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Optimization of oxidation by a thermotolerant Pseudoxanthomonas
through response surface methodology
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Abstract: [Objective] The response surface methodology was used to optimize thermotolerant
Pseudoxanthomonas oxidation effect. [Methods] We use Plackett-Burman method to select key
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factors for the sulfur oxidation. The steepest ascent method has been used to determine the optimal
range of values and confirm the central axis. Box-Behnken experimental design was used to confirm
the optimal concentration of the key factors. The concentration of sulfur was determined by classic
barium sulfate turbidity method. [Results] Beef extract, malt sugar and Mg®" were the key factors
affecting the sulfur oxidation performance. The results of the response surface methodology showed
that the interaction effect between beef extract and Mg2+ had the most effects on sulfate conversion
rate. The optimization results were: malt sugar (%)=0.07, beef extract (%)=0.11, Mg2+=0.04, the
sulfate conversion rate reached peak value. The F-value of the model was 52.60 (P<0.000 1) and
correlation coefficient (R%)=0.980 2 which indicated the model terms were significant and showed
good degree of fitting. The simulation composting experiments results showed that the concentration of
sulfate in compost increased with Pseudoxanthomonas addition. [Conclusion] This model could be
used to analyze and calculate the optimal formula of thermotolerant Pseudoxanthomonas culture
medium. The sulfur conversion rate increased from 36.89% to over 80% after optimization. Addition of
Pseudoxanthomonas in compost could increase sulfate concentration, compared with the suspension
culture under basic fermentation conditions, which was of good application prospects.

Keywords: High temperature resistant, Pseudoxanthomonas, Sulfur conversion rate, Response
surface methodology
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% 1 Plackett-Burman RIEiZiT 5% R

Table 1 Plackett—Burman experiment designs and results

No. Sodium Malt  Lactase  Yeast Amrr.lonium Beef extract Mg””™ Mn*" pH Y Sulfate conversion
carbonate (%) sugar (%) (%) extract (%) chloride (%) (%) (%) (%) rate (%)
1 -1 -1 -1 -1 -1 —1 -1 -1 -1 -1 -1 9.12
2 -1 -1 -1 1 -1 1 1 -1 1 I | 19.25
3 1 1 1 1 -1 —1 -1 1 -1 I | 13.93
4 1 1 -1 1 1 1 -1 -1 -1 1 1 1.44
5 -1 -1 1 1 -1 1 1 1 -1 -1 1 30.56
6 -1 -1 -1 -1 1 —1 1 1 -1 1 1 28.37
7 -1 -1 1 1 1 —1 -1 -1 1 -1 1 14.07
8§ -1 -1 1 -1 1 1 -1 1 1 I | 81.26
9 1 1 1 -1 1 1 1 -1 -1 -1 -1 16.73
10 1 1 1 -1 -1 —1 1 -1 1 1 1 33.93
11 1 1 -1 -1 -1 1 -1 1 1 -1 1 72.03
12 1 1 -1 1 1 —1 1 1 1 -1 -1 31.65

% 2 Plackett-Burman i 361 11 B9 E & 7K T B M 44

Table 2 Actual level of variables tested with the Plackett-Burman design and their effect on sulfate conversion rate

Factor . Regression coefficient F value P value Significance order
Sodium carbonate (%) 0.02 1.00 4.86 6.87 0.1199 6
Malt sugar (%) 0.05 0.15 —217.57 142.90 0.006 9 3
Lactase (%) 0.02 1.00 —0.90 0.24 0.675 4 8
Yeast extract (%) 0.02 0.05 501.11 68.23 0.014 3 4
Ammonium chloride (%) 0.02 0.05 -174.22 8.25 0.102 9 5
Beef extract (%) 0.06 0.12 453.50 223.51 0.004 4 1
Mg (%) 0.02 0.05 844.67 193.85 0.005 1 2
Mn*" (%) 0.01 0.10 7.44 0.14 0.748 1 9
pH 5.50 9.01 -1.12 4.66 0.163 4 7
*3 mREREREZITREREER 2.3 Mgk M % (Response surface methodology)
Table 3 The designs and results of the steepest SRR It
ascent test
No 51\1/1[ aalltr eftizt;t Mg2+ co?ll\l/f:stieon
: ( (i ) %) (%) rate (%) Box-Behnken

