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Optimization of fermentation process for L-malic acid with xylose by
Aspergillus parasiticus CICC40365
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Abstract: [Objective] To increase the yield of L-malic acid and the utilization rate of xylose, the
Aspergillus parasiticus CICC40365 was used as the strain to produce L-malic acid with xylose, and
the fermentation technology in shake flask was investigated in the work. [Methods] The medium
components and fermentation conditions were optimized through single factor experiments and re-
sponse surface methodology. [Results] The optimal medium components were as follows: the xylose,
(NH4),SO,, yeast extract powder, MgSO4, MnSO4-H,0, FeSO4-7H,0 and CaCO5; were 100.0, 2.0,
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3.0, 0.20, 0.15, 0.08 and 80.00 g/L, respectively. The yield of malic acid from the optimal condition
was 53.58 g/L and it was 40.5% higher than that of original condition. The reasonable fermentation
conditions were inoculum ratio 8% (V/V), the liquid volume in the shake flask 60 mL/250 mL, fer-
mentation temperature 32 °C, rotation speed 170 r/min, leading to the 55.47 g/L yield of L-malic ac-
id. Meanwhile, the effect of Mg®", Mn®" on the relative enzymes in the xylose metabolism indicated
that the xylulokinase played an important role in the process of xylose metabolism. [Conclusion]
The xylose can be better utilized to produce L-malic acid through fermentation with Aspergillus pa-
rasiticus CICC40365, and the yield of L-malic acid and utilization rate of xylose were improved ef-

fectively through this experiment.

Keywords: Aspergillus parasiticus, Xylose, L-malic acid, Response surface methodology, Xylulokinase
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2.2 o5z ER G 222 [OEFERMEIREREMRE.:
221 MEEIRKEERS D Design-Expert
4 Box-Behnken ¥=53.35-0.96X,+1.74X,—0.12X5+0.54X,~0.50X,.X;
1 +1.13X,.X3-0.75X, X4 +1.47X,X3+0.93.X,X,—0.80.X3.X4
1 Box-Behnken  —2.30X,>-3.97.X,>—4.12X;>-4.82X,>
2 3

F1 EHFEMENEREZRKFREGR

Table 1 Factors and levels in the response surface analysis for optimizing medium composition

Coded levels
Code Factors (g/L)
-1 0 1
X MnSO, 0.10 0.15 0.20
X FeSO4-7TH,O 0.05 0.08 0.10
X; Yeast extract powder 2.00 3.00 4.00
X4 (NH4)2S04 1.50 2.00 2.50

% 2 Box-Behnken H/LEESREIKITAESER

Box-Behnken central composite design matrix and corresponding experimental results

Number X X, X X4 L- Yield of L-malic acid (g/L)
1 1 0 0 1 45.20+0.37
2 0 -1 0 -1 42.85+0.29
3 0 -1 0 1 42.47+0.45
4 0 0 0 52.75+0.35
5 0 1 0 -1 44.17+0.44
6 0 0 0 0 53.63+0.61
7 1 1 0 0 47.50+0.58
8 -1 0 0 1 47.85+0.49
9 1 0 1 0 46.17+0.29
10 0 0 -1 1 46.16+0.38
11 -1 -1 0 0 45.52+0.61
12 0 1 0 1 47.49+0.64
13 0 1 1 0 48.73+0.27
14 -1 1 0 0 50.19+0.42
15 0 0 1 -1 44.14+0.35
16 -1 0 1 0 46.82+0.27
17 0 -1 1 0 42.17+0.42
18 0 1 -1 0 46.16+0.71
19 1 -1 0 0 44.83+0.55
20 1 0 -1 0 44.15+0.36
21 -1 0 0 -1 46.52+0.31
22 0 0 0 0 53.66+0.66
23 -1 0 -1 0 49.31+0.47
24 0 -1 -1 0 45.50+0.38
25 0 0 1 1 44.45+0.68
26 0 0 -1 -1 42.65+0.43
27 0 0 0 0 53.04+0.52
28 1 0 0 -1 46.87+0.34
29 0 0 0 0 53.67+0.54
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Table 3 Analysis of variance for the fitted quadratic regression equation

F P
d
Source of variance Sum of squares 4 Mean square F value P-value (Prob>F)

Model 340.62 14 24.23 49.17 <0.0001
X 11.00 1 11.00 22.24 0.0003
X> 36.40 1 36.40 73.57 <0.0001
X; 0.18 1 0.18 0.35 0.5613
Xy 3.43 1 3.43 6.94 0.0196
XiXp 1.00 1 1.00 2.02 0.1770
XX 5.09 1 5.09 10.28 0.0063
XiXy 2.25 1 2.25 4.55 0.0512
XX 8.70 1 8.70 17.59 0.0009
Xo Xy 3.42 1 3.42 6.92 0.0198
X:X, 2.56 1 2.56 5.17 0.0392
X2 34.41 1 34.41 69.55 <0.0001
X22 102.34 1 102.34 206.84 <0.0001
ng 110.02 1 110.02 222.35 <0.0001
X4 150.51 1 150.51 304.21 <0.0001
Residual 6.93 14 0.49

Lack of fit 6.19 10 0.62 3.38 0.1259

Pure of error 0.73 4 0.18
Cor total 347.55 28

3 P<0.000 1 X X X' X4 L-
P>0.05 X1 X4 L-
R*=0.980 1
9—-12
L- L-
XX Xo XX X0Xs XXy XX -7
B L-Malic acid
4.00 = —
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3.00 s p -
2,50 g |3 . '
) 2.00 0.10 0.10 0.13 0.15 0.18 0.20

powder MnSO,-H,0 MnSO,-H,0

9 EEHI MnSO, H,0 FR2KE X L-3ERE 2 /YN0 5L (A)F1E 5 2 (B)
Figure 9 Response surface (A) and contour plots (B) for the interactive effects of yeast extract powder and MnSO,-H,O
on yield of L-malic acid
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