +1 -1 247
15 -1 +1 +1 +1 -1 427
16 +1 +1 +1 +1 -1 387
17 -1 -1 -1 -1 +1 477
18 +1 -1 -1 -1 +1 790
19 -1 +1 -1 -1 +1 203
20 +1 +1 -1 -1 +1 480
21 -1 -1 +1 -1 +1 487
22 +1 -1 +1 -1 +1 750
23 -1 +1 +1 -1 +1 573
24 +1 +1 +1 -1 +1 713
25 -1 -1 -1 +1 +1 367
26 +1 -1 -1 +1 +1 657
27 -1 +1 -1 +1 +1 470
28 +1 +1 -1 +1 +1 457
29 -1 -1 +1 +1 +1 500
30 +1 -1 +1 +1 +1 513
31 -1 +1 +1 +1 +1 1106
32 +1 +1 +1 +1 +1 973
33 -a 0 0 0 0 327
34 +a 0 0 0 0 290
35 0 -a 0 0 0 407
36 0 +a 0 0 0 207
37 0 0 -a 0 0 360
38 0 0 +a 0 0 600
39 0 0 0 -a 0 873
40 0 0 0 +a 0 940
41 0 0 0 0 -a 360
42 0 0 0 0 +a 673
43 0 0 0 0 0 666
44 0 0 0 0 0 693
45 0 0 0 0 0 666
46 0 0 0 0 0 670
47 0 0 0 0 0 527

o =2.378.
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Table 2. Relationship between the coded levels and the real levels of the factors used in the central composite design.

Levels
Factors
—a (—2.378) =il 0 +1 +o (+2.378)
D: Starch 1.890 5 10 15 21.890
E: Yeast extract 0.378 1 2 3 4.378
G: CaCl, 0.524 0.800 1 12 1.475
J: Salts:
FeSO4, 7TH,0O 0.034 0.065 0.10 0.135 0.182
MnSO, 0.034 0.065 0.10 0.135 0.182
MgCl,-6H,0 0.070 0.13 0.20 0.27 0.364
B: pH 5.20 5.35 5.50 5.65 5.80

were shaken in an orbital incubator at 200 rpm and 30°C for a period of 72 hours. The filtrate is used to measure
out the activity of a-amylase.

2.4. Enzyme Assay

For determination of a-Amylasic activity, 0.5 ml of culture filtrate (suitably diluted, if necessary) are added to
0.5 ml of soluble starch 1% w/v in the 0.1 M pH 5 phosphate buffer. This mixture is incubated at 40°C during 30
minutes. The reaction is stopped using 2.4, dinitrosalicylic acid. One unit of a-amylase activity was defined as
the amount of enzyme that produced reducing sugar equivalent to 1 pmoles of maltose per min under the condi-
tions described above [15].

2.5. Statistical Methods

In order to precisely determine the previously selected factors optima (pH, starch, yeast extract, CaCl,, FeSOy,
MnSO, and MgCl,) in the production of a-amylase of A. niger, we have applied the central composite design of
Box and Wilson (1951). This framework allows the determination of a quadratic polynomial where each factor
is analysed at least on 3 levels [6] [16].

The experimental framework used in our work, which corresponds to 5 factors is shown in Table 1. It is con-
stituted of three parts:

1) 32 points of co-ordinates (—1, +1) which form a complete factorial design 2 (K in our study is equal to 5)

2) 10 stars with 2 levels +a and —a corresponding to the factorial design 2°: —2.378 and +2.378.

3) 5 repetitions of the central point (level 0).

This framework makes it possible to study each factor at 5 levels (Table 2), and to obtain the second degree
equation the derivatives of which, compared to 0, make it possible to determine the extremums coded co-ordin-
ates which will be, then, converted into actual values [8] [13]. The relationship between the coded levels and the
real levels of the factors used in a central composite design is also displayed in Table 2.

Starch: X, = [D]5—10

[E]-2
Yeast Extract: X, :T

CaCl,: X, :[G()]—Z_l

[9]-04

Salts: X, = o1z

J
FeSO,7H,0 (25%) = MnSO, (25%) = %

J
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_pH-55
045
X1, Xo, X 3, X4 and Xs are the coded factors of the central composite design according to the transformation:
¥ [value of the studied factor] -y
YA

pH: X,

y: is the value on level 0 of the studied factor
Z: is the step.
The reaction of the explained factor is adjusted by a quadratic model of the type:

Y =constant+" X, +>_ B X+ B X; X, +error

where, f; represent the linear coefficients of the explanatory factors, the f; quadratic effects and the fgthe in-
teractions of order 2 of the considered factors.

