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Metarhizium solid-state fermentation optimization by response
surface analysis

ZHANG Jing-Di CAI Ming-Mei LIU Zhi-Cheng CHEN Jie"

(College of Agriculture and Biology, Shanghai Jiao Tong University, Ministry of Agriculture Key Laboratory of Urban
Agriculture in the South, State Key Laboratory of Microbial Metabolism, Shanghai 200240, China)

Abstract: [Objective] In order to improve the yield and quality of the Metarhizium conidia spores,
response surface design was used to optimize the medium components for solid fermentation of the
Metarhizium anisopliae CY-1. [Methods] On the basis of one-factor experiment, medium
components were optimized by the response surface design. [Results] The carbon and nitrogen
sources were added to the best solid fermentation medium, which also contained cornmeal and rice
husk (8:2, W/W), water ratio 1:0.8, 0.8% glucose, 2.5% ammonium sulfate, 0.8% KH,PO,. In the
optimized solid fermentation medium, the theory of spores production was 7.45x10° CFU/g, and the
validation was actually 6.94x10° CFU/g. [Conclusion] The response surface method was applied to
optimize the components of solid fermentation medium of the M. anisopliae, and the spores powders
were obtained, which laid a foundation for the research of the control the underground soil borne
pathogens and insect pests and the research of the powder preparation and processing.
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PDA PD ol
ZFD-5430
ZHJH-1109B
OLMPUS-CX41
(5] ZHWY-2102C

1.2 FEFRERREEFGMHMRL

1.2.1 &IEEFRMEL: 0.1%
80 PDA 7d
1x10"  /mL
PD 25°C 180 r/min 48 h
1.2.2 EBEFMEL: 1
[6] 300 mL 1x10° Pa

F1 ERERET

Table 1 Solid culture Recipe

Treatments Formula Dosage (g) Water content (mL)

A : =8:2 50 25

=5:4:1 50 25
C =5:4:1 50 25
D =8:2 50 25
E =5:4:1 50 25
F =5:4:1 50 25
G =8:2 50 25
H =8:2 50 25
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30 min 5mL pH 7.0
6.5 28 °C
3 10d 4 3 (2
Box-Beknhen
= = U R [8]
123 SEEKEFRBRRIBEIFERIL: 3
2 MEEREEZRSKTER
=82 Table 2 Factors and levels of response surface
' experiment
Levels
Factor =l 0 1
K,HPO, KH,PO, MgSO4 X4 Glucose.( %) 1.2 1.0 0.8
X, Ammonium sulfate (%) 2.5 2.0 1.5
X3 Potassium dihydrogen 12 10 0.8
124 R RERE LB &4 phosphate (%) ' ' '
X4 Water ratio 1:1 1:09 1:0.8

Design Expert

% 3 Box-Behnken 3EI51& 11 FA%5 R

Table 3 Design and results of Box-Behnken

Xi X2 X3 X4
Test number Carbon source (%) Nitrogen source (%) Inorganic salt (%) Water content (%) Sporula';lon number
(x10” CFU/g)
1 =1 -1 0 0 4.27
2 1 -1 0 0 2.78
3 1 1 0 0 4.18
4 1 1 0 0 5.07
5 0 0 =l =l 1.87
6 0 0 1 =1 5.78
7 0 0 =l 1 6.08
8 0 0 1 1 5.88
9 -1 0 0 -1 2.13
10 1 0 0 =I 5.38
11 =1 0 0 1 8.03
12 1 0 0 1 4.95
13 0 =1 =l 0 3.08
14 0 1 -1 0 3.65
15 0 =I 1 0 3.99
16 0 1 1 0 3.65
17 =1 0 =l 0 4.98
18 1 0 1 0 2.93
19 =1 0 1 0 4.88
20 1 0 1 0 6.08
21 0 -1 0 -1 3.18
22 0 1 0 =I 3.05
23 0 =1 0 1 4.96
24 0 1 0 1 6.93
25 0 0 0 0 2.75
26 0 0 0 0 2.78
27 0 0 0 0 2.85
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Figure 1 Effect of carbon source on spore production of M.

anisopliae
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Figure 3 Effect of inorganic salt on spore production of M.
anisopliae
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P<0.000 1

>

Y=2.79-0.11X,+0.36X,+0.64X3+1.29X,+0.59X, X, +
0.81X;X3—1.58X;X4—0.23X,X34+0.52X,X4—1.03X3 X4+
1.07X,240.21X,%40.72X3%+1.39X,>
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Design-Expect

Xi=0.8 X;=2.5 X;=0.8 X4=1.25
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Table 4 The ANOVA of regression equation on the response surface
F

Sources Sum of squares Degrees of freedom Mean squares F values P>F Significant
Model 59.83 14 4.27 22.12 <0.000 01 e
Xi 0.14 1 0.14 0.17 0.417 0 Ns
Xz 1.52 1 1.52 7.86 0.0159 &
X3 4.90 1 4.90 25.37 0.000 3 et
X4 19.87 1 19.87 102.82 <0.000 1 ot
XiXa 1.42 1 1.42 7.33 0.019 1 &
XiX3 2.64 1 2.64 13.67 0.003 1 &
Xi X4 10.02 1 10.02 51.84 <0.000 1 e
XoX3 0.21 1 0.21 1.07 0.3210 Ns
XoXs 1.10 1 1.10 5.71 0.034 2 &
X3Xs 4.22 1 422 21.86 0.000 5 et
X 6.12 1 6.12 31.65 0.000 1 g
Xo? 0.24 1 0.24 1.24 0.2870 Ns
X3 2.76 1 2.76 14.29 0.002 6 &
X4 10.32 1 10.32 53.39 <0.000 1 ot
Residual 2.32 12 0.19

Lack of fit 2.31 10 0.23 87.85 0.0513

Pure error 5.63E-03 2 2.63E-03
Cor total 62.15 26

* (P<0.05) ** (P<0.001) Ns . R’=0.962 7 RAdj2:0.919 2.

Note: *: Significant difference (P<0.05); **: Extremely significant; Ns: Non-significant. Determination coefficient is R*=0.962 7; Adjusted
determination coefficient is RAdj2:0.919 2.

0.8% 2.5% 0.8% 4
1:0.8 6.94x10° /g
7.45x10° /g

7.45x10° /g

2.3 HEBAYIGIIE
=8:2 50 g 0.8% pH

2.5% 0.8% 1:0.8 300 mL

pH 6.5 28°C 10d
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Figure 4 The effect of two factor interactions on the formation of M. anisopliae conidiumon
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