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Optimization of Solid-state Fermentation Conditions
for Beauveria bassiana BbIII22
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( Hu’ nan Provincial Key Laboratory of Forestry Biotechnology Central South University of Forestry
&Technology Changsha 410004 China)

Abstract: The fermentation conditions for Beauveria bassiana Bb 122 were optimized. At first the opti-

mal matrix formula corn flour concentration water contentration inoculation fermentation temperature and
fermentation time were determined by single factor experiments. By using Box-Behnken experimental design

and response surface analytical methodology the optimum fermentation conditions were obtained: Corn flour 8.

22 g/L. water content 38% inoculation 10. 5% temperature 25.7 °C. Under these conditions the sporula—

tion of BbII22 was 10.578 x10” in per garm being increased by 2 times compared with that before optimization.
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Box-Behnken
1
1.1
BbIl22 0
: PDA 200 ¢ 20 g 20 g 1 000 mL,
o =10% lg lg 4 ¢ K,HPO, 0.1 g MgSO, 0.1 ¢
KCI 0.1 ¢ 200 mlL. 1.
1
Tab.1 Proportion of solid compost
Number Compost and proportion /g Weight /% Water content
A 50 40
B m( ) :m( ) = m( ) =2:4:4 50 40
C m( )+ m( ) :m( ) =1:3:6 50 40
D m( ) :m( ) :m( ) =3:3:4 50 40
E m( ) m( ) m( ) =2:4:4 50 40
F m( ) = m( ) =4:6 50 40
G m( ) s m( ) =4:6 50 40
1.2
1.2.1 250 mL 50 mL
40 mL 10 pL o 170 r/min
25 C 96 h.
1.2.2
4 121 C 30 min 3 0
1.2.3 (1) o 5 1 50 ¢
40% 10% 250 mL 25 C 9d
3 . (2) . 5
5 10 15 20 25 ¢/L
- (3) o 5
35% 40% 45% 50% 55% - (4) o 5
10% 15% ~20% 25% ~30% 250 mlL - (5)
0 5 N N
250 mL 23 24 25 26 27 C o (6)
° 5 N N
250 mL (5) 6789
10 d °
1.2.4 ( 2) Box-Be-

hnken BbI[22
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Tab.2 Factors and levels of response surface experiment
Factors
Levels A (gL B /% C % D /C
Corn flour Water content Inoculum ratio Temperature
-1 5 30 5 23
0 10 40 15 25
1 15 50 25 27
1.2.5 (1) o 1/1 000 5¢g 250 mL
150 mL 0.1% 80
o (2) o 0.1% 80
20 ~30 40 pL. 25 C 48 h
1.3
Design¥xpert 8 DPS =,
2
2.1
2.1.1 3 B.D.E 3
1.367 x10° /g 2.634 x10° /g 1.163 x10” /g D
. G
o A.F
C N o
96 % o
3
Tab.3 The filter of solid substrate fermentation
/( x10° e g™ /%
Compost and proportion Numbers Sporulation Rate of spore survival
A — —
m( ) sm( ) im( ) =2:4:4 B 1.367 £0.101b 96.48 +1.13a
m( )t m( )t m( ) =1:3:6 C 0.533 £0.037c 98.33 £0.08a
m( ) sm( ) im( ) =3:3:4 D 2.634 £0.081a 97.25 +£0.23a
m( ) =m( ) :m( ) =2:4:4 E 1.163 +£0.042b 99.63 +0.60a
m( )im( ) =4:6 F — —
m( ) im( ) =4:6 G 0.731 +£0.033¢ 98.50 +0.81a
(P=0.01),
Data in the table followed with different letters are significantly different at P =0.01.
2.1.2 BbIl22 D
5 10 15 20 25 ¢/L 1. 10 ¢/L 6.33 x 10’ /g
0 10 ¢/L.
2.1.3 Bb 22

40%
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Fig. 1 Effect of corn flour contentration Fig.2 Effect of water contentration
on sporulation of BbIl[22 on sporulation of BbIl[22
40% o
2.1.4 BbIl22 Bb1l22 ( 3):
15%
7.28 x10° /g . ; :
15% o
2.1.5 Bb IM22
- 8
=] —
10 g/L E 7 ] -
40% 15% g 6 - ]
7 s
4, 23 C o0 i
27 C g ,
i)
2 1
L 9
10 15 20 25 30
’ B KA
25 C. Inoculation
2.1.6 Bb IT22 3 Bb 22
10 ¢/L Fig.3 Effect of inoculation on sporulation of Bb[[[22
40% 15% 25 C 5.
9d 9d 0
9d 9
d 0
2.2
Box-Behnken
Box-Behnken 4 Design¥xpert 8 4
BbI22 N N

