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Enhancing ethanol production using thermophilic yeast by
response surface methodology

Naikun Shen, Qingyan Wang, Yan Lu, Yan Qin, and Ribo Huang
National Engineering Research Center for Non-food Biorefinery, Guangxi Academy of Sciences, Nanning 530007, China

Abstract: We optimized the conditions of simultancous saccharification and fermentation (SSF) from cassava flour into
high-concentration ethanol by thermophilic yeast GXASY-10. Based on the single factor experiment, we screened the important
parameters by Plackeet-burman design. We used the path of steepest ascent to approach to the biggest region of ethanol production
subsequently. Then, we obtained the optimum values of the parameters by Box-Behnken design. The results showed that the
important parameters were the liquefaction time, glucosidase dosages and initial concentration of cassava flour (substrate). The
optimum technical conditions were as follows: liquefaction time 35 min, glucosidase dosages 1.21 AGU/g substrate and initial
substrate concentration 37.62%. Under such optimum conditions, the ethanol yield of 20 L fermentor reached 16.07% (V/W) after

48 h fermentation at 37°C and 100 r/min. The ethanol content increased 33% than that under the original condition.
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Table 1 Factors levels of Plackett-Burman design

. Level  Level
Code Variables (i\ﬁ (i\ﬁ
Xi CO(NH), (%, W/W) 0.05 0.10
Xz Liquefaction time (min) 60 40
X Glucoamylase (AGU/g substrate) 0.80 1.00
X, The pH value of fermentation 5.0 5.5
X Cellulase (u/g substrate) 11 22
Xe Trehalose (%, W/W) 0.05 0.10
X7 KH,POy (%, W/W) 0.05 0.10
X Substrate concentration (%, W/W) 30 32
X, MgSO4 (%, W/W) 0.05 0.10

%2 Plackett-Burmani® 3% i+ R 45

Table 2 Experimental design of Plackett-Burman and
corresponding results
Run X, X X5 X» X5 X6 X7 Xz Xo Y
(%, VIW)
1 1 1 -1 -1 1 -1 1 -1 1 11.32
2 1 -1 1 1 -1 -1 1 -1 1 13.64
3 -1 1 1 1 1 1 -1 -1 1 14.67
4 -1 1 1 -1 -1 -1 -1 1 1 13.56
5 -1 -1 -1 -1 1 1 1 1 1 14.09
6 1 1 -1 1 1 -1 -1 1 -1 9.18
7 -1 1 -1 1 -1 1 1 -1 -1 13.95
8 1 -1 1 -1 1 1 -1 -1 -1 14.66
9 -1 -1 -1 -1 -1 -1 -1 -1 -1 14.55
10 1 -1 -1 1 -1 1 -1 1 1 12.65
1 -1 -1 1 1 I -1 1 1 -1 14.08
12 1 1 1 -1 -1 1 1 [ 14.62
*=3 HAESF
Table 3 Univariate analysis of variance
Degree of Sum of Mean F
Source freedom squares square o, o Prob>F
(DF) (8S) (MS)
Model 9 22.37 7.46 7.79  0.0093
Error 2 7.66 0.96
Total 1 30.03

error

“Prob>F" less than 0.05 indicate model terms are significant.
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Table 4 Parameter estimation and effects of different factors

Variables Degree of freedom Coefficient estimate Standard error Prob>F Order

Intercept 1 13.41 0.28 0.0093 0
Xi 1 —0.42 0.28 0.1490 4
X> 1 6.95 0.28 0.0274 2
X; 1 4.73 0.28 0.0471 3
X 1 —0.41 0.28 0.8831 5
Xs 1 0.27 0.28 0.9461 6
X 1 —0.14 0.28 0.9966 8
X7 1 0.029 0.28 1.000 9
Xs 1 10.70 0.28 0.0102 1
Xo 1 —-0.23 0.28 0.9161 7

*5 mBERKRERITRER

Table 5 Experimental design of steepest ascent and corresponding results

Run Liquefaction time (min) Glucoamylase (AGU/g substrate) Substrate concentration (%, W/W) Y (%, VIW)
1 40 1.00 32.00 14.44
2 35 1.10 34.00 15.60
3 30 1.20 36.00 15.89
4 25 1.30 38.00 15.81
5 20 1.40 40.00 14.87
6 15 1.50 42.00 12.78
&6 MLED RS HKT
Table 6  Factors and levers of response surface central composite design
Variables Level
Code Factors Low (-1) Center (0) High (+1)
Xi Liquefaction time (min) 25.00 30.00 35.00
X, Glucoamylase (AGU/g substrate) 1.10 1.20 1.30
X; Substrate concentration (%, W/W) 34.00 36.00 38.00
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FoUE 05, o Y B KA A M 16.05, e 0 X, =1.00,
X,=0.12, X;3=0.81, EPVEACEFEIS 35 min, BEALEGTS
N 1.21 AGU/g IRY), JRYIMRIEN 37.62% , I
SBIRATIS YR N 16.05% . W AR ST 5 W
20 L A BERERIEGS: , A W e v oM R A vk i
AR AL 2 DL IR 4. Kk BESE S 2IE 16.07%
R FNAE S Sk AR T, DO R U7 R gt
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% 7 Box-Bohnkon iR i&itFRFAER
Table 7 Experimental design of Box-Bohnkon and
corresponding results

1 R ALES (B F04E (L EE A 8 X T 5 = 8 22 N Y i [z T [

Run X X X Y, Vi) Fig. 1 Surface layer of the mutual-affection of liquefaction
1 0 0 0 15.95 time and glucoamylase dosage on ethanol yield.
2 -1 0 -1 14.50
3 1 -1 0 14.81
4 0 0 0 15.97
5 -1 -1 0 14.32
6 0 1 -1 14.40
7 0 -1 1 14.62
8 0 0 0 15.98
9 -1 1 0 13.98
10 1 0 -1 14.60
11 0 -1 -1 14.10
12 0 1 1 15.27
13 1 0 1 16.08
14 -l 0 ! 14.59 2 RALET [E) A0 R R B AT T AR PR 2 R I Y N R T E
15 1 1 0 14.77 Fig. 2 Surface layer of the mutual-affection of liquefaction

time and substrate concentration on ethanol yield.

% 8 Box-Bohnkon iR A EDHER

Table 8 Analysis of variance of Box-Bohnkon experiment

Term DF  SS MS F Pr>F
Model 9 723 0.800 17.18  0.0030
X 1 1030 1.030 2201 0.0054
X 1 0039  0.039 0.83  0.4029
X 1 1.09  1.090 2340 0.0047
Xi*X, 11230 1.230 2628 0.0037
Xi*X, 10025  0.025 0.53  0.4978
Xi*X, 1 049  0.490 1038 0.0234
Xo*X, 1 3140 3.140 67.40  0.0004
Xo*X, 1 0032 0032 0.68  0.4475
XX 1 0740  0.740 1585 0.0105 3 PEALES R EF0EYIRE X E A 8 RN AY N K2 E E

Fig. 3 Surface layer of the mutual-affection of glucoamylase

Lack of fit 3 0.200 0.078 28575 0.0033 dosage and substrate concentration on ethanol yield.
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