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Mixed cultivation and optimization of fermentation conditions
of demulsifying bacteria
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Abstract: [Objective] To provide theoretical basis for production and application of mix cultivated
bio-demulsifier, the optimal conditions of mixed cultivation of strains L1 and XH1 were studied in this
research. [Methods] Response surface methodology (RSM) based on the central composite rotation
design (CCRD) was used to optimize fermentation conditions, and the demulsifying ratio was used to
evaluate the demulsifying ability of fermentation broth. [Results] According to the results of the model
analysis and verification, the optimal conditions were as follow: 3:2 inoculum proportion (strain
L1:XH1), 3.6% (V/V) liquid paraffin contents, feeding glucose on the 4 day, and 21 h continuous
incubation after feeding glucose. [Conclusion] Compared with single strain culture, the compound
bio-demulsifier produced by complex culture of L1 and XH1 exhibited less dose and shorter demulsifying
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time. The complex culture increased the utilization ratio of main nutrients in the medium.

Keywords: Demulsifying bacteria, Mixed cultivation, Optimal condition, Response surface methodology
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Conditions and the levels of the optimization design

Coded values
Independent variable Factors Units 1682 3 0 1 1682
A % 20.00 32.16 50.00 67.84 80.00
Proportion of inoculation (L1:XH1)
B d 0.00 1.62 4.00 6.38 8.00
Time of adding glucose
C % 1.22 0.50 3.00 4.78 6.00

Content of liquid paraffin (V/V)

F 2 CCRD WYLIIgitHFALE R

Table 2  CCRD design of experimental values and predicted values of culture medium
24 h
Demulsifying ratios of 24 h (%)

No. A B C
Experimental values Predictions values
1 -1 -1 -1 74.18 72.20
2 1 -1 -1 60.57 65.88
3 -1 1 -1 62.45 61.43
4 1 1 -1 67.18 74.00
5 -1 -1 1 63.35 60.70
6 1 -1 1 53.28 59.01
7 -1 1 1 76.25 75.11
8 1 1 1 86.17 92.31
9 —1.628 0 0 72.69 78.74
10 1.628 0 0 99.83 87.89
11 0 —1.628 0 50.22 48.47
12 0 1.628 0 72.11 67.69
13 0 0 —1.628 73.50 70.08
14 0 0 1.628 78.28 75.81
15 0 0 0 93.26 94.80
16 0 0 0 95.05 94.80
17 0 0 0 94.84 94.80
18 0 0 0 97.28 94.80
19 0 0 0 93.15 94.80
20 0 0 0 95.03 94.80
21 0 0 0 98.83 94.80
22 0 0 0 93.45 94.80
23 0 0 0 91.52 94.80
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Table 3 Results of regression model analysis

Source DF 55 Mean square F-value P-value (Prob>F)

Model 9 4910.16 545.57 17.24 <0.000 1

A 1 101.08 101.08 3.19 0.097 2

B 1 433.33 433.33 13.69 0.002 7

© 1 39.58 39.58 1.25 0.283 7

AB 1 178.51 178.51 5.64 0.033 6

AC 1 10.74 10.74 0.34 0.570 1

BC 1 317.14 317.14 10.02 0.007 4

A? 1 262.06 262.06 8.28 0.0130

B’ 1 2 658.66 2 658.66 84.01 <0.000 1

c’ 1 948.82 948.82 29.98 0.000 1

Residual 13 411.39 31.65

Lack of fit 5 371.29 74.26 4.82 0.000 7

Total 22 5321.55

Note: DF: Degrees of freedom; SS: Sum of squares.
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Table4 ANOVA (analysis of variance) for the experiments
Ttem Value
— (L1:XH1) 3:2
Standard deviation 5.630 0
Mean 80.120 0 3.57%
Coefficient of variance 7.020 0 97.1%
Press 2 866.860 0
R 0.9227 .
Adjusted R? 0.869 2 2.3 IRELIIE
Predicted R 0.461 3
Adequate precision 12.417 0
A 80
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Figure 1 Response surface of glucose dosing time and seed liquid rate
Note: A: Three dimensional chart; B: Contour chart.
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Figure 2 Response surface of glucose dosing time and liquid paraffin content
Note: A: Three dimensional chart; B: Contour chart.
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Table 5 Model validation of demulsifying efficiency

24 h
Proportion of inoculation Time of adding glucose (d) Content of liquid paraffine (V/V, %) Demulsifying ratios of 24 h (%)
3:2 4.00 3.60 95.67+0.25
3:2 5.00 3.60 97.83+0.22
3:2 6.00 3.60 81.52+0.41
3:2 5.00 3.00 72.69+0.42
3:2 5.00 4.00 96.28+0.34
3:2 4.97 3.57 98.45+0.32
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Figure 3 Effect of fermentation broth dosage on the
de-emulsification activity

B4 $ERART (B3 AR FL R IR0
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Table 6 Nutrients utilization in the medium of single and complex cultivation

Utilization of nutrients in the medium (%)

. Dry weight of demulsifier
Strain
crude product (g/L)
Liquid paraffin Total nitrogen Total phosphorus Glucose
XH1 28.5 36.1 32 100 11.82+0.31
L1 83.6 20.4 2.5 - 28.78+0.15
XHI1+L1 91.5 53.8 6.1 100 43.12+0.35
6 XHI1
71.5% 63.9% >
0 0 3 %_Iﬁ
96.8%
(1) L1 XHI
XH1
L1
0
83.6% (L1:XHI) 322 4
XHl Ll 21 h 3.6% (
90% )
2) XHI LI
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