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Table 1 Coding table of factors and levels used in Box-Behnken

test design
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Fig. 1 Effect of enzyme addition on the degree of hy-

drolysis and protein extraction rate
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and protein extraction rate
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Table 2 Experiment design and result
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No. Temperature addition pH value Time degree (%) extraction rate (%)
1 —1 —1 0 0 29.1 78.8
2 1 —1 0 0 33.1 84.7
3 —1 1 0 0 34.1 84.9
4 1 1 0 0 37.7 88.5
5 0 0 —1 —1 25.1 74.1
6 0 0 1 —1 28.6 77.8
7 0 0 —1 1 28.2 79.9
8 0 0 1 1 36.8 83.9
9 —1 0 0 —1 28.9 79.4
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Continued table 2
A RN pH fi i 1 ot ES
o. emperature Enzyme addition pH value Time degree (%) extraction rate (%)
10 1 0 0 —1 31.6 80. 6
11 —1 0 0 1 33.9 83.2
12 1 0 0 1 36.9 89.0
13 0 —1 —1 0 24.9 75.5
14 0 1 —1 0 31.9 80. 2
15 0 —1 1 0 32.2 80. 1
16 0 1 1 0 36.3 85.2
17 —1 0 —1 0 23.4 71.9
18 1 0 —1 0 25.7 75.9
19 —1 0 1 0 28.6 76.3
20 1 0 1 0 32.4 80. 2
21 0 —1 0 —1 30. 4 82.2
22 0 1 0 —1 36.6 89.6
23 0 —1 0 1 37.5 90. 3
24 0 1 0 1 40. 8 93.2
25 0 0 0 0 40.5 90. 3
26 0 0 0 0 40.0 91.5
27 0 0 0 0 39.1 91.9
28 0 0 0 0 39.4 90.7
29 0 0 0 0 39.6 91.1
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Table 3  Analysis of variance for the quadratic model (degree of hydrolysis)

B3/ Rl SRit): W7 F{H P H
Source Sum of squares Freedom Mean squares F value P value
% Model 759. 23 14 54.23 231.79 <<0.000 1
A 31. 36 1 31. 36 134. 05 <20. 000 1
B 76.00 1 76.00 324. 85 <20. 000 1
C 106. 21 1 106. 21 453.95 <20. 000 1
D 90. 20 1 90. 20 385.53 <20. 000 1
AB 0. 040 1 0. 040 0.17 0.6855
AC 0. 56 1 0. 56 2.40 0.143 3
AD 0.023 1 0.023 0.096 0.761 0
BC 2.10 1 2.10 8.99 0.009 6
BD 2.10 1 2.10 8.99 0.009 6
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Continued table 3
B3 -5 Fi H i B W7 F{H P H
Source Sum of squares Freedom Mean squares F value P value
CD 6.50 1 6.50 27.79 0.000 1
A’ 149. 29 1 149. 29 638.10 <20. 000 1
B’ 8. 54 1 8. 54 36.51 <C0.000 1
C? 360. 98 1 360. 98 1542.90 <20. 000 1
D* 34.61 1 34.61 147.94 <20. 000 1
JAIA Lack of fit 2.09 10 0.21 0.70 0.704 2
4l % Pure error 1.19 4 0. 30
B Sum 762.50 28

[ B o] 753 2 38 BOR (E) 58 (A) [ 3 i &
(B).pH {8 (C) . [ fif B 1] (D) /9 = ¥ £ 5 2 1] 15
i e

E=91.10+2. 03A+2. 50B+2. 17C+2. 98D —
0.58AB—0. 025AC+1.15AD+0. 10BC—1. 12BD+
0.075CD—5. 77A% —0. 79B* —9. 82C* —2. 04D,

224 A%, B P O{H <T0.000 1, %k #8135 K
0. 440 7>>0. 05, 3 WIIZ B RU4DL 5 A8 B2 30T s g R 4K
R4 FHESW(BEARRNE)

R*=0.993 7, Ut W48 H 3 52 5 #5000 {8 2 ] A 3¢
WA B, R 4 hEy F B R/NTE AL & HE
Xof i BB B 5 00 IR R D>>B>C>> A BRIV fige i 7] >
7R > pH H >R, — kI A B.C.D X &E
J 2 BB (1455 1 s B0 A I B 3 K 5 28 BT AD L BD
X B IBCR (5 A 2 RS AR, 4
A3 M O] HNZ AR R 5 S B A A st ol TR
IR 42 BOR

