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Abstract . [Objective] Very high gravity fuel ethanol production was studied with the fermenta-
tion of uncooked cassava flour. [Metheds]First,the important parameters were screened by sin-
gle factor tests. Second,the optimum values of the parameters were obtained by response sur-
face methodology. And finally, a gradient
temperature control strategy was used with the

:2014-05-20 optimized conditions, all of which were used to

:2014-05-29 improve the ethanol concentration. [ResultsIThe
(1980 ’ ’ conditions optimized by single factor tests were

(31162)023% starch hydrolyzing enzyme dosage 0. 8 GAU/g

( 2012GA790001 ), cassava flour, substrate concentration 36 % (W/
(2013GXNSFBA019102) . V), and initial pH value 4. 2. The optimal con-

(19582, s
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centrations were determined by response surface
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methodology as follows: Starch hydrolyzing enzyme dosage 0. 82 GAU/g cassava flour, sub-

strate concentration 37 %, and initial pH value 4. 3. A gradient temperature control strategy

could reduce the reducing sugar and imporve the fermentation efficience. Under such optimum

conditions,the ethanol concentration could reach up to 16. 24% (V/V) , while the reducing
sugar and total sugar were 0. 29% (W/V)and 1. 81% (W/V) correspondingly, after 96 h fer-
mentation. The ethanol content of fermentation mashing increased 25% compared with the o-

riginal condition. [Conclusion]On the basis of integration technology,very high gravity fuel eth-

anol production and low production cost with the fermentation of uncooked cassava flour may

facilitate industrial scale application in future.

Key words: fermentation of uncooked materials,response surface methodology,fuel ethanol, cas-

sava,temperature staging strategy
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r/min, 96 h, N 2
. 3 R Table 2 Different fermentation temperature staging ways
R Fermentation Temperature(°C)
timeCh)  Model 1 Model 2 Model 3 Model 4  Model 5
° 0~24 32 32 32 32 25
L.2.1 24~48 32 30 32 32 25
1.2. 1.1 48~72 32 30 25 32 25
32%(W/V) pH 72~96 32 30 25 25 25
4.5, GC004 0.6
GAU/g 0.8 GAU/g 1.0 GAU/g 2
1.2 GAU/g R ,
2.1
1.2.1.2 |
(W/V) 32%.,34%., ’ ' | ’
36%0,38% ,40% » GC004 0. '
< o 1
8 GAU/g , , i
1- 2. 1. 3 pH ’ ’
; 0. 8 GAU
36% (W/V). pH e ’
3.5,4.0,4.5,5.0,5. 5, ’
GC004 0.8 GAU/g , , ° ’
bH . 0.8 GAU/g .
6 7 r 16
1.2.2 e
2 51 [142
s Box-Behnken = 3 i/i h—— L 12 7%
, 3 i 41 V7] Reducing sugar [ 10 %
g B Total sugar u%
3 o g3 —m— Ethanol L8 =
(5}
1. g =
57 S
Table 1 Factors and levers of response surface central compos- 2 E
ite design 0-
- 0.6 0.8 1.0 1.2 1.4
Variables Level Enzyme dosage (GAU/g Cassava power)
Code Factors Low(—1) Center(0) High(+1)
1
Substrate concentra- Y
X, tion Y (W/V) 34. 00 36. 00 38.00

Fig. 1 Effect of the dosage of starch hydrolyzing enzyme
X, SHE™* dosage

(GAU/g substrate) 0.6 0.8 1.0 on ethanol fermentation
X;  pH Value 4.0 4.2 4.4 2.2
% SHE:starch hydrolyzing enzyme 2
l.2.3 , 36 % (W/V),
o 2 o ’ °
1.3 O ;
.3.5- (DNS) 15% (V/V)
(4 s 15%(V/V)
L DNS ’ ’
° 18] _ o 36% (W/ V),
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, 3, 15 , . 12
36%(W/V), 5 ( 3,11,13) o
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% e 2 5 Table 3 Experimental design of Box-Bohnkon and d
s V77 Reducing sugar < able xperimental design of Box-Bohnkon and correspon
= - =
s B Total sugar 10 =z ing results
£ 34 —— Ethanol ré& ¢
Q§ | ‘é Run X1 Xz Xg Y % (V/W)
g ° 2 1 0 1 —1 14,11
5 7 (42 -
en 14 / < -
3 7 % - E 2 1 0 1 14. 30
4 / . -0 3 0 0 0 15. 66
32 34 36 38 40
Cassava flour concentration(%, W/V) 4 —1 —1 0 14.03
9 5 1 0 —1 14. 31
Fig. 2 Effect of the cassava flowr concentration on etha- 6 1 1 0 14.47
nol fermentation 7 0 - 1 13. 82
2.3 pH
8 —1 0 —1 14. 21
H
P 9 1 0 1 15.76
H
P ’ 10 0 1 1 14. 96
? ? 11 0 0 0 15.63
H ; H
P ’ P 12 —1 1 0 13.70
. b
13 0 0 0 15. 65
; ,pH ,
14 0 —1 1 14. 33
’ 15 1 —1 0 14.51
. ’ pH N
o 3 R Y
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b b
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P ’ .Y = 15.65 4 0. 35X, +0.07X, +
( H
’ P 0. 36X, + 0.07X, X, + 0.34X, X, + 0.08X,X, —
4.3) ; H
’ p O. 56X12 70. 9OX22 70.44X32°
4.4 ,
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b o ’
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tation ’ 4,
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4 Box-Bohnkon

a 16 Table 4 Analysis of Variance of Box-Bohnkon experiment

Term SS DF MS F Pr>F
model 6.93 9 0.770 16. 87 0.0031
X 0.99 0.99 21.66 0. 0056
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X2 % X» 3.01 3.010 65.87  0.0005
0.3 G0 X% X;  0.029 0.029 0. 64 0. 4586
0.00 0.00 X5 % X3 0.71 0.710 15.62  0.0108
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effects of various factors on ethanol content
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Table 5 Effect of the temperature on ethanol fermentation

Concentration( %)

Model N - — Fe'rr‘nemation
Ethanol Reducing  Total sugars efficiency( %)
(V/V) sugars(W/V) (W/V)
1 15. 82 0. 44 1.70 88.72
2 15. 64 0. 20 2.15 87.72
3 16. 24 0.29 1. 81 91. 08
4 16.01 0.40 1.77 89.79
5 14. 33 0.14 3. 88 80. 37
3
0.8 GAU/g ,
36 % (W/V), pH 4.2,
0.82 GAU/g
37%(W/V), pH 4.3,
96 h, 16. 24 % (V/V),
0.29% (W/V), 1. 81%
(W/V), s 25%.
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