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1.4.1 Table 1 Factors and levels of response surface experiments
16 100 g for process conditions optimization of NaOH pretreatment
( 68%) 500 mL NaOH — (4) / (B)/ (a1 (D)1
100 mL 0.05 mol/L (mol « L~1) (g:ml) min i
NaOH pH 50. -1 1.5 1:12 60 65
0 2.0 1:14 75 75
N822035 1 2.5 1:16 90 85
72 h 50 C
150 r/min. ) 250 mL 10 *Brix
60 ¢ 100 mL  121C 15 min
¢ 1
1.4.2° NaOH 27 €150 r/min 24 h.
10% 3 °C 120 r/min 72 h
NaOH NaOH 0.5~2.5 mol/.L 10’ CFU /ml .
1:6 ~1:16( g : mL) 30 ~90 min 145
45 ~85 C.
60 : : NS22083
N NS22083 (
0.1:100) .100 mL 0.05 mol/L NS22083 500 ml.
250 mL . NaOH 3.56 ml. NS$22086 (0.2 mL /g ).
pH 3.0 S0 €, 150 r/min 0.89 mL NS22002 (0.05 mL /g )
96 h., 1
60 C co,
1.4.3 NaOH O ° ()
4. a
(H) . (D . () 4
NaOH (A) . ( 2)
(B) . (0. (D) ,
(Y) Box~ Table 2 Orthogonal test design table
Benhnken 7 4
(6)1 (H)/ (D7 (N7
3 NaOH % (remin~") k0 h
1 1 10 100 28 72
° 12 120 30 84
1.4.4 3 14 140 32 96
( 1300)
10 °Brix 30°C 48 h o 1.5
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N N GB/T
5009. 9—2016 * . GB/T 6438—2007 " GB/T
6435—2014 * ; N
NREL o DNS 2
B 3
3 o
3
Table 3 Composition of the vinegar residue
/%
68.12 £0.79
5.22+£0.13
8.36 £0.24
7.86 £0.11
5.35+0.18
3.14 £0.29
2.08 £0.15
. 16
(1) .(2)
SY :L;P:Vi' % 41000 (1)
:SY mg/g; Wiep
g Wepve °
EP =h x 100 (2)
CDVR
- EP g/100 g Wipp
g Wepvr NaOH ge
(% +5) Origin Pro 10.2
PASW Statistics 18 Design
Expert 11.1.0.1 0
2
2.1
NS22035
NS22035
1 o 1
NS22035 0.22 mL./100 g
(18.6 £0.1) g/Lo
0.19 mLL/100 ¢
0.22 mLL./100 g (P>0.05)
0.19 mL/100 g
0 96
mL (18.2+0.2) ¢g/L.
30. 1% ( ) ; (27.8
+0.6) g 87.2% .
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Fig.1 Effects of the amount of amylase on crude

starch recovery from fresh vinegar residue

(P <0.05) .
2.2 NaOH
1 :10(g:mlL) . 65 C.
60 min NaOH 0.
5.1.0.1.5.2.0.2.5 mol/L
2 o 2
NaOH
(395.7 +4.2) mg/g.
NaOH
NaOH o NaOH 2 mol/L
(388.7+7.0) mg/g
(P>0.05) .
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Fig.2 Effects of NaOH concentration on