The derivatives compared to 0 of this equation provide the coded co-ordinates of the stable point. The reac-
tions surface lines, considering the explicative factors two by two and the reaction may be very useful to visual-
ize the factors influence and to determine the optimal conditions.

The statistical processing of the resulting data, the surfaces line of the reactions and that of the graphs have
been carried out using the software STATISTICA 5.

3. Results and Discussion

The statistical processing of the centred composite design used in our study leads to the results indicated in Ta-
ble 3. The Student T test is used as a criterion to evaluate the significance of the regression coefficients of the
linear quadratic effects and that of the interaction of the associated quadratic model [11].
The correlation and determination coefficients are shown in Table 3. The correlation coefficients high values R
=0.969, on one hand, and the determination coefficients R? (0.938) (R? is a global measure for the model qual-
ity), on the other hand, show that the selected model is representative of the production of a-amylase [13].

The 0.938 value of R? means that 94% of the a-amylase production variation may be explained by the five
factors.

Moreover, Table 4 of the variance analysis (ANOVA) provides Fisher’s test of which the value (Fps) is
19.754 for the a-amylase production, and is, thus, higher than the value found on Fisher’s table at the threshold
a=0.05(Fy, 26 = 1.82). The suggested model is very plausible.

3.1. The Evaluation of the X o Stationary Point

The extremums coded co-ordinates (stationary point coordinates) and the actual values are reported on Table 5.
By substituting such values in the model equation, the a-amylase production rate at this stationary point is, then,
deduced.

The reactions surfaces analysis shows that factors (starch; yeast extract), (starch; CaCly), (starch; pH) and
(yeast extract; pH) are most influential to increase the reaction.

It seems that factors (starch; salts), (yeast extract; CaCl,), (CaCl,; salts), (CaCly; pH), (yeast extract; salts),
(salts; pH) are not very positively influential (Figure 1). Hence, it seems to us imperative to break up the reac-
tion Y in its canonical form to easily determine the stationary point’s nature.

To improve interpretation, the reaction equation is reduced to its canonical form

Y =658.40+101.18W,2 + 22.45W, —50.77W.2 —87.64W,2 —102.252

The W, s represent the canonical components and the canonical coefficients revealing in this way that the ob-
tained stationary point is, in fact, a “saddle” point.

The use of the “ridge analysis” method has enabled us to determine the optimal reactions (Figure 2) accord-
ing to the R ray for various spheres centered in (0, 0), the central point of our experimental device.

Figure 3, representing the x1---x5 curves line according to R, makes it possible to determine “the maximum
absolute ridge”. Thus, at the periphery of our experimental area, the optimal values of the X, coded factors are:
0.206, 0.86, 1.12, 1.48 and 1.19, which correspond to the real optimal values (Table 6). The optimal value of the

reaction at this point is equal to 1267.5 1U.
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Table 3. Coefficient of regression of the equations representing the production of a-amylase.

Factors Coefficients Estimate Standard error Test T Value

Constant 647.364 32.686 19.696
e 32.302 11.304 2.858
B -40.004 11.304 -3.539
B 4.888 11.304 0.432
en 5.042 11.304 0.446
Ps 61.81 11.304 5.469
Pu —57.922 10.704 -5.411
)i -58.188 10.704 —5.436
a3 —27.594 10.704 —-2.578
LPua 47.826 10.704 4.468
Lss -21.14 10.704 -1.975
P2 —26.156 13.150 —1.989
P —27.094 13.150 —2.060
P —51.406 13.150 —3.909
Pis 25.40 13.150 1.932
P 102.645 13.150 7.806
P 79.718 13.150 6.062
Pos 66.406 13.150 5.050
i 35.782 13.150 2.721
Pss 118.344 13.150 8.999
s 33.782 13.150 2.569

Variable: a-amylase activity, Number of test: 47; Correlation Coefficient R = 0.969, Determination Coefficient of R? = 0.938, Squared error of esti-
mate = 74.392.

