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of the Rotating Drum Type Bioattritor for Direct
Saccharification of Raw Starch
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Abstract — Raw starch can be effectively saccharified in an enzyme reaction system containing
attrition-milling media. In order to develop an efficient attrition-coupled bioreactor(bioattritor), a
rotating drum type bioattritor was constructed, and its optimal operation conditions and power
consumptions were evaluated. The optimal conditions for 3/ bioattritor were 4 baffled, baffle size
of 1:0.05 (the ratio of drum diameter to baffle), drum rotation speed of 100 rpm, and 1.33 g of
3 mm glass bead/g of raw corn starch. The power consumption for rotation of drum and energy
consumption for half saccharification of raw starch were also evaluated, and compared with enhan-
ced rate and vyield to predict the economic feasibility. Energy consumption at above conditions
was measured to be around 0.18 watt-h per 1.0g of glucose. The rotating drum type bioattritor
seems to have an appropriated structure for industrial scale operation, and further investigation
need to be conducted for scale-up.
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Fig. 1. The cross-sectional picture and dimension of
reaction vessels (dimension: cm).

(A) 1:0.0 baffle, {(B) 1:0.05 baffle, (C) 1:0.1 baffle, (D)
1:0.2 baffle, (E} 6! reaction vessel
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Fig. 2. Hydrolysis of raw starch in rotating drum type
bioattritor with and without attrition-milling media; 225
g/l raw corn starch, 1.33 g of glass bead/g of raw corn
starch, 100 rpm, 1:0.05 baffle, 55°C, pH 3.8.
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Fig. 3. Effect of baffle sizes in rotating drum type bioa-
ttritor on enzymatic hydrolysis of raw starch; 225 g/f
raw corn starch, 1.33 g of glass bead/g of raw corn
starch, 55°C.
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1:0.2 baffle, @; without bead, 1:0.05 balffle
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Fig. 4. Effect of baffle numbers in rotating drum type
bioattritor on enzymatic hydrolysis of raw starch; 225
o/l raw corn starch, 1.33 g of glass bead/g of raw corn
starch, 1:0.05 baffle, 55°C.

1 four haffle, ~; eight baffle, _; random baffle, <;
without baftle, @; without bead

Table 1. Effect of baffle size and rotation speed on
enzymatic hydrolysis of raw starch (Umt: g/l)

Hydrolysis time (h)

4 8 12 24

1. 0.00 Baftle
50 rpm 126 160 180 204
100 rpm 135 180 205 221
200 rpm 130 172 192 212

1. 0.05 Baffle
50 rpm 131 165 192 210
100 rpm 160 205 220 242
200 rpm 150 185 201 220

1 (.10 Baftle
50 rpm 130 177 203 221
100 rpm 140 190 212 230
200 rpm 122 170 185 210

17 0.20 Baffle
50 rpm 120 163 185 202
100 rpm 130 172 190 208
200 rpm 112 158 179 199

Conditions: 225 g/l raw corn starch, 1.33 g of glass
bead (3 mm)/g of raw corn starch, 3! drum, 55C.
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Fig. 5. Effect of amount of glass bead in rotating drum

type bioattritor on enzymatic hydrolysis of raw starch;
225 g/l raw corn starch, 10{)5 baffle, 55°C.

®; without bead, ¥v; 0.67, ©; 133, [I; 200, »; 267 ¢
of glass bead/g of raw corn St.arch.
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Fig. 6. Effect of the size of beads in rotating drum
type bioattritor on enzymatic hydrolysis of raw starch;
225 g/l raw corn starch, 1.33 g of glass bead/g of raw
corn starch, 1:0.05 baffle, 55°C.

®; without bead, ©; 3 mm glass bead, ~; 6 mm glass
bead, v; 13 mm glass bead
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Fig. 7. Effect of volume size of bioattritor on enzymatic
hydroiysis of raw starch; 225 g/l raw corn starch, 1.33 g
of glass bead/g of raw corn starch, 1:0.05 baffle, 55°C.
=3 31 drum, _; 6/ drum
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Table 2. Comparison of power and energy required for
half saccharification of raw starch under the various
saccharification conditions

HSF*  Power Energy EG**
(h) (watt/l)  (watt-h/l) (watt-h/g)

Rotation speed

50 rpm 3.6 10.24 36.86 0.31

100 rpm 2.4 9.21 22.10 0.18

200 rpm 3.0 3.01 24.03 0.20
Amuont of glass bead***

067 g/g 30 845 9535 0.21

133 gl 24 9.21 22.10 0.18

200 g/g 2.3 10.34 23.78 0.20

267 u/g 4.0 11.45 41.80 0.38
Size of baffle

1:0.00 2.8 9.61 26.91 0.22

1:0.05 24 9,21 22.10 0.18

1:0.10 3.2 9.41 30.11 (.25

1:0.20 3.6 10.01 36.04 0.30
Number of baffle

0 3.0 9.61 28.83 0.24

4 24 921 22.10 0,18

8 2.3 8.84 20.33 0.17
Size of drum

31 2.4 9.21 22.10 0.18

6/ 2.3 6.82 15.69 0.13
Size of bead

3 mm 2.4 9.21 22.10 0.18

6 mm 3.4 941 31.99 0.27

13 mm 3.8 9.46 39.945 (.30
Optimal con- 24 9.21 22.10 0.18
dition

b

*HSF: Half saccharification time, **EG: Energy requi-
red for production of 1g of glucose, ***g of glass
bead/g of raw corn starch

Conditions: 225 g/l raw corn starch, 1:0.05 baftle, 100
rpm, 1.33g of glass bead/g of raw corn starch, 3/
drum, 55C.
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