Korean J. Appl. Microbiol. Bioeng.
Vol. 9, No. 2, 71~75 (1981).

BRAEBERY BUEWEY A &3

(35+=%) Ethanol %S $3 FFMEL-BEEEAS BE

TAR, 2L B R SRB
WEFHR B TR B B g
SR AER SR SRR
198149 249 259 <=

Studies on the Microbial Utilization of Agricultural Wastes

(Part 13) Optimization of Simultaneous Hydrolysis-Fermentation
for Ethanol Production from Rice Straw

Jung Yun Lee, Byung Hong Kim, Moo Bae, Sung-Kih Kim*
Applied Microbiology Laboratory, Korea Institute of Science and
Technology, Seoul, Korea
*Department of Food Science and Nutrition Dan Kook

University, Seoul, Korea
(Received February 25, 1981)

Abstract

Studies were made to optimize the simultaneous hydrolysis—fermentation (SSF) process for the produc-
tion of ethanol from rice straw. Trichoderma sp. KI 7-2 was selected to produced cellulase by solid
culture for SSF. Ethanol production was highest when the SSF process utilized koji culture of the fun-

gus grown on a medium of wheat bran-rice straw 3 : 2 mixture with moisture content of 509 adjusted

to pH 4.5 for 7 days as the enzyme source. It was found that pretreatment of the substrate is not

necessary.

To ferment 1g of rice straw by SSF 2.47 units of cellulase were required, and the initial yeast

concentration of 2.5X107 cell/m! was found to be sufficient.

Optimum pH and temperature for the

process were 4.5 and 40°C, respectively. It was also found that higher ethanol concentration in the

broth can be obtained by the addition of substrate or substrate and enzyme to SSF broth.
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Table 1. SSF of Culting Milled Rice Straw
Using Enzyme Produced by Various
Cellulolytic Fungi.

Strain No. Ethanol Production

(%, v/v)

Trichoderma reesei QM 9123 1.47
Trichoderwia reesei QM 9414 2.23
Trichoderma viride TO 4 0.98
Trichoderma sp. KI 7-2 2.46
KI 7-5 0.82

Tri 2 0.59

Tri 5 0.56

Tri 6 1.13

Tri 7 2.20

Su 4-2B 0.80

Aspergillus sp. Asp-9 0.43
CH 9-2 0.64

KY 10-1 0.47

Penicillium sp. KI 1-14F 1.58
Neurospora sp. CH 2-6 2.00

Rice straw powder was fermented by SSF met-
hod at 37°C for 48 hours before the concentration
of ethanol was measured.
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Fig. 1. Effect of Rice Straw(RS) Addiion fto
Wheat Bran (WB) Solid Culture Med-
ium on Cellulase Production for SSF
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Table 2. Effect of Moisture Content in Koji
Culture on SSF

Ethanol (%, v/v)

Solid-Moisture Incubation time (day)

Ratio
1 2 3
1.0:0.8 1.265 1.440 1.515
1.0:0.9 1. 290 1.135 1.615
1.0:1.0 1. 340 1.563 1.835
1.0:1.1 1.120 1.240 1.685
1.0:1.2 1. 220 1.515 1.820
1.0:1.3 1. 055 1. 290 1.810
1.0:1.4 1.045 1.315 1.475
1.0:1.5 1. 040 1. 265 1.455
1.0:1.6 1. 025 1. 260 1.375

Table 3. Effect of pH on the Cellulase Prod-
uetion by Koji Culture Measured by

SSF
Ethanol (%, v/v)
pH Incubation time (day)
1 2 3

4.0 1.54 2.03 2. 365
4.5 1.81 2. 265 2.65
5.0 1.64 2.215 2.535
5.5 1.52 1. 945 2.225
6.0 1.28 1.53 2.035
6.5 1.21 1. 455 1.715
7.0 1.20 1.385 1.720
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Fig. 2. Effect of Koji Culture Age on SSF

Table 4. Effect of Various Pretreatments ef
Rice Straw on SSF

Ethanol (%, v/v)

Pretreatment Tncubation time (day)
1 2 3 4 6

Control .15 169 1.31 1.11 1.10
Ball mill 1.33 166 1.70 0.91 1.36
Thermal

soemal 0.93 1.09 144 0.69 1.04
NaOH 1.32 1.46 1.25 0.8 1.24
Peracetic acid 0.81 1.12 1.41 0.83 1.23
Allalie- 4 35 143 120 111 122

The conditions for each treatment is as follows;
Ball mill for 24 hours.

Thermal treatment at 140°C for 2 hours under N;
atomosphere.

NaOH (29%) at ambient temperature for 24 hours.
Peraeetic acid treatment at ambient temperature for
24 hours.

Alkaline-Butannl (NaOH-saturated butanol) treat-
ment atambient temaperature for 24 hours.
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Table 5. Effect of Cellulase Activity on SSF
of Rice Straw

Ethanol (%)

Koji(g) Incubation time(day)
1 2 3

4g 0.83 1.28 1.486

5g 0.91 1.675 1.745
10g 1.74 1.915 2.36
l4g 1.90 2.14 2.24
20g 1.92 2.165 2. 05

Table 6. Effect of Initial Yeast Cell Concent-

ration on SSF of Rice Straw

Ethanol (%)

Yeast
(cell/ml) Incubation time (day)
1 2 3
2.5%107 1.63 1. 89 2.00
5.0%107 1.70 2.04 2.22
7.5%107 1.68 1.96 1.91
1.0x108 1.68 1.86 1.93

Yeast was added to SSF broth consisting of 13g
of rice straw powder 10g of koji and 70m! of salt
solution (pH4.5) before the mixture was incubated

at 37°C
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Fig. 3. Effect of pH on SSF of Rice Straw
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