Table 4 Analysis of variance for the quadratic model (protein extraction rate)

R - J7 #l F B ¥yr F {8 P18
Source Sum of squares Freedom Mean squares F value P value
7 Model 1047, 34 14 74. 81 156. 71 <<0. 000 1
A 49. 61 1 49. 61 103. 93 <0.000 1
B 75.00 1 75.00 157.11 <<0. 000 1
C 56. 33 1 56. 33 118.00 <<0.000 1
D 106. 80 1 106. 80 223.73 <<0. 000 1
AB 1.32 1 1.32 2.77 0.118 2
AC 0.002 5 1 0.002 5 0. 005 2 0.943 3
AD 5.29 1 5.29 11.08 0.005 0
BC 0. 040 1 0. 040 0. 084 0.776 5
BD 5.06 1 5.06 10. 60 0. 005 7
CD 0.022 1 0.022 0.047 0.8313
A? 215. 70 1 215. 70 451. 85 <<0.000 1
B* 4.07 1 4.07 8.52 0.011 2
c? 625. 08 1 625. 08 1 309. 40 <0.000 1
D* 27.04 1 27. 04 56. 64 <0.000 1
JHUI Lack of fit 5.08 10 0.51 1.27 0.440 7
4li{% 2% Pure errol 1. 60 4 0. 40
BT Sum 1 054.03 28
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Fig. 5 Response surface map of cross effect of each factors (degree of hydrolysis)
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Effects of Supernatant and Secondary Condensate from Industri-
al Waste Water on Fuel Ethanol Fermentation

ZHOU Yong
(Cofco Biotechnology Co. ,Ltd. ; Bengbu, Anhui,233010,China)

Abstract: In order to study the feasibility of reusing the waste water from fuel ethanol production,the organic
acids in the supernatant and secondary condensate samples produced during the process of fuel ethanol fer-
mentation were taken as the research object to analyze the compositions of organic acids in these samples as
well as to investigate the effects of single organic acid,water samples before and after D318 ion exchange res-
in treatment on the growth and ethanol production of S. cerevisiae NJ-2019. Results showed that acetic acid,
lactic acid, propionic acid and citric acid were the main organic acids in the supernatant,but the main organic
acids in the secondary condensate were acetic acid and lactic acid. Lactic acid and propionic acid showed signif-
icant inhibition on the growth and fermentation of S. cerevisiae NJ-2019, with the minimum inhibitory con-
centrations of 7.0 and 1. 0 g/L,respectively. When the supernatant and secondary condensate samples were
reused directly.the supernatant presented stronger inhibition on ethanol fermentation process. However, re-
moval or partial removal of organic acids in the supernatant and secondary condensate samples could increase
ethanol production by 10. 11% and 9. 85% , respectively. Therefore, both the supernatant and the secondary
condensate produced in the fuel ethanol fermentation had potential for reuse, which was conducive to energy
conservation and emission reduction in the ethanol production process.

Key words: fuel ethanol, supernatant, secondary condensate, reuse, energy conservation and emission reduc-
tion,organic acids,fermentation
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Abstract : In order to improve the degree of rice protein hydrolysis and extraction rate,response surface meth-
od was used to optimize the hydrolysis process of rice proteins. In this study,first of all,the single factor ex-
periment method was used to analyze the effect of enzyme addition amount,temperature,pH value and enzy-
matic hydrolysis time on rice protein hydrolysis. Furthermore,on the basis of single factor experiment, Box-
Behnken method was used to design the experiment to investigate the influence of the above four factors on
the degree of rice protein hydrolysis and protein extraction rate. The results showed that the optimum condi-
tions of enzymatic hydrolysis were temperature 62°C , enzyme addition 2. 5%, pH 8. 2, and hydrolysis time
10. 5 h. Under this condition,the degree of hydrolysis of rice protein could reach 41.5% ,and the rate of pro-
tein extraction could reach 93. 1%. The research results can provide references for the industrial application of
soluble rice protein peptide prepared by enzymatic hydrolysis.

Key words: response surface method, rice protein, enzymatic hydrolysis, degree of hydrolysis, protein extrac-
tion rate
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