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Optimization of flocculant-producing bacteria fermentation
parameters by BP neural network
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Abstract; To optimize the fermentation parameter of Klebsiella. sp, orthogonal experiments were used to
quantify the degree of the fermentation parameters of flocculant-producing bacteria MFX on the flocculation rate
and the yield, which indentified temperature, shaking revolution and pH value as the input of neural network ,
flocculation rate and yield as the output of neural network, and then a training sample was designed. After
repeat training, a prediction model with high accuracy and small error was established by which the optimum
fermentation conditions: the temperature of 33 °C , the stirring speed at 141 r/min and pH value of 7. 90, were
obtained. Meanwhile, the actual flocculation rate and the yields were 92.67% and 2.180 9 g/L,
respectively. The flocculation rate increased 4.08% , and the yields of bio-flocculant increased 14.36% ,
which improved the yield of bio-flocculant. The model was used to predict the fermentation process of
flocculant-producing bacteria F + in the fermenter, the simulation error was small, which was the basis for the
prediction and control of industrial fermentation process.
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C (r-min") W/ mL h
1 33 135 7.5 5 15
2 35 140 7.7 7 18
3 37 145 8.0 8 21
4 40 150 8.2 10 24
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S A IR/ C B4/ (r - min~") C pH D FFi f/mL E HJ[E])/h B/ %
1 1 1 1 1 1 81.41
2 1 2 2 2 2 82. 40
3 1 3 3 3 3 78.35
4 1 4 4 4 4 85. 08
5 2 1 2 3 4 67.47
6 2 2 1 4 3 85.12
7 2 3 4 1 2 87.02
8 2 4 3 2 1 68. 94
9 3 1 3 4 2 58.25
10 3 2 4 3 1 64. 45
11 3 3 1 2 4 63.12
12 3 4 4 1 3 69. 32
13 4 1 24 2 3 87.02
14 4 2 3 1 4 86. 09
15 4 3 2 4 1 70. 49
16 4 4 1 3 2 50. 42

B 1 81.810 73.537 71.017 80. 960 71.323

I 2 77.138 79.515 72. 420 75.370 70. 523

YMH 3 63.785 74.745 72.907 66. 172 79.953

1 4 74. 505 69. 440 80. 892 74.735 75. 440

2 18. 025 10. 750 9. 875 11. 788 9. 430

R3 EXFWRITSHRTRER

S AMREE/C BHEAY (r-min") CpH D i it/ mL E [ /h A/ (g - L)
1 1 1 1 1 1 2.116
2 1 2 2 2 2 2.216
3 1 3 3 3 3 2. 340
4 1 4 4 4 4 1. 960
5 2 1 2 3 4 1.910
6 2 2 1 4 3 2. 094
7 2 3 4 1 2 2. 130
8 2 4 3 2 1 2.232
9 3 1 3 4 2 1.920
10 3 2 4 3 1 1. 848
11 3 3 1 2 4 2.042
12 3 4 2 1 3 1.932
13 4 1 4 2 3 1. 688
14 4 2 3 1 4 1.432
15 4 3 2 4 1 1. 816
16 4 4 1 3 2 2.298

