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Optimization of Fermentation Conditions of Beauveria bassiana Using Waste
Tobacco Stem as Fermentation Substrate with Response Surface
Methodology
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GU Mengmeng', XI Yu', ZHU Daheng'”
(1. College of Life Sciences, Zhengzhou University, Zhengzhou 450001, China; 2. College of Pharmacy, Huazhong University of
Science and Technology, Wuhan 430074, China)

Abstract: In order to realize the resource utilization of waste tobacco stems and improve the application status on waste tobacco
stem, using waste tobacco stem as fermentation substrate, and the production of Beauveria bassiana as response value, the
fermentation process of Beauveria bassiana was optimized using the response surface methodology (RSM). Through
Plackett-Burman (PB) design, the most significant factors affecting the production of Beauveria bassiana using waste tobacco stem
as fermentation substrate were identified. Based on the results of the Plackett-Burman (PB) experiment, the steepest ascent
experiment was used to approach the optimal region, and the mathematical model of optimization of Box-Behnken Design (BBD)
response surface was established to determine the optimal conditions. The results showed that when the incubation time was 9.40
days, concentration of peptone and yeast powder was 1.21% and 1.03% respectively, the prediction spore yield of Beauveria
bassiana was 1.17x10'%/g, the actual spore yield was 1.13x10'%g, and the fitting degree was 96.58%. Therefore, the optimal
fermentation conditions from RSM are reasonable, and have practical application value in microbial prevention and control and the
comprehensive utilization of waste tobacco stems.
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1 Plackett-Burman B—
Table 1 Factors and levels in Plackett-Burman Design V.
Code Factor Level
-1 +1 m—
Xi 1% 5 10
X, /d 5 10 1.5
X; Y% 0 0.2 .
X, % 0 05 SPSS 19.0  Design-Expert 8.0.6
Xs /% 0 0.5
Xs NH4NO3/% 0 0.5
X7 NaH,PO4/% 0 0.2
X MnSO4/% 0 02 2
X FeSO4/% 0 0.2
2.1 Plackett-Burman
1.43 PB
3 2.1.1 Plackett-Burman
4 4
X2 X4 X5
3
PB 5
3 Table 2 Design of Steepest Ascent Experiment
2 Experimental Incubation Peptone/% Yeast powder/%
. time/d
1.4.4 BBD-RSM Design Box-Behnken %rouP lmg 3 3
: 2 7 0.5 0.5
Design PB 3 0 07 07
Box-Behnken Design 4 9 09 0.9
0 ¢ ¢ esig 5 10 1.1 1.1
3 6 11 1.3 1.3
7 12 1.5 1.5
3
1.4.5 3 Box-Behnken
. Table 3 Factors and levels in Box-Behnken Design
0.5 % 80 70 mL 28 C.
Level
Factor
180 r/min 20 min - -1 0 !
e 7 9 11
25 Incubation time/d
/%
0.5 0.9 1.3
=16 Peptone/%
/0
=50000<4>< B> V/m § 0.5 0.9 13
Yeast powder/%
A—S5
4 PB
Table 4 Design and results of Plackett-Burmant Design
Experimental group X X, X; X X;s Xs X7 Xg Xo Spore yield/(10%-g™)
1 1 1 -1 1 1 1 -1 -1 -1 8.94
2 -1 1 1 -1 1 1 1 -1 -1 8.14
3 1 -1 1 1 -1 1 1 1 -1 8.02
4 -1 1 -1 1 1 -1 1 1 1 3.78
5 -1 -1 1 -1 1 1 -1 1 1 3.42
6 -1 -1 -1 1 -1 1 1 -1 1 6.76
7 1 -1 -1 -1 1 -1 1 1 -1 3.30
8 1 1 -1 -1 -1 1 -1 1 1 1.67
9 1 1 1 -1 -1 -1 1 -1 1 7.28
10 -1 1 1 1 -1 -1 -1 1 -1 4.99
11 1 -1 1 1 1 -1 -1 -1 1 7.59