Table 4. Analysis of variance of the equations representing the production of a-amylase by Aspergillus niger ATCC 16404.

Source Sum of squares degrees of freedom Mean of squares Etbs P

Regression 2187769.357 20 109388.468
19.767 0.000
Residual 143877.653 26 5533.756

Table 5. a-amylase coordinates and production rate at the X, stationary point.

Factors The X, stationary point Coordinates a-amylase production rate at the stationary point
D Xi0 =2.072 107
E Xa0 = —4.391107"
G X3 = —5.183107 Y =658.40 IU
J X4 = 6.350 107"
B Xso = —4.66571072
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Figurel. Response surface plot for the production of a-amylase by Aspergillus niger ATCC16406. (a) Effect
of yeast extract and Salts, (b) Effect of starch and salts, (c) Effect of CaCl, and pH, (d) Effect of yeast extract
and CacCl,, (e) Effect of CaCl, and salts, (f) Effect of salts and pH.
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Figure 3. Plot of x1, -+, X5 as a function of R for absolute maximum ridge.

Table 6. Optimal solutions of the coded co-ordinates and the corresponding actual values.

Factors Coded co-ordinates Optimal values Real optimal values Unit
B (pH) Xso = 1.19 5.68
D (starch) X1 = ~0.206 8.97 gl
E (yeast extract) Xa0 = 0.86 2.86 g/l
G (CaCl, X0 = 1.12 1.224 gl
J (salts): 0.6072 g/l
FeSO,-7H,0 (25%) = Xg0 = 1.48 0.1518 g/l
MnSO, (25%) = ¥ [J] 0.1518 g/l
MgCl,:6H, O (50%) = 1/2 [J] 0.3036 gll
After optimization
Predicted Experimental
1267.5 1U 1345, 16 + 150 1U

This study has made it possible to define the optimal value of the pH (5.68) for the production of a-amylase
of A. niger. This value is close to 5.5 - 6, which is brought by the bibliography for a-amylase of A. niger and A.
oryzae [17] [18].

The starch optimal value is 8.97 g/l, which corroborates the value found by Spencer-Martin [19] for the pro-
duction of yeast Lipomyces kononenkoaeau a-amylase. However, other studies advocate different values: 4 g/l
for Schwanniomyces castelii a-amylase [20], 10 g/l for B amyloliquefacians a-amylase [21] and Pseudomonas
sp a-amylase IMD. 355 [22]; 20 g/l for a-amylase of B. thermooleovorans [23], 50 g/l for the same Halomonas
meridiana enzyme [24]. Concerning the yeast extract, we have noticed a wide range in the bibliography: 1 g/l
[25], 3 g/l [26], 5 g/l [22], 10 g/l [21]. The same applies to CaCl,, 0.12 g/l [25], 1 g/l [26]. A similar observation
is made for salts concentration: FeSO, (0.1 g/l) [27], MnSO,4 (0.1 g/l) [27] or 0.4 g/l [21], MgCl, (0.2 g/1) [28].
These differences are explained by the diversity of the medium constitution used for each case and also by the
corresponding micro-organism. Nevertheless, the concentrations dealt with in this study fits well the range indi-
cated in the bibliography.

3.2. Model Validation

The study of the a-amylase production by Aspergillus niger ATCC16404 was performed on the optimized me-
dium in shake Erlenmeyer flasks. The maximum production of a-amylase using a statistical model is 1345, 16
IU £ 150 IU. This is obviously in close agreement with the model prediction which is 1267.5 U 1U. After opti-
mization, the a-amylase production has doubled (Table 6).
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4. Conclusions

What emerges from this study is that orange waste constitutes a suitable fermentation medium for the growth of
Aspergillus niger ATCC 16404 and for the a-amylase production.

The previously selected factors optimum is determined by the central composite design of which the results
are as follows: starch 8.97 g/l; yeast extract 2.68 g/l; CaCl, 1.224 ¢/l; FeSO, 0.1518 g/l; MnSO, 0.1518 g/I;
MgCl,, 0.3036 g/l, and pH = 5.68.

The optimal reactions have allowed us to get an acid a-amylase (as an instance) of 1267.5 IU, i.e. an increase
twice that in the initial activity (658.40 1U, Table 5).
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