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Abstract

For the eventual alcohol production from uncooked starch, an efficient saccharification process was

examined by using the combined action of steeping, pectin depolymerase, a-amylase and glucoamylase. The
total sugar content of rice, sweet potato and tapioka used were 4.53, 4.26, and 3.92 mmole/g sample.
70 + 10% of the total sugar was hydrolyzed when cooked starch was saccharified under the condition which is
currently used in industry. The smaller starch particle was used, the more saccharification was obtained.

Efficient saccharification was obtained by treatment with 5% H,80, (sample: working volume

1:2) at

60°C for 12 hr. Optimization was carried out for the saccharification of uncooked starch by the combined

action of pectin deploymerase, a-amylase and glucoamylase. The conditions are: pectin depolymerase; pH
4.5, 45°C, 2 hr,e-amylase; pH 6.0, 60°C, 1 hr, and glucoamylase; pH 3.5, 60°C, 1 hr. Simultaneous treatment
of the combined action of macerating, liquifying and saccharifying enzymes yielded better result than
stepwise treatment of 3 enzymes. Degrees of saccharification of uncooked tapioka, rice and sweet potato
were 82, 90.5, and 84.5%, respectively on the basis of total sugar, under the optimized conditions.
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Table 1.The effect of the particle size of raw
starch on sugar conversion

Hydrolysis (%)

Particle
size Based on total Based on the conven-
(mesh) hydrolysis tional hydrolysis with
cooking
30 46.7 58.4
60 59.9 74.9
100 70.8 88.5
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Table 2. Steeping effect with H,SO,
Hydrolysis (%)

Based on total

Based on the
Treatment

hydrolysis conventional
hydrolysis with
cooking

Acid steeping 6.8 8.5

only*
Enzyme treament 23.0 28.8

only
Enzyme treatment

with acid 71.0 83. 8

steeping

* 5% — H,SO, steeping for 12 hr at 60T
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Fig.1. The effect of concentration of sulfuric

acid used on sugar conversion
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Table 3. The effect of the steeping temperature
with 5% sulfuric acid on sugar conver-

sion
Steeping Hydrolysis (%)
temperature Based on total Basedonthe conven-
hydrolysis tional hydrolysis
with cooking

40 22.0 27.5

50 43.0 53.8

60 71.2 89. 0
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Fig. 2. The effect of amount of pectin depolymerase
on sugar conversion
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Table 4. The effect of enzyme addition on sugar
conversion
Hydrolysis (%)

Sequence

of enzyme Based on total Based on the con-
addition hydrolysis ventional hydrolysis

with cooking

Simultaneous 82.0 102.5
Stepwise 73.7 921
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Sample, 10g 5% H,SO, Solution, 20 m!

L |
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Reducing Sugar Determination

Fig.10. Flow sheet of saccharification of

uncooked starch and sugar determination
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Table 5. The comparison of hydrolysis of the
various starch sources at the optimized

conditions
5 g,
Starch Hydrolysis (%)
sources Based on total Based on the con-
hydrolysis ventional hydrolysis
with cooking
Tapioca 82.0 102.5
Rice 90.5 113. 2
Sweet potate 84.5 106. 0
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