1 0.150 0.060 0.020 0 19.25 A

2 0.125 0.075 0.027'5 54.60 B Mg” C 3

3 0.100 0.090 0.0350 68.35 -1 0 1

4 0.075 0.105 0.042 5 81.29 4 5  Box-Behnken

5 0.050 0.120 0.050 0 74.25 Design-Experts 8.05
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24 782.22xB*~109 618xC* ( 6) 2 0 0 0 81.28
F 3 -1 0 1 69.26
52.60 (P<0.000 1) 0.01% SR S
R*=0.980 2 5 0 -1 1 73.26
98.02% 6 -1 -1 0 68.53
7 1 1 0 62.84
8 -1 1 0 71.59
% 4 Box-Behnken it1& F Z 7k T 9 0 1 1 70.50
Table 4 Box-Behnken experiment factors and levels 10 1 0 1 61.48
Level 11 0 0 0 80.95
Factors 12 0 0 0 81.66
- 0 ! 13 0 0 0 81.52
A: Malt sugar (%) 0.050 0.0750 0.100 14 1 -1 0 63.54
B: Beef extract (%) 0.090 0.105 0 0.120 15 ! 0 - 70.55
16 0 0 0 81.80
C: Mg”" (%) 0.035 0.042 5 0.050 17 1 -1 69.56

xo6 BPEAKTEDR

Table 6 ANOVA for selected Box-Behnken design for sulfate conversion rate

Source Sum of squares df Mean square F value P value Prob>F
Model 849.87 9 94.43 38.54 <0.000 1 Significant
A: Malt sugar 106.73 1 106.73 43.56 0.000 3
B: Beef extract 1.69 1 1.69 0.69 0.433 3
C: Mg™ 4.59 1 4.59 1.87 0.213 4
AB 3.53 1 3.53 1.44 0.268 8
AC 1.60E-003 1 1.60E-003 6.53E-004 0.980 3
BC 11.70 1 11.70 4.77 0.065 2
A 359.56 1 359.56 146.74 <0.000 1
B’ 130.91 1 130.91 53.43 0.000 2
lea 160.08 1 160.08 65.33 <0.000 1
Residual 17.15 7 2.45
Lack of fit 16.70 3 5.57 49.48 0.001 3 Significant
Pure error 0.45 4 0.11
Cor total 867.02 16

Note: s: 1.57; R-Squared

:0.980 2; x :71.57; Adj R-Squared: 0.954 8; C.V. %: 2.19; Pred R-Squared: 0.691 0.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



996 WEY)# 8 4 Microbiol. China 2017, Vol.44, No.4

2.4 MR 3D BhiE 247
(%)=0.07
(%)=0.11 (Mg*",%)=0.04
RSM 81.83%
[20] 0.09%-0.105%
A 0.105%-0.12%

B 100

0.50

0.00

Sulfate conversion rate (%)
B: Beef extract (%)

—-0.50

-1.00

= : -1.00 —-0.50 0.00 0.50 1.00
B: Beef extract (%) ~1.00 =1.00 A: Malt sugar (%) A: Malt sugar (%)

E1 4AEMEFERZEIERT /YNGR i E E(A)FMESLKEB)

Figure 1 Response surface plots (A) and contour plots (B) showing interactive effects of malt sugar and beef extract
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Figure 2 Response surface plots (A) and contour plots (B) showing interactive effects of malt sugar and Mg2+

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



997

B 1.00

0.50

0.00

Sulfate conversion rate (%)
C: Mg> (%)

-0.50

-1.00 & = a
-1.00 —-0.50 0.00 0.50 1.00

B: Beef extract (%)

-0.50
C: Mg* (%) _1.00-1.00 B:Beefextract (%)

B3 $EFMg)A4REZE/ER T A5 E it E (A% S 4% E(B)

Figure 3 Response surface plots (A) and contour plots (B) showing interactive effects of beef extract and Mg**
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