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Table 1. Elemental analysis of carbon sources used in this study.

Carbon source C (%) H (%) N (%) S (%)
Sugar Cane molasses (SCM) 32.61 6.06 1.88 0.71
Wheat bran (WB) 415 6.19 2.78 0.19
Oat (OA) 42.3 6.73 2.58 ND
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Table 2. Minimum and maximum values of the main parameters in the experimental design

Level Oat Corn syrup Wheat bran Sugar cane molasses
OA (%) CS (%) WB (%) SCM (%)

-1 0.3 1.0 0.3 0.6

0 0.6 3.0 0.6 0.8

+1 0.9 5.0 0.9 1.0
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Table 3. Experiment runs designed by central composite design (CCD)

Std run Main parameters level Response
Oat Cornsyru Wheat bran Sugar cane molasses
OA sy WB o CFU value
1 -1 -1 -1 -1 7.421
2 +1 -1 -1 -1 4.7%
3 -1 +1 -1 -1 5.86
4 +1 +1 -1 -1 412"
5 -1 -1 +1 -1 1.321
6 +1 -1 +1 -1 9.12%
7 -1 +1 +1 -1 0.92"
8 +1 +1 +1 -1 7.39
9 -1 -1 -1 +1 8.36"
10 +1 -1 -1 +1 5.121
11 -1 +1 -1 +1 6.38
12 +1 +1 -1 +1 4.68"
13 -1 -1 +1 +1 158"
14 +1 -1 +1 +1 0.421
15 -1 +1 +1 +1 1.1
16 +1 +1 +1 +1 8.8%
17 0 0 0 0 2.9
18 -1 0 0 0 3.08"
19 +1 0 0 0 1.8"
20 0 -1 0 0 3.541
21 0 +1 0 0 2.121
22 0 0 -1 0 5.441
23 0 0 +1 0 0.65"
24 0 0 0 -1 2.631
25 0 0 0 +1 331t
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Table 4. The analysis of variance for CFU response obtained from the model of experimental design

gl SAES O erp 4 by SlalT
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sleiT b 5l edeT s CFU Fol s b Lo &y mbls ST —F g

Sum of Mean F P-value

Source Squares df  Square Vaue Prob > F

Model 2.19E+24 14 156E+23  151.26 1.57E-8 significant
A-OA 1.78E+23 1 1.78E+23  172.0325 1.27E-09
B-CS 4.2E+22 1 4.2E+22 40.67882 1.24E-05
C-WB 1.83E+24 1 1.83E+24  1766.95 5.59E-17
D-SCM 1.01E+22 1 1.01E+22  9.745855 0.006998
AB 1.47E+22 1 1.47E+22  14.2605 0.00183
AC 6.1E+22 1 6.1E+22 59.00375 1.42E-06
AD 1.72E+21 1 1.72E+21  1.664992 0.216468
BC 1.73E+22 1 1.73E+22  16.70977 0.00097
BD 7.72E+19 1 7.72E+19  0.074708 0.788329
CD 6.01E+21 1 6.01E+21  5.816341 0.02915
AN2 4E+20 1 4E+20 0.386979 0.543232
B"2 4,96E+19 1 4.96E+19  0.048009 0.829518
cr2 2.99E+21 1 2.99E+21  2.889385 0.109801
D2 1.33E+21 1 1.33E+21  1.291209 0.273654

Residual 1.55E+22 15 1.03E+21

Lack of Fit 1.54E+22 10 154E+21  94.18406 4.68E-05 significant

Pure Error 8.19E+19 5 1.64E+19

Cor Totd 2.2E+24 29
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Figure 1. Comparison of experimental and model predicted values for CFU response
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Figure 2. Interaction of the effect of carbon and nitrogen source parameters with CFU response a) oats, b) corn
syrup, ¢) wheat bran and d) sugar cane molasse
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Figure 3. Two-dimensional diagram of the effect of carbon and nitrogen source parameters on CFU response, a)

oat carbon source and corn syrup nitrogen source b) wheat bran carbon source and oat carbon source, c) sugar
cane molasses carbon source and oat carbon source, d) wheat bran carbon source and corn syrup nitrogen source,

€) sugar cane molasses and corn syrup, and f) sugar cane molasses and wheat bran
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Figure 4. Three-dimensional diagram of the effect of carbon and nitrogen resource parameters on CFU response,
a) oat carbon source and corn syrup nitrogen source b) wheat bran carbon source and oat carbon source, ¢) sugar
cane molasses carbon source and oat carbon source, d) wheat bran carbon source and corn syrup nitrogen source,
€) sugar cane molasses and corn syrup, and f) sugar cane molasses and wheat bran
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Abstract

For knowledge localization of Bacillus thuringiensis (Bt) production as biological pest control, optimization of
culture medium is necessary. In this study, Bacillus thuringiensis var. tenebrionis-BN1 (Btt—-BN1) was used as a
biological pesticide to control elm leaf beetles. The aim of optimizing the desire culture medium is to increase
the production efficiency of Bt biopesticide using agricultural and food wastes as cheap raw materias. To
optimize the parameters of the culture medium, experimental design of response surface methodology (RSM)
was applied with a central composite design (CCD) approach. The parameters including the amount of carbon
(sugar cane molasses, oats and wheat bran sources) and the amount of nitrogen (corn syrup source) at three
levels (0.6 to 1 percent of sugar cane molasses, 0.3 to 0.9 percent of oat, 0.3 to 0.9 percent of wheat bran and 1 to
5 percent of corn syrup) were investigated with colony forming unit (CFU) response. The results obtained under
operating conditions of pH = 7, temperature of 30°C after 72 hours. The results showed that the maximum CFU
for the minimum concentration of oats (0.3%), the minimum concentration of wheat bran (0.3%), the maximum
concentration of sugar cane molasses (1%) and the minimum concentration of corn syrup (1%) were equivalent
to 8.36 ! sporesml™. In addition, the results of Btt—-BN1 bioassay survey on elm leaf beetle showed that two
concentrations of 0.5 and 1.0 percent cause 67.7% and 80.0% of mortality, respectively.

Keywords: Bacillus thuringiensis var. tenebrionis, elm leaf beetle, production efficiency, production substrate,
growth conditions