Y=9.80-0.374+0.49B -0.22C +1.08D +0. 16AB +2. 12AC + 1. 15AD +2. 50BC +0. 035BD —-1. 35CD -

1.294% —1.70B* =2.08C* - 1. 79D"

0.000 1 a=0.01
91.25%

5 P, <
R*=0.9125
R}, =0.825 1
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Fig.4 Effect of fermentation temperature Fig.5 Effect of fermentation time
on sporulation of BbIl[22 on sporulation of BbIl[22
4
Tab.4 Design and results of response surface experiments
A /(g L™ B 1% C /% D /1°C Y (x10°  <g™)
Number Corn flour Water content Inoculum ratio Temperature Sporulation
1 -1 0 0 1 7.56
2 0 1 0 -1 5.51
3 -1 0 -1 0 8.82
4 0 0 -1 -1 3.85
5 0 -1 0 4.81
6 0 -1 1 7.43
7 0 0 0 9.69
8 -1 -1 0 0 6.77
9 1 -1 0 0 4.68
10 0 0 0 0 9.93
11 -1 1 0 0 7.16
12 0 0 0 9.84
13 0 0 0 0 9.78
14 -1 0 1 0 4.28
15 0 1 -1 0 4.55
16 0 -1 0 -1 4.27
17 0 0 1 -1 5.68
18 0 -1 -1 0 8.62
19 0 1 0 1 8.88
20 -1 0 0 -1 7.56
21 0 0 1 1 3.85
22 0 0 0 0 9.77
23 1 1 0 0 5.73
24 0 1 1 0 9.43
25 1 0 0 1 9.17
26 1 0 0 -1 4.57
27 0 -1 1 0 3.49
28 0 -1 0 1 7.5
29 1 0 1 0 8.73
17.49% . 5 (P <0.05)
D AC\AD.BC  CD A*\B*.C* D
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5
Tab.5 ANOVA of quadratic polynomial model

F P
Source Sum of squares ¥ Mean square F Value Prob > F Significance
Model 126.06 14 9.004 3 10.432 8 <0.000 1 dok
A 1.657 6 1 1.657 6 1.920 6 0.187 5
B 2.930 4 1 2.930 4 3.395 3 0.086 7
C 0.5720 1 0.572 0 0.6628 0.429 2
D 13.975 2 1 13.975 2 16.192 3 0.001 3 sok
AB 0.108 9 1 0.108 9 0.126 2 0.7277
AC 17.892 9 1 17.892 9 20.731 5 0. 000 5 dok
AD 5.290 0 1 5.29 6.129 2 0. 026 7*
BC 25.050 0 1 25.050 0 29.024 0 < 0.000 1 sok
BD 0.004 9 1 0.004 9 0. 005 7 0.941 0
cD 7.317 0 1 7.317 0 8.477 8 0.011 4 *
A 10. 824 9 1 10. 824 9 12.542 1 0.003 3 ok
B 18.703 7 1 18.703 7 21.670 9 0. 000 4 ok
c 28.045 1 1 28.045 1 32.494 3 <0. 000 1 dok
D? 20.855 0 1 20.855 0 24.163 5 0.000 2 dok
Residual 12.083 1 14 0.863 1
Lack of fit 12.051 2 10 1.205 1 151.207 3 0.000 1 ok
Pure error 0.0319 4 0.008 0
Cor total 138.143 1 28
R*=0.9125 R}, =0.825 1 * (P<0.05) o (P<0.01) .
* Significant at 0.05 level ** significant at 0.01 level.
Design-Expert 8 ( 06
o A.B.C.D
4 (AB.C.D) ( -
0.354. —0.191. —0.447.0.344) 8.22% 38.09% 10.53% 25.69 C
10.817 x10” /g 8.22% 38% 10.5%
25.7 C.
2.3
5
10.43 x10°  /g.10.48 x10°  /g.11.33 x10°  /g.10.26 x10°  /g.10.39 x10° /g
10.578 x10° /g 10.817 x10° /g
3
Bb1l22 D
m( ) m( ) m( ) =3:3:4 D . .
(5~15) g/L30% ~50% +15%
~25% (23 ~27) C.
Box-Behnken Bb 122

8 g/L 38%
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Fig.6 Response surface and contour map of spore output of two factors interaction
10.5% 25.7 °C 10.578 x10° /g (2.634 £0.081)
x10° /g 2 o
" 4.16 x10° /g
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