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Comparison of the Energy Consumption and Composition
of Acorn Starch Alcoholic Fermentation of Two Materials

LI Anping' > TIAN YuHeng' XIE Bixia' LIN Qindu'’

(1. Central South University of Forestry and Technology Changsha 410004 China; 2. Food Processing and
Quality Control Key Laboratories of Hunan Province Changsha 410004 China)

Abstract: The alcohol conversion rate energy consumption and the composition of alcoholic fermentation
liquid of uncooked and cooked acorn starch were investigated. The results showed that: the alcohol fermenta—
tion conversion rates of the two materials were not significantly different ( P >0.05)  and the uncooked acorn
starch fermentation eliminated the need for cooking liquefaction and saccharification reducing energy con—
sumption. Processing 50 g acorns into ethanol saved 182.215 kJ compared with the whole process of fermenta—
tion process. HPLC and GC-MS chromatogram showed that the uncooked fermentation method compared with
the traditional fermentation method produced a similar amount of alcohol but its quality was higher.
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Tab.1 Comparison of the process parameters and alcohol conversion rate on the uncooked

and cooked acorn starch fermentation technology

Process parameters

5

[tem
Uncooked fermentation Cooked fermentation

/ 100 100
Experimental 1:2.8 1:4
conditions /C 100
/min 60
H(U=g™) 9 10
/C 60
/min 30
/(U-g™ 200 150
/°C 60
/min 60
(U-g™) 36 —
pH 4.5
1% ((w/w) 0.3 0.3
/h 96 60
/°C 36 36

1% (v/v) 14.6 +0.09 15.3 +£0.16

Experimental results 1% 83.73 +1.47 86.6+1.94

2.2
36 C 50 ¢ 250 mL o
( x x =0.05mx0.05 mx0.1 m) 0.022 5 m’,
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1

HPLC

Fig. 1  Comparison of HPLC chromatograph of the fermented liquors on uncooked and cooked acorn starch fermentation technology

2

Tab.2 Comparison on the energy consumption on uncooked and cooked acorn starch fermentation technology

50g 50 g raw material production
Saved energy
[tem .
Uncooked fermentation Cooked fermentation consumption
k]
— 147.375 £2.76 147.375 £2.76
Energy consumption during cooking process
k]
— 19.688 £0.18 19.688 +0.18
Energy consumption in fluidify process
/k]J
— 17.923 £0.23 17.923 £0.23
Energy consumption during saccharify process
/kJ Energy
897.468 +4.16 900.240 £5.97 2.772 £0.13

consumption during main fermentation process

/kJ Sum

897.468 +4.16

1 085.226 +9. 14 182.215 +£3.34

Yok 1%

o %k significant at 0. 05 level.
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3
1:2.8 1:4 Tab.3 Comparison of ingredients of the fermented liquors on
0.14 uncooked and cooked acorn starch fermentation technology
0.20 kg 2, /(g+ L") Content
2 50 g
) Composition
Uncooked fermentation ~ Cooked fermentation
Glucose 19. 84 27.20
(P >0.05)
Fructose 2.34 2.52
Succinic acid 5.12 5.42
(P<0.05) .
3 Lactic acid 0.93 1.95
Glycerol 8.65 10. 19
184. 986 kJ. Acetic acid 4.76 6.37
Ethanol 149.57 153.03
182. 215 kJ. Abundance
It 900 000 TIC:5-2.D\data.ms
3.8 x10° kJ 800 000
164.8 kg ( 700 000
23 000 kJ/kg) - S00:000
500 000
400 000
° 300 000
2.3 200 000
100 000
Time --= 6.00 8.00 .10.00 12.00 14.00 16.00 18.0020.00 22.00 24.00 26.00 28.00
2 GC-MS
HPLC 2
Fig.2 GC-MS chromatograph of the uncooked acorn starch fermented liquors
R Abundance
. . 1 200 000 TIC:3-2.D\data.ms
1 100 000
1 000 000
o 900 000
800 000
700 000 |
205 600 000
500 000
~215 nm 400 000
300 000
200 000
100 000
205 nm. 1 3 Time--~ 6.00 8.00 10.00 12.00 14.00 16.00 18.0020.00 22.00 24.00 26.00 28.00
A1.A2.A3
3 GC-MS
Fig.3 GC-MS chromatograph of the cooked acorn starch fermented liquors
B1.B2.B3 ~
100 mg/L 1 1 .2 .3

. 4 5 . 6 N o 1 A2 A3 B2
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5.

Tab.4 Ingredients of the liquors of uncooked acorn starch fermented by GC-MS

/min /%

No. Retention time Major peaks Content Compound

1 6.394 57 394 949 63.931

2 10.639 2 672 820 2.884

3 11.137 921 359 0.99%4 2-

4 13.029 571 688 0.617

5 14.043 670 198 0.723

6 15.011 613 194 0. 662

7 15.941 1 227 235 1.324

8 16. 642 8 996 344 8.707

9 16.833 835 851 0.902

10 16.974 3 544 875 3.825 2 -
11 18. 660 931 737 1.005

12 20.938 13 234 089 13.280 23-

5 GC-MS
Tab.5 Ingredients of the liquors of cooked acorn starch fermented by GC-MS
/min /%

No. Retention time Major peaks Content Compound

1 6.405 76 364 869 64.511

2 10. 641 2 950 901 2.493

3 11.138 912 736 0.771 2 -

4 13.030 825 883 0.698

5 14.044 1 075 421 0.908

6 15.013 927 020 0.783

7 15.539 955 561 0.807 3-

8 15.944 1 334 886 1.128

9 16. 644 10 374 550 8.764

10 16.833 978 708 0.827

11 16.977 4 375915 3.697 2 -
12 18. 665 708 919 0.599

13 19.114 714 914 0. 604 3- -3-
14 20.941 14 962 526 12. 640 23-
15 21.063 911 799 0.770
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4. 5 GC-MS
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6 GC-MS

Tab.6 Systematic comparison of raw material and classical technology by GC-MS

/% Relative content

Process conditions

Ethanol Fusel oil Esters Acids Other
Uncooked fermentation 63.931 24.756 3.546 1.941 5.824
Traditional fermentation 64.511 24.550 3.276 2.587 5.067
3
» GC-MS HPLC
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