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Optimization of Lnulinase Fermentation by Aspergillus niger X-6 Using Response Surface Methodology
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Abstract: The objective of this study was to obtain the optimum conditions for Aspergillus niger X-6 fermentation to
improve inulinase yield. The effects of the amounts of wheat bran, inulin, peptone and yeast extract in the fermentation
medium, fermentation time and temperature, pH, and inoculum size on inulinase yield were evaluated using Plackett-
Burmen design. Inulinase yield was significantly influenced by the amount of wheat bran addition, fermentation time and
pH. Subsequently, the optimization of the three factors was conducted using Box-Behnken experimental design and
response surface methodology, in which, a quadratic polynomial model for inulinase yield was established. The optimal
fermentation conditions for inulinase prodtion were determined to be: the amount of wheat bran addition, 4.64%; fermen-
tation time, 81.5 h; and initial mdedim pH 6.0. Under these conditions, the yield of inulinase reached 20.42 U/mL, 30.81%
higher than that before optimization.
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Table 1 Factors and levels in Plackett-Burman design
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Table 2 Factors and levels in Box-Benhnken design
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Table 3 Plackett-Burman design layout and experimental results

MBS Xi X Xs X Xs Xo Xo X Xo Xwo T3 /(UImL)

1 1-1 1 -1-1-1 1 1 1 -1 9.27
2 1 1-1 1-1 -1-1 1 1 1 8.98
3 -1 1 1 -1 1 -1-1-1 1 1 8.15
4 1-1 1 1-1 1-1-1-1 1 6.66
5 1 1-1 1 1 -1 1-1-1 -1 5.70
6 11 1 -1 1 1-1 1-1 -1 12.5
7 -1 1 1 1-1 1 1-1 1 -1 7.27
§ -1-1. 1 1 1 -1 1 1-1 1 14.45
9 -1-1-1 1 1 1-1 1 1 -1 15.79
10 1-1-1 -1 1 1 1-1 1 1 5.22
17 -1 1-1-1-1 1 1 1-1 1 10.06
2 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 6.60
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Table 4 Variance analysis for Plackett-Burman experimental results

TERI Al I Loy F A Pr>F &M

X 1 16.31001 16.31001 5259879 0.027741 *
Xe 1 2367408 2.367408 76.34749 0.072543

Xa 1 2950208 2.950208 95.14243 0.06504

Xa 1 4141875 4.141875 133573 0.054947

Xs 1 14.01841 14.01841 452.0852 0.029919 *
Xs 1 1576875 1.576875 50.85327 0.088695

X 1 3.752008 3.752008 121 0.057716

Xs 1 8242521 8242521 2658.163 0.012346 *
Xo 1 0138675 0.138675 4.472185  0.212

X0 1 1.086008 1.086008 35.02311 0.106566
R 10 128.7667 12.87667 415.2648 0.038172  *
PRI 1 0.031008 0.031008

eyl 11 128.7977

e« Z W (P <0.05).
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Table 5 Box-Benhnken design layout and experimental results

W X1 X2 Xs B35 77 1(UImL)
1 -1 -1 0 17.98
2 -1 1 0 16.88
3 1 -1 0 18.69
4 1 1 0 16.81
5 0 -1 -1 9.06
6 0 -1 1 13.98
7 0 1 -1 9.75
8 0 1 1 11.16
9 -1 0 -1 10.06
10 1 0 —1 12.12
11 -1 0 1 14.01
12 1 0 1 14.89
13 0 0 0 19.89
14 0 0 0 20.17
15 0 0 0 20.19

T L SASO.0 G vl # kX 3R 5 (i E6 45 kAT £ ot vl
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0.355417X:* — 0.195X:Xz: — 0.295X:Xs — 2.137917X7 —
0.8775X2X: — 6.957917X3

R6 TESWR

Table 6 Variance analysis for Box-Benhnken experimental results

JERIAME PR )5 P Pr>F WM

Xi 1 1.60205 1.60205 9.687768 0.026475  *
Xe 1 3.264013 3.264013 19.73783 0.006748  **
Xs 1 21.28781 21.28781 128.7297  0.0001  **
X2 1 0.466416 0.466416 2.820468 0.153906
XiXe 1 0.1521 0.1521  0.919765 0.381582
XiXs 1 0.3481 0.3481  2.104998  0.20652
X7 1 16.87639 16.87639 102.0533 0.000163  **
X2X3 1 3.080025 3.080025 18.62524 0.007602  **
X3 1 178.7542 178.7542 1080.946  0.0001  **
st 9 218.3523 24.26136 146.711  0.0001  **
—KI 3 26.15388 8.717958 52.71843 0.000331  **
RT3 188.6182 62.87272 380.198  0.0001  **
THW 3 3.580225 1.193408 7.216668 0.028897  *
K 3 0.770575 0.256858 9.130036 0.100318
R 5 0.826842 0.165368
eyl 14 219.1791

e » ZEREBEP <0.05); . ZRREFEP <0.01).

R 6 Al 50, R RMIA 23 (P=0.100318 >
0.05), ULHHFFEA KA. J7 FEAE A A 1 2% (P=0.0001 <
0.01), UEWIJ7FEREMAR F I AU RIS 25 L . TR A, 4K
PRI BT A3 BRI () e s R R2=0.9962, 1 H 1 Fft 2 1
SR G ) BT #5210 3 MR FE AN 0.38% 5 £l
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