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Screening High Temperature Tolerant Yeast Strains and Technological
Optimization of Ethanol Fermentation of Energy Beet
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Abstract Tt has been an interesting topic using energy beet to ferment ethanol. Because temperature would affect ethanol fermentation
of energy beet greatly, in order to explore the adaptability to high temperature of the different strains and to screen better yeast to ferment
in the high temperature, in this study, at first, by the single factor, temperature, the yeast HADY was screened to be tolerant to high
temperature, such that when the fermentation temperature was 45°C, the translation rate of ethanol was 81.68%. However, the translation
rate of ethanol of ADY was the highest at 31°C. Secondly, three main factors were screened out from nine factors related to fermentation
by Plackett —Burman design and response surface methodology, including substrate concentration, ratio of solvent to material, added
HADY amount, nutrient salts, phosphorus addition amount, pH value, rotational speed, fermentation temperature and fermentation time.
The three main factors are substrate concentration, fermentation temperature and phosphorus addition amount. The optimized
technological parameters of HADY are as follows: substrate concentration (mass fraction) 12%, mass ratio of solvent to material 1:1,
added HADY 15%, nutrient salts 0.5, added phosphorus 0.9%, pH 5.0, rotation speed 130r/min, fermentation temperature 37°C and
fermentation time 44 hours. It is shown that the translation rate of ethanol is 89.43%.
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Table 2 Plackett—-Burman design table and response values of HADY
X, X> X; X4 Xs X X5 Xs Xo Y%
1 1 -1 1 -1 -1 -1 1 1 1 72.46
2 1 1 -1 1 -1 -1 -1 1 1 81.26
3 -1 1 1 -1 1 -1 -1 -1 1 85.79
4 1 -1 1 1 -1 1 -1 -1 -1 84.77
5 1 1 -1 1 1 -1 -1 -1 -1 72.35
6 1 1 1 -1 1 1 -1 1 -1 72.17
7 -1 1 1 1 -1 1 1 -1 1 87.79
8 -1 -1 1 1 1 -1 1 1 -1 76.87
9 -1 -1 -1 1 1 1 -1 1 1 77.54
10 1 -1 -1 -1 1 1 1 -1 1 72.79
11 -1 1 -1 -1 -1 1 1 1 -1 76.02
12 -1 -1 -1 -1 -1 -1 -1 -1 -1 88.46
3
Table 3 Results of statistic analysis
t P
X, -6.1117 1.4609 -4.1835 0.0527 1
X, 0.415 1.4609 0.2841 0.8031 9
X; 1.905 1.4609 1.304 0.3221 6
X, 2.1483 1.4609 1.4706 0.2792 5
Xs -5.5417 1.4609 -3.7934 0.063 3
X pH -1.0183 1.4609 -0.6971 0.5579 8
X5 -5.285 1.4609 -3.6177 0.0686 4
Xy 5.9383 1.4609 4.0649 0.0555 2
Xo 1.165 1.4609 0.7975 0.5088 7
4 5
Table 4 Experimental factors and levels of response Table 5 Design of RSA and fermentation results
surface methodology Y. X, X, Y%
1 -1 -1 0 72.73
2 -1 1 0 84.86
-1 0
. 3 1 -1 0 71.15
Xs 1% 05 ! 4 1 1 0 78.54
Xy e 31 35 5 0 -1 -1 73.48
X 1% 8 12 6 0 -1 1 72.88
7 0 1 -1 82.54
8 0 1 1 79.44
3) 9 1 0 1 81.79
7 , 04%, - - '
99:04% 10 1 0 -1 76.58
99.04% : 11 -1 0 1 77.46
S v OV 12 1 0 1 72.86
, CV=1.340616, s 13 0 0 0 90.23
o s 14 0 0 0 88.94
. 15 0 0 0 89.15
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Table 6 Analysis of variance for regression equation
F P
Xs 1 39.20551 39.20551 34.50719 0.002029
Xs 1 154.3525 154.3525 135.8551 0.0001
Xi 1 17.25781 17.25781 15.18966 0.011439
XsXs 1 144.9817 144.9817 127.6074 0.0001
XXy 1 5.6169 5.6169 4.94378 0.076793
XX, 1 0.093025 0.093025 0.081877 0.786246
XXy 1 149.059 149.059 131.196 0.0001
XXy 1 1.5625 1.5625 1.375252 0293736
XX, 1 132.9785 132.9785 117.0425 0.000117
9 588.2254 65.35838 57.52593 0.000163
3 210.8158 70.27193 61.85065 0.000225
3 370.1372 123.3791 108.5935 0.0001
3 7.272425 2424142 2.133636 0.214553
5 5.680775 1.136155
3 4.722575 1.574192 3.285727 0.242021
2 0.9582 04791
14 593.9062
7 ) ;
Table 7 Confidence level statistics for Y Xy (
), Xs( ), Xs( )o
Y (5)
(R*) cy) Y 90.60%,
79.50867 99.04% 97.32% 1.065906  1.340616 0.9832, 3
3 (X5, X5, X)) 8,
(4) 2.23
2 s Xs, X,
0.9 0.9 0.9
0.6 0.6 0.6
0.3 0.3 0.3
0 20 = 0
—0.3 —0.3 —0.3
B By 05
-0.9-0.3003 0.9 ~0.9-03003 0.9 -0.9-03003 0.9
X, X, X
(a) Y=f(X5,Xy) (b) Y=f(Xs, X)) (¢) Y=f(Xs,X)
2
Fig. 2 Response surface and contours
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Table 8 Ridge analysis for factors and levels

X; -0.21364 0.89
Xy 0.37269 36.86
X, -0.14449 1142
X, 0.9%, 37°C,
12% s 5 500mL
s 89.43% ,
(89.43%) (90.60%)
1.29%, HADY
NY0503 .
3
(1) ADY HADY
, , 45°C ,
HADY S
31C ADY ,
[16]
(2) HADY, s
4
(1) HADY . 45C
2) 9 : . .
. . .pH | .
. 3
(3) : 12% .
1:1, 15% . 0.5, 0.9% pH 5.0,
130r/min . 37°C 44h,
89.43%,
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