enzymatic degradation of vinegar residue

2.3
NaOH 2 mol /L. 65 C
60 min 1:6.
1:8.1:10.1:12.1: 14.1:16( g: mL)
3 o
(476.0
2.3) mg/g. NaOH
1:14

http://www.cnki.net



(P >0.05) . 85 °C

1:12.1:14.1: 16 o 600
500 '?0 500
= B
ko 400 E 00
& M
£ 300 y 800
41 2 500
= 200 X 100
% 100 0
N . |
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3 Fig.5 Effect of pretreatment temperature on
. . o . ) enzymatic degradation of vinegar residue
Fig.3 Effect of solid<todiquid ratio on enzymatic
degradation of vinegar residue 2.6 NaOH
2.4
Box-Benhnken
NaOH 2 mol /L. 1:14( g: mL) s x
e 4
65°C 30.45.
. 4
60.75.90 min 4
5 o
o 4
4 NaOH
75 mi Table 4 Design and results of response surface experiments
o min
for process conditions optimization of NaOH pretreatment
(548.7 +7.5) mg/g 90
min (557.7 £3.5) mg/g N?OHI Lflfl))/ (B)/ (€)1 (1)1
mol * .
(P>0.05) . (gml)  min  (D)/T  (mg-g™)
. 1 2.0 1:14 90 85 540.2 £3.6
60 ~90 min ° 2 2.0 1:14 75 75 614.0 £5.3
3 2.0 1:14 60 85 538.3 5.7
4 1.5 1:14 75 65 537.5 £4.5
5 2.5 1:14 60 75 580.9 2.4
6 2.0 1:12 60 75 589.1+3.9
7 2.5 1:14 90 75 586.1+3.2
8 2.0 1:12 75 65 528.6 5.7
9 1.5 1:14 75 85 535.1+6.8
4 i A 1 10 2.0 1:16 60 75 531.5+5.7
30 45 60 ke 90 11 2.5 1:16 75 75 577.2+4.3
HAL A ) i
B ES Elmin 12 1.5 1:12 75 75 500.2 +2.8
4 13 2.0 1:14 90 65 596.3 £4.5
Fig.4 Effect of pretreatment time on enzymatic 14 2.5 112 75 75 546.8 £6.3
) _ ) 15 1.5 1:14 90 75 526.6+7.8
degradation of vinegar residue 16 2.0 114 60 65 536.9 44,3
2.5 17 2.0 1:16 75 65 640.5 £4.2
° 18 2.0 1:12 90 75 528.0+2.8
NaOH 2 mol /L. 1:14( g : mL) 19 L5 1: 14 60 75 600.7 7.1
. 20 2.0 1:16 75 85 532.3+6.0
75 min 45~ 21 1.5 1:16 75 75 547.4:4.8
55.65.75.85 C 2 2.0 1:14 75 75 635.1+3.3
5 3 NaOH 23 2.5 1:14 75 85 620.9 +5.4
24 2.5 1:14 75 65 560.1 5.1
o 25 2.0 1:12 75 85 580.2 £6.1
75 OC 26 2.0 1:16 90 75 634.9 £4.0
27 2.0 1:14 75 75 631.3+£3.7
(627.0 £5.6) mg/g 75 € NaOH 28 2.0 1: 14 75 75 647.4%5.5
75 °C 29 2.0 1: 14 75 75 620.4%6.6
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Fig.6  Effect of inoculum concentration of saccharomycetes

on simultaneous saccharification and fermentation
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Fig.7 Effect of table rotational speed on simultaneous

saccharification and fermentation

5
Table 5 Variance analysis of regression model
F P
43 258.9 14 3089.92 5.03 0.002 3 * %
A 4200.02 1 4200.02 6.83 0.020 4 *
B 3036.9 1 3036.9 4.94 0.043 2 *
C 100. 34 1 100. 34 0.16 0.692 3
D 233.2 1 233.2 0.38 0.547 8
AB 70.56 1 70.56 0.11 0.739 8
AC 1572.12 1 1572.12 2.56 0.13211
AD 998. 56 1 998. 56 1.62 0.2232
BC 6765.06 1 6 765.06 11.01 0.005 1 * %
BD 6384.01 1 6384.01 10.39 0.006 1 * %
CD 826.56 1 826.56 1.34 0.265 6
A2 8 989.94 1 8 989.94 14.63 0.001 9 * %
B 7981.55 1 7981.55 1299 0.0029 k%
c? 5260. 64 1 5 260. 64 8.56 0.0111 *
D? 7411.88 1 7411.88 12.06 0.003 7 * %
8 604.52 14 614.61
7 926.54 10 792.65 4.68 0.0752
677.97 4 169.49
51 863.41 28
D (P<0.0§ “¥x%”
(P<0.01) ,
5 4
A>B>D>C BC BD
(P<0.01) A.B
(P<0.05); A B\ D’
(P<0.01) C* (P<0.05)
Design Expert NaOH
NaOH 2.2 mol /L,
1:14( gt mL) | 88 min 70
OC o 3
(653.7 £4.3) mg/g;
94 mlL 17.8 ¢ 64.0%
2.7
6% 8%
10% 12% 14 % 120
r/min 30°C 72 h
6 o
6
0 12%
(27.3 £0.6) g/100 g.
o 12%
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(27.8 +0.8) /100 g.

