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Abstract — Physical and chemical barriers, caused by the close association of the main components of cellulosic bio-
mass, hinder the hydrolysis of cellulose to fermentable sugars. Since the main goal of pretreatment is to increase the
enzyme accessibility improving digestibility of cellulose, development of an effective pretreatment process has been
considered to be important. In this study, SAA (Soaking in Aqueous Ammonia) was chosen as pretreatment because this
is the simple and low-cost method. Rice straw of which the production is outstandingly high in domestic agriculture res-
idues in Korea was chosen as raw material. SSA pretreatment with various reaction time of 3 h to 72 h was tested. The
enzymatic hydrolysis and SSF (Simultaneous Saccharification and Fermentation) were performed at three different tem-
perature (30, 40 and 50 °C) to investigate performance of SSF upon various pretreatment conditions. As a result, this
SAA treated-rice straw was found to have great potential for effective enzymatic hydrolysis and SSF with lower enzyme
dosage at lower temperature (30 °C) than its conventional SSF. In SAA addition, SAA reduced fermentation time to 24 h
owing to increase the initial hydrolysis rate substantially.
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Fig. 1. Changes of major components (%) after SSA pretreatment
for 3, 12, 24 and 72 h.

Table 1. Components loss (%) after SAA pretreatment for 3, 12, 24

and 72 h
Pretreated Pretreated Pretreated Pretreated
RS 3h RS 12h RS 24h RS 72h
Cellulose loss (%) 12.9 17.7 184 22.1
Hemi-cellulose loss (%)  12.1 22.1 27.7 37.0
Klason lignin loss (%) 59.4 72.2 73.3 76.1
Solid remain (%) 75.2 66.7 64.8 55.3

RS : rice straw
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Fig. 2. Effect of enzyme dosage on the enzymatic hydrolysis of sub-
strates for 72 h. A is raw rice straw, B is pretreated rice straw
for 12 h, C is pretreated rice straw for 24 h, D is Whatman
no.1 (filter paper) and E is a-cellulose. Substrate concentra-
tion 5% (w/v), pH 4.8, temperature 50 °C.
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Fig. 3. Effect of pretreatment and temperature on the enzymatic
hydrolysis of substrates for 72 h. A is raw rice straw, B, C, D
and E are pretreated rice straw each for 3 h, 12 h, 24 h and 72 h.
F is Whatman no.1, G is a-cellulose and H is microcrystal-
line. Substrate concentration 5% (w/v), pH 4.8, enzyme dos-
age Celluclast 1.5L 20 FPU/ml, Novozyme-188 135 CBU/ml.
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Table 2. Decrement (%) of final glucose conversion according to change

of temperature
Decrement (%)  Decrement (%) Decrement (%)
50 °C—40 °C 40°C—-30°C 50°C—-30°C
Raw RS 7.8 16.6 23.1
Pretreated RS 3 h 1.2 11.3 12.4
Pretreated RS 12 h 35 8.5 11.7
Pretreated RS 24 h 0.4 79 8.3
Pretreated RS 72 h 2.1 6.5 8.5
Whatman no.1 17.4 33.8 453
a-cellullose 7.8 304 35.8
Microcrystalline 8.8 359 41.6
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Fig. 4. Effect of pretreatment about reaction time on the enzymatic
hydrolysis of pretreated rice straw. The hydrolysis tempera-
ture is that A and D are 30 °C, B and E are 40 °C, C and F
are 50 °C. Substrate concentration 5% (w/v), pH 4.8, enzyme
dosage Celluclast 1.5L 20 FPU/ml, Novozyme-188 135 CBU/ml.
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Fig. 5. Effect of temperature on the SSF of pretreated rice straw
for 3 h. Substrate concentration 5% (w/v), pH 4.8.
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Fig. 6. Effect of temperature on the SSF of pretreated rice straw
for 12 h. Substrate concentration 5% (w/v), pH 4.8.
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Fig. 7. Effect of temperature on the SSF of pretreated rice straw
for 24 h. Substrate concentration 5% (w/v), pH 4.8.
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Fig. 8. Effect of temperature on the SSF of pretreated rice straw
for 72 h. Substrate concentration 5% (w/v), pH 4.8.
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Fig. 9. Effects of pretreatment and temperature on the SSF of sub-
strates for 72 h. A is raw rice straw, B, C, D and E are pre-
treated rice straw each for 3 h, 12 h, 24 h and 72 h. F is
Whatman no.1, G is a-cellulose and H is microcrystalline.
Substrate concentration 5% (w/v), pH 4.8.
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