12 -1 -1 -1 -1 -1 -1 -1 -1 -1 4.21
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2.1.2 Plackett-Burman

5 [24]
-1 +1
[25]
P 0.0013
NH4NO3
NaH;POs MnSO4 FeSO4 P
0.05 NH4NO3; NaH;PO4
MnSOs FeSOg4
P
3
5 PB
Table 5 Statistical analysis of Plackett-Burman design
1% /% P
Factor Effect/%  Contribution/% P Value
Model — — 0.0013
Xi Inoculum concentration6.51 2.03 0.007
X2 Incubation time 42.23 85.54 0.0002
X3 Glucose 0.59 0.017 -
Xy Peptone 8.8 3.72 0.0038
Xs Yeast powder 9.22 4.07 0.0035
X NH4NO; 6.39 1.96 0.0073
X7 NaH,POy4 2.7 0.35 0.0387
Xs MnSOy4 -3.94 0.74 0.0188
Xy FeSOy4 4.49 0.97 0.0145
2.2
PB
3
1
1
3 4

7.5

6.5

Spore yield/

(10g"

5.5

4.5

2 3 4 5

6 7

Experimental group

P 0.05

Note: Values of spore yield marked by different lowercase letters in the
graph indicate significant difference at the level of P<0.05.

1

Fig. 1 Results of Steepest Ascent Design
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6 Box-Behnken
Table 6 Experimental design and results of Box-Behnken

Box-Behnken
PB
C
17
5

Design
Spore yield/(10°-g™)

Experimental 4 B c
group Experimental ~ Predicted

value value
1 -1 -1 0 7.69 7.92
2 1 -1 0 8.52 8.66
3 -1 1 0 9.22 9.09
4 1 1 0 10.76 10.53
5 0 0 0 10.84 11.34
6 1 0 -1 949 9.45
7 -1 0 1 8.71 8.75
8 0 0 0 11.09 11.34
9 0 -1 -1 9.58 9.49
10 0 1 -1 10.56 10.83
11 0 0 0 11.09 11.34
12 0 1 1 11.32 11.41
13 -1 0 -1 8.58 8.44
14 0 0 0 10.89 11.34
15 0 -1 1 9.98 9.71
16 1 0 1 9.80 9.94
17 0 0 0 10.89 11.34
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2.3.2 1%
7 P 0.0003
Y=11.34+0.554+0.76 B+0.20C+0.184B+0.0454C+ R?>  0.9637
.090BC-1.754%-0.54B-0.44C?
0.090BC-1.754--0.5 0.44C 354 9
Y 10° /g A B
C /d 1%
7
Table 7 ANOVA for Box-Behnken Design
. F P o
Source of variance Sum of square Degree of freedom Mean of square Significance
23.51 9 2.61 20.67 0.0003 Hkk
Model
A 2.39 1 2.39 18.89 0.0034
B 4.64 1 4.64 36.68 0.0005
C 0.32 1 0.32 2.53 0.1556
AB 0.13 1 0.13 1.00 0.3513
AC 0.007 1 0.007 0.064 0.8074
BC 0.032 1 0.032 0.26 0.6282
A2 12.95 1 12.95 102.46 <0.0001
B? 1.22 1 1.22 9.67 0.0171
C? 0.82 1 0.82 6.49 0.0383
Residuals 0.88 7 0.13
Lack of fit 0.34 3 0.11 0.85 0.5341 ns
Pure error 0.54 4 0.13
Total 24.40 16
R’-0.9637 R%,;-09171 R?,.,-0.9393
Adeq Precision-12.813 C.V. %-3.54
*¥*%  P<0.001 ns Note: ***  P<0.001. ns means no significance.
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Fig. 2 Surface and contour plot showing interactions between
incubation time (A) and peptone concentration (B) on spore
content of Beauveria bassiana
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Fig. 4 Surface and contour plot showing interactions between
peptone concentration (B) and yeast powder concentration (C)
on spore content of Beauveria bassiana
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