YE 1 2. 157 1.907 2.136 1.901 2.002

I 2 2.091 2. 106 1.968 2.045 2. 141

M 3 1.935 2.082 1.981 2.099 2.014

It 4 1. 809 1.897 1.906 1.949 1. 836

&3 0. 348 0.209 0.230 0.198 0. 205
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IR A VR EE/C B %%/ (r + min ") C pH
-1.68 33.0 135 7. 80
-1 33.8 137 7.88
0 35.0 140 8.00
1 36.2 143 8.12
1. 68 37.0 145 8.20
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B A B c Y1 RBER/% Y2 R/ (g L)
1 0 0 0 89. 03 1.794
2 0 0 0 88.90 1. 866
3 1 1 1 78.22 1. 888
4 1 -1 -1 77.99 1. 808
5 1 1 -1 73.97 1.942
6 -1 -1 1 81.55 1. 860
7 0 0 0 89.55 1. 888
8 -1 1 1 86.91 2. 144
9 0 0 -1.68 77.57 1.926
10 0 -1.68 0 81.48 1.744
11 0 -1.68 0 76. 36 1.706
12 0 0 0 91.05 1. 860
13 -1 1 -1 83.26 2.168
14 1. 68 0 0 85.24 1.592
15 0 0 1.68 74. 81 1.742
16 0 0 0 89. 87 1.768
17 -1 -1 -1 92.51 1.792
18 0 0 0 88. 56 1.798
19 -1.68 0 0 85.23 2.022
20 1 -1 1 88.23 2.028
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SR FIME PrEE
T AW BEBY LR/ % LR/ A DrFRIE
€ (romn-l) P % (¢-1°1) % /(g -L71)
1 33.0 135 7.50 81.41 2.112 80.70 2.105 2 0.003 2
2 33.0 140 7.70 82. 40 2.216 84.12 2.270 4 0.024 6
3 33.0 145 7.80 78.35 2.340 74.35 2.2798 0.0257
4 33.0 150 8.20 85.80 1.900 85.08 1.960 0 1.437¢ =10
5 35.0 135 7.70 67.47 1.910 73.41 1.833 6 0.040 0
6 35.0 140 7.50 85.12 2.094 81.32 2.0542 0.019 0
7 35.0 145 8.20 87.02 2.130 82.31 2.106 5 0.0110
8 35.0 150 8.00 68.94 2.232 73.04 2.248 6 0.007 4
9 37.0 135 8.00 58.25 1.920 73.52 1.834 4 0.044 6
10 37.0 140 8.20 64.45 1.848 69.22 1.8526 0.0025
11 37.0 145 7.50 63.12 2.042 66. 10 2.1212 0.038 8
12 37.0 150 7.70 69.32 1.932 73.79 2.038 7 0.055 2
13 40.0 135 8.20 87.02 1.688 86.36 1.524 1 0.097 1
14 40.0 140 8.00 86.09 1.432 86.01 1.5257 0.065 4
15 40.0 145 7.70 70.49 1.816 72.83 1.8198 0.002 1
16 40.0 150 7.50 50.42 2.298 46.12 2.2143 0.036 4
17 35.0 140 8.00 89.03 1.794 87.66 1.8399 0.025 6
18 35.0 140 8.00 88.90 1.866 87. 66 1.8399 0.0140
19 36.2 143 8.12 78.22 1.888 78.26 1.861 9 0.0138
20 36.2 137 7.88 77.99 1.808 73.97 1.811 4 0.0019
21 36.2 143 7.88 73.97 1.942 75.75 1.962 2 0.010 4
2 33.8 137 8.12 81.55 1.860 81.64 1.806 7 0.028 7
23 35.0 140 8.00 80.55 1.888 87.66 1.8399 0.0255
24 33.8 143 8.12 86.91 2. 144 86. 26 2.1417 0.001 1
25 35.0 140 7.80 77.57 1.926 82. 46 1.949 8 0.0124
26 35.0 135 8.00 81.48 1.744 73.18 1.836 1 0.0528
27 35.0 135 8.00 76. 36 1.706 73.18 1.836 1 0.076 3
28 35.0 140 8.00 91.05 1.860 87.66 1.8399 0.0108
29 33.8 143 7.88 83.26 2.328 82.56 2.2539 0.0318
30 37.0 140 8.00 85.24 1.592 81.71 1.571 1 0.013 1
31 35.0 140 8.20 74.81 1.742 76.19 1.806 2 0.036 9
32 35.0 140 8.00 89.87 1.768 87.66 1.839 9 0.040 7
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WER A 93. 18% , BRI IIFE 2K 2. 203 1 o/L. )
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FEMH LB, RoRiRZE/ T 0. 1 IEW] T iz R fE
B sy O A1 AR Y F o+ [R]I, BHTE ST A A

