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Very high gravity ethanol fermentation with cassava flour and
sugarcane juice
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Abstract: We optimized the conditions of mixed fermentation of very high gravity ethanol with cassava flour and sugarcane juice.
Based on the single factor experiment, we screened the important parameters for very high gravity ethanol fermentation with cassava
flour and sugarcane juice by the Plackeet-burman design. Then, we obtained the optimum values of the important parameters by the
orthogonal experiments: the mixing ratio of cassava flour to sugarcane juice, 1:5; initial pH of fermentation, 4.0—4.5; the
concentrations of urea and MgSO,, 0.25% and 0.04% (W/W), respectively. Finally, we used a gradient temperature control strategy
with the optimized conditions, and ethanol concentration of 17.84% (V/FV) and fermentation efficiency of 91.82% were achieved,
correspondingly.
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Table 1 Plackett-Burman experiment design and its response
No. X X X; Xy Xs Xs X; Xy Xy X0 Y (%, V/V)
1 -1 +1 +1 -1 +1 -1 -1 -1 +1 +1 16.09+0.13
2 -1 +1 -1 -1 -1 +1 +1 +1 -1 +1 15.910.07
3 -1 +1 +1 +1 -1 +1 +1 -1 +1 -1 16.36+0.06
4 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 15.16+0.11
5 -1 -1 +1 -1 +1 -1 +1 +1 -1 +1 16.02+0.05
6 -1 -1 -1 +1 +1 +1 -1 +1 +1 -1 15.54+0.12
7 +1 -1 +1 +1 -1 +1 -1 -1 -1 +1 16.10=0.11
8 +1 -1 -1 -1 +1 +1 +1 -1 +1 +1 15.95+0.06
9 +1 +1 -1 +1 +1 -1 +1 -1 -1 -1 16.45:0.06
10 +1 +1 -1 +1 -1 -1 +1 +1 +1 +1 16.57+0.07
11 +1 -1 +1 -1 -1 -1 -1 +1 +1 -1 15.880.12
12 +1 +1 +1 -1 +1 +1 -1 +1 -1 -1 16.34+0.08
% 2 Ll Plackett-Burman LI KT EHE. KEREZIHR
Table 2 The factors, levels and results of Plackett-Burman experiment design
Code Factors | Coded levelsﬂ T-test Prob>|T] Order
X, pH value 3.5 4.5 13.29 0.0465 I
X Total sugar (%, W/V) 25 30 14.54 0.0524 2"
X; CO(NH), (%, W/V) 0.20 0.25 12.45 0.0544 3
X, CaCl, (%, W/V) 0.016 0.020 5.20 0.1223 5
X5 KH,PO, (%, W/V) 0.015 0.025 4.33 0.1545 6
X5 Fermentation time (h) 48 60 -1.28 0.3881 9
X; MgSO,47TH,0 (%, W/V) 0.03 0.05 8.92 0.0767 4
Xy Inoculum (%, V/V) 10.0 12.5 2.45 0.2554 8
X Rotated speed (r/min) 100 125 1.51 0.4049 10
Xio Glucoamylase (4GU/g starch) 1.2 1.5 3.76 0.2065 7
*Significant for a 90 confidence level; **Significant for a 95 confidence level.
x3 EXFTHREAFSKFE
Table 3 The factors and levels of orthogonal experiment
Levels Factors
A: pH value B: total sugar (%, W/V) C: CO(NH), (%, W/V) D: MgS047H,0 (%, W/V) E: blank
1 3.5 26 0.20 0.03 0
2 4.0 28 0.25 0.04 0
3 4.5 30 0.30 0.05 0
4 5.0 32 0.35 0.06 0

W 2253 BT 575 2253 B4 R W], AL B AIZKIAH
WRZFKF, C. D WREHBEKY, SHRE
B EWIF R A>B>D>C., HI¥)th pH 1> ¥ 1h
SRR GRA TR H ) > GRRREE R i i > JK
Rt MRIERPEEE, EEIR G R R ek
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Table 4 The results of orthogonal experiment

No. Factors Ethanol (%, V/V)
A B C D E
1 1 2 3 3 2 12.11+0.14
2 2 4 1 2 2 15.29+0.06
3 3 4 3 4 3 14.79+0.12
4 4 2 1 1 3 15.26+0.17
5 1 3 1 4 4 12.08+0.10
6 2 1 3 1 4 14.32+0.12
7 3 1 1 3 1 14.49+0.18
8 4 3 3 2 1 16.83+0.11
9 1 1 4 2 3 11.15+0.10
10 2 3 2 3 3 16.97+£0.05
11 3 3 4 1 2 16.44+0.07
12 4 1 2 4 2 14.19+0.12
13 1 4 2 1 1 12.03+0.06
14 2 2 4 4 1 15.07+0.08
15 3 2 2 2 4 16.34+0.06
16 4 4 4 3 14.02+0.14
k1 11.84 13.54 14.28 14.51 14.61
k2 15.41 14.70 14.88 14.90 14.51
k3 15.52 15.58 14.51 14.40 14.54
k4 15.08 14.03 14.17 14.03 14.50
R 3.57 2.04 0.60 0.87 0.11

100 mL) S0k, SCa s R (S5 AFAT A1)
W AEERTE] 48 h, BUEARB BRI R 17.14%
(V/V), BRIREHE 0.62% (W/V), 550 1.87% (W/V),
TEMFI I EN 88.56% , HiE XM S NtAE .
2.5 ABIIRIREESINEIER CEKE £
NI TR 25 R - e T 235 R 35 e i i
TR 3R AT, 52 V5 DR} < I 2 TR 1 7 Ml Ak
Ao o V2% Bt AR UTIR R R A 1) T S LR n £ B e
FE, BEARERMER B R T 2P B ARIR S R
TSR T T B B PRy, BRIk 6,
RIS R 7,
Fz5 EXTWAESIWER

Table 5 Analysis of variance of orthogonal design of
experiment
Source Sum of'squared Degrees of Mean Ftest Significance
deviation freedom  variance

A 9.250 3 3.083 1344204  <0.01

B 2.343 3 0.781  340.546  <0.01

C 0.298 3 0.099 43271  <0.05

D 0.385 3 0.128 55.981 <0.05

E 0.007 3 0.002 1.000  >0.05

*6 RBEEAREANEEEIES

Table 6 Different fermentation temperature staging ways

Fermentation yr 401 1 Model 2 Model 3 Model 4 Model 5
time (h)
0-12 37°C  37°C 37°C  37°C  30°C
12-24 37°C  30°C 37°C  37°C  30°C
24-36 37°C  30°C 30°C  37°C  30°C
36-48 37°C  30°C 30°C  30°C  30°C

x7T BETUMABERNZM

Table 7 Effect of the temperature on ethanol fermentation

Reducing Total Fermentation
Ethanol .
Model %, V/V) sugars sugars efficiency
" (%, W/V) (%, W/V) (%)
1 17.22+0.07  0.64+0.06 1.88 88.63+0.003
2 17.04£0.11  0.53+0.12 2.05 87.70+0.005
3 17.84+0.06  0.34+0.05 0.83 91.82+0.003
4 17.41+0.08  0.57+0.08 1.62 89.61+0.004
5 16.53+0.15  0.22+0.06 2.57 85.28+0.007

M T LA L, S50 1M, ik 2 ik
WEgE R 22, FTRET 12 h JFAGREIR, FEROR R
W W A P, R A R, DT 42 7 1]
IER; a4 SRHT 36 h [l HES A v il D g vk 2
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