120 r/min 140 r/min
(P>0.05) ,
120 r/min o
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120 r/min. 72 h
26.28.30.32.34 C
8 o
8 N
30 C
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6
3
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30 C.

84 h.

(34.7 £0.9) g/

Table 6 Orthogonal test and analysis of simultaneous

saccharification and fermentation

(o1 (H)/

/

(01 (N1 _
AP T % (v min~) « b g+ (100 g !
8 1 10 100 28 72 29.7+0.4
2 10 120 30 74 32.6+0.9
Fig.8 Effect of treatment temperature on
3 10 140 32 96 32.3+0.6
simultaneous saccharification and fermentation 4 2 100 30 0% 33.740.3
5 12 120 32 72 32.0+0.7
2.10 6 12 140 28 84 33.0+0.6
12% 120 r/min. 7 14 100 32 84 32.5£0.4
30 C 48 .60 8 14 120 28 96 31.9+0.9
9 14 140 30 72 34.5+0.4
72.84.96 h 0 1 31.533 31.967 31,533 32.067
o 2 32.900 32.167 33.600 32.700
3 32.967 33.267 32.267 32.633
50T 1.434 1.300 2067 0.633
:.5 20 F
o8
i
Loy J( )
£
= ) | | Fo 7
48 60 72 84 96
A r ) (P
<0.10) G,H,1, ],
9
Fig.9 Effect of treatment time on simultaneous -
saccharification and fermentation . .
Table 7 Variance analysis of orthogonal test
9 F F
G 3.927 2 5.402 9.000
84 h
H 2.940 2 4.044 9. 000
(31.8 £1.1) g/100 g- I 6.587 2 9.061  9.000 *
J 0.727 2 1.000 9.000
" 0.730 2
“ v (P<0.10) .
84 h 0
2.11
. 3
N 4
Lo(3%) .
6 7 o °
6 I>G>H>
J
.k ;
G,H:1, ], 14% -

2019 45 20 ( 392 )l 187

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



I 00D AND FERMENTATION INDUSTRIES

28 ~30 C 7 NS22002
30 C
NS22002
34.7 ¢/100 ¢
16 28.7 g/
100 g *
16 g/100 g
1L
.NaOH 27.4
8) . 1L ( ) 25 ~30
8 1L

Table 8 Consumables for production of 1 L alcohol

/

1 NS22035 4.3 mL 35 /L 0.2
2 NS22083 2.3 mL 68 /L 0.2
3 NS22086 80.0 mL 72 /L 5.8
4 NS22002 20.0 mL 88 /L 1.8
5 NaOH 2.7 kg 6 Ikg 16.2
6 4.4 L 0.1 /L 0.4
7 10 °Brix 314.5 mL 9 /L 2.8
4
NS22035
18.2 g/L 30. 1%
o NaOH
NaOH 2.2 mol/L+
1:14( g mL) . 88 min
70 OC o
14% -
140 r/min- 30 C. 84 h
34.7 ¢/100 ¢
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Ethanol fermentation using enzymatic hydrolysate of vinegar residue

LIU Kunyi' > LU Bing' WANG Qi'"

ZHANG Qiang’ LI Xiuping'

1( Wuliangye Technical College Yibin Vocational and Technical College Yibin 644003 China)

2( College of Food Science and Technology Yunnan Agricultural University Kunming 650000 China)
Yibin 644000 China)

3( Yibin Sipo Vinegar Co.

ABSTRACT  Vinegar residue as a main waste in the brewing industry can be used as a raw material for ethanol pro—

duction. In this study glucoamylase NS22035 was first used to hydrolyze the starch residue resulting in a glucose —
rich solution with 18.2 g/L glucose then the residues were treated with NaOH solution for 88 min at 70°C followed by

xylanase hydrolysis. The ethanol fermentation was started by combining the two hydrolysates and supplementing cellu—

lase and Saccharomyces cerevisiae. The fermentation was carried out at 140 r/min and 30°C for 84 h. The yield of eth-

anol reached 34.7 g/100 g. These results indicated the feasibility of vinegar residue to ethanol by fermentation.

Key words

vinegar residue; enzymatic hydrolysis; ethanol fermentation
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