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Succinic acid fermentation by simultaneous saccharification and
fermentation (SSF) with cassava flour
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Abstract: [Objective] In order to raising yields and reducing production costs, we optimized
succinic acid production from Actinobacillus succinogenes GXASI137 by simultaneous
saccharification and fermentation (SSF) with cassava flour as carbon source. [Methods] The
important parameters were screened by the single factor experiment and Plackeet-Burman design.

E£WME: (No. 31160023) (No. 2013GXNSFBA019102)
(No. 13YJ22SW)

*EIWAEE: Tel: 86-771-2503902 X: rbhuang@gxas.cn

W s BHI: 2013-10-29 #EZHER: 2014-01-06 {HEEF K AR B 8 (www.cnki.net) 2014-01-16



1508 WA 2# ik Microbiol. China 2014, Vol.41, No.8

MgCO3

Then, the optimum values of the parameters were obtained by orthogonal experiment design.
[Results] The results showed that corn steep liquor (CSL) was used as a proper nutrient in the
succinic acid production from cassava flour. The optimum medium compositions were determined
as (g/L): cassava flour 100, CSL 14, glucoamylase dose 2.0 AGU/g substrate and MgCO; 75. The
succinic acid yield reached 69.31 g/L at the optimal condition. The conversion rate of cassava to
succinic acid reached 90.01% and succinic acid productivity was 1.44 g/(L-h). The succinic acid
content increased by 32.42% than that without the optimized condition (56.86 g/L). The simultaneous
saccharification fermentation (SSF) and separated hydrolysis and fermentation (SHF) were compared
with 1.3 L fermenter. The results showed that the succinic acid of SSF (72.21 g/L) was superior than
SHF. [Conclusion] The high-level succinic acid production and low production cost from cassava
flour may facilitate industrial scale application in future.

Keywords: Actinobacillus succinogenes, Cassava flour, Plackett-Burman design, Orthogonal
experiment design, Succinic acid
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Figure 1 Effect of cassava flour concentration on the
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Table 1 Factors levels of Plackett-Burman design
=D +D
Code Variables Level (-1) Level (+1)

X Cassava flour (g/L) 90.00 100.00

X2 Corn steep liquor (g/L) 11.50 12.50

Xs NaCl (g/L) 5.00 8.00

Xa Glucoamylase (AGU/g substrate) 1.80 2.20

Xs KH,PO, (g/L) 3.00 4.00

Xe MgCO;5 (g/L) 55.00 60.00

X MnCl, (g/L) 1.00 1.50

Xs CaCl, (g/L) 2.00 2.50

Xo MgCl, (g/L) 2.00 2.50

% 2 Plackett-Burman i1 % i+ =% R

Table 2 Experimental design of Plackett-Burman and corresponding results

No. e & e & & & 9 & & Succinic acid (g/L)
1 1 =1 -1 -1 1 -1 1 1 -1 58.07+0.53
2 -1 1 -1 -1 1 1 1 -1 1 59.28+0.38
3 1 1 -1 1 -1 -1 =1 =1 1 61.38+0.63
4 1 1 1 -1 =Il 1 -1 1 -1 61.69+0.38
5 -1 =1 -1 -1 =1 1 =1 1 1 58.66+0.41
6 -1 =1 1 1 =1 -1 1 1 1 57.55+0.40
7 1 =1 -1 1 =1 1 1 =1 -1 61.35+0.38
8 -1 1 1 -1 -1 -1 1 =1 -1 59.00+0.54
9 1 -1 1 -1 1 -1 =1 =1 1 60.28+0.33
10 -1 -1 1 1 1 1 =I =1 -1 58.81+0.42
11 -1 1 -1 1 1 -1 =1 1 -1 60.34+0.57
12 1 1 1 1 1 1 1 1 1 63.08+0.36

+

(

).

Note: Each value is an average of three parallel replicates and is represented as mean + standard deviation (The same below).
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Table 3 Univariate analysis of variance

F P
Source Degree of freedom Sum of squares Mean quare F value Prob>F
Model 9 26.75 6.69 11.13 0.003 7
Error 2 4.21 0.60
Total error 11 30.96

Note: Values of “Prob>F” less than 0.05 indicate model terms are significant. The model F-value of 11.13 implies the model is significant.
There is only a 0.37% chance that a “Model F-value” this large could occur due to noise.

F4 SEE TSR ZZ

Table 4 Parameter estimation and effects of different factors

p
Variables Degree of freedom Coefficient estimate Standard error Prob>F Order
Intercept 1 59.950 0.22 0.003 7 0
Xi 1 1.010 0.22 0.002 7 [H*
Xz 1 0.840 0.22 0.007 0 DR
X3 1 0.120 0.22 0.6413 5
Xa 1 0.470 0.22 0.075 4 4%
Xs 1 0.014 0.22 0.973 7 9
X 1 0.530 0.22 0.050 8 o
X7 1 —-0.240 0.22 0.310 5 6
Xs 1 —0.065 0.22 0.840 8 8
Xo 1 0.086 0.22 0.756 6 7

Note: Values of “Prob>F" less than 0.003 7 indicate model terms are significant. In this case X;, Xa, X4, X¢ are significant model terms. *:
Significant for a 90 confidence level; **: Significant for a 95 confidence level.

x5 EXZIUEAFHKFE

Table 5 The factors and levels of orthogonal experiment

Factors
Lo A) (B) © (D) (E)
Cassava flour (A) (g/L) Corn steep liquor (B) (g/L) Glucoamylase (C) (AGU/g substrate) MgCO; (D) (g/L) Blank (E)
1 80 12.0 2.0 60 0
2 90 13.0 2.5 70 0
3 100 14.0 3.0 75 0
4 110 15.0 3.5 80 0
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Table 6 The results of orthogonal experiment

Factors
No A B C D E Succinic acid (g/L)

1 1 2 3 3 2 48.44+0.24
2 2 4 1 2 2 61.16+0.16
3 3 4 3 4 3 59.16+0.37
4 4 2 1 1 3 61.04+0.28
5 1 3 1 4 4 48.32+0.14
6 2 1 3 1 4 57.28+0.25
7 3 1 1 3 1 57.96+0.18
8 4 3 3 2 1 67.32+0.31
9 1 1 4 2 3 44.60+0.19
10 2 3 2 3 3 67.88+0.26
11 3 3 4 1 2 65.76+0.33
12 4 1 2 4 2 56.76+0.26
13 1 4 2 1 1 48.12+0.30
14 2 2 4 4 1 60.28+0.18
15 3 2 2 2 4 65.36+0.25
16 4 4 4 3 4 56.08+0.34
k 47.37 54.15 57.12 58.05 58.42

k> 61.65 58.78 59.53 59.61 58.03

ks 62.06 62.32 58.05 57.59 58.17

Ky 60.30 56.13 56.68 56.13 58.00

R 14.79 8.17 2.85 3.48 0.42

RT EXTWHAESHER

Table 7 Analysis of variance of orthogonal design of experiment

Source Sum of squared deviation Degrees of freedom Mean variance F test Significance
A 591.99 3 197.33 89.82 <0.01
B 149.98 3 49.99 22.76 <0.01
C 19.06 3 6.35 2.89 <0.05
D 24.65 3 8.21 3.74 <0.05
E 6.59 3 2.19 1.00 >0.05
A B 14 g/L 2.5 AGU/g
C D 75 g/L
A>B>D>C > ( 3
> > ) 48 h 69.31 g/L
7 13.71 g/L 8.45 g/L
A;3B;C,Ds 100 g/L 90.01% 1.44 g/(L-h)
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