TUA] LARSAS R A B2 (0 2R BEAR N A AT 10
0 8 A oAt TN 2 A e I E P Y R

UK

R7T F+ABXRESHKREGEE

R R I E e
£ ARE,  BERY REER/ PR/ REER/ PR TRz
°C (r+min~") ol % (g-L° ") % /(g- L")
1 33.0 140 7.2 89.94 2.162 83.77 2.165 7 0.068 6
2 33.0 145 7.2 92.18 1.972 85.59 1.979 4 0.071'5
3 33.0 150 7.2 94.52 2.018 96.35 2.030 7 0.019 8
4 34.5 140 7.2 80.57 1.316 88.56 1.3252 0.099 2
5 34.5 145 7.2 84.59 1.790 83.50 1.7713 0.0129
6 34.5 150 7.2 89.03 1.946 83.06 1.934 5 0.067 1
7 36.0 140 7.2 77.60 1.040 81.13 1.033 8 0.045 4
8 36.0 145 7.2 84.81 1.342 90.28 1.362 0 0.064 5
9 36.0 150 7.2 86.36 1.848 80.91 1.883 4 0.063 1
. Material , 2006, 13(4) . 289 —292.
3 &

1) RN T R S HO0 28R A= R 1)
SR SRR IR R EEAEE pH FR IR BN 52 R
BERE W R R B R 45 1 3 A AR
2.

2) RE VML A5 T B AL, &S
(S e R 33 °C (B R FE 4K 141 /min | pH
h7.90, Bb Ak R SE R 2R BE R RN PR R 5 B
92.67% A1 2. 180 9 ¢/L; 5 IEAZ SR AL (19 45
M, B RERE BT 408%, mRKIEE T
14.36% iK% T R EER M= s /A4 & i H .

3) LA REAR U i T F + 7 % R P A
B Fe. (5 FLAE 5 SR 360, IR ZEBUN, oK iR
2/ TF0. 1.

5% Xk

[1] SALEHIZADEH H, SHOJAOSADATI S A. Extracellular
biopolymeric flocculants recent trends and biotechnological
importance[ J |. Biotechnology Advances, 2001, 19(5):
371 -385.

[2] SALEHIZADEH H. Some investigation on bioflocculant
producing bacteria [ J ]. Biochemical
Journal, 2000, 5(1): 39 —44.

[3] SHENG Y L, ZHANG Q, SHENG Y R. Screening and

flocculating

Engineering

properties  of  bioflocculant-producing

microorganisms [ J ]. Journal of University of Science

and Technology Beijing, Mineral, Metallurgy,

(4] F5. A=W 2R BER 18 K B 2R A A X 8l 01 2 o3
[D]. WEREE: ME/REE TR, 2009.

[5] SHA W, EDWARDS K L. The use of artificial neural
networks in materials science based research [ J].
Materials and Design, 2007, 28. 1747 —1752.

[6] MJALLI F S, AL-ASHEH S, ALFADALA H E. Use of
artificial neural network black-box modeling for the
prediction of wastewater treatment plants performance
[ J]. Journal of Environmental Management, 2007 , 83
329 -338.

[7] JANG J H, IKE M, KIM S M. Production of a novel
bioflocculant by fed — batch culture of Citrobacter sp.
[J]. Biotechnology Letters, 2001, 23 593 - 597.

(8] M7 T BP M8 FIRR f@ oA i pLe 12
LEZHARALL D] Z 52 5 1l R ,2010.

(9] #=ifgse, £2, Kk, 55, BT AN LH0Z 0 4 f f%
S SR HRE K s R e 25 PR LD ). vh R
2011(7): 141 —143.

[10 ] GUOLIN J, WENTING D, YINGYING G. Studies on
prediction of separation percent in electrodialysis
process via BP neural networks and improved BP
algorithms[ J]. Desalination, 2012, 291, 78 -93.

[11 ] SADEGHI B H M. A BP-neural network predictor
model for plastic injection molding process[ J]. Journal
of Materials Processing Technology, 2000, 103.

411 -416.

(g x H)



