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Effect of Mixing Pattern of Different Types of Bioreactor
on Enzymatic Hydrolysis of Cellulose
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Kyungpook National University, Taegu 702-701, Korea.

ABSTRACT

Celluose is an insoluble substrate, therefore, a proper mixing of the cellulose suspension is essential for an
effective enzymatic hydrolysis. To study the effect of mixing motion of various enzyme reactors on enzymatic
hydrolysis of cellulose, three distinct types of biroreator : vertical impeller type bioreator(VITB), horizontal
paddle type bioreactor(HPTB), and tumbling drum type bioreactor(TDTB), were assembled and their perform-
ance was compared. The optimal agitation speed was 100rpm for VITB and HPTB, 200rpm for TDTB. The
saccharification efficiency of each reactors was compared under the optimal agitation intensity. The highest
degree of saccharification was achieved in the case of VITB, especially, at high cellulose concentration. The
VITB seems to be the most suitable type of bioreactor that can maintain proper mixing pattern for effective
enzyme reaction. In the view of energy consumption, the TDTB showed the lowest value : however, the energy
consumption was rapidly increased at high concentration of celluose. To dertermine the most suitable type of
bioreactor, the entire process, including substrate cost, substrate concentration, and feasibility of scale-up, needs
to be evaluated.
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Fig. 2. Effect of Agitation Speed on Enzymatic
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Table 1. The Effect of Agitation Speed on Rela-
tive Activity of CMCase and FPase.

Unit: %
Hydrolysis
Time Ohr 4hr 8hr 12hr 24 br
Agitation
i CMCase
100 rpm 100 98 98 98 98
300 rpm 100 98 95 94 94
500 rpm 100 96 93 92 90
FPase
100 rpm 100 97 95 94 94
300 rpm 100 95 93 91 88
500 rpm 100 87 85 84 83

* CMCase ; Carboxymethylcellulase activity
FPase ; Filter paper activity
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Fig. 3. Effect of Agitation Speed on Enzymatic
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Table 2. Effect of Substrate Concentration and Agitation Speed on Enzymatic Hydrolysis of
Cellulose in Different Bioreactors.

Reducing Sugar Concentration, g/L

Condition anr 8hr 12hr 24hr
100rpm,  50g/L 10(18) 15.5(28) 18(33) 24.5(45)
75g/L 14(17) 24(24) 24(29) 32(39)
v 100g/L 19(17) 24.5(22) 29.5(27) 38.5(35)

1

T | 300rpm,  75g/L 13.5(16) 19.5(27) 23(28) 31(38)
B 100g/L 19(17) 25(23) 29(26) 39.5(36)
500rpm,  75g/L 13(15) 18(22) 22(27) 30(38)
100g/L 20(18) 25.5(23) 29(26) 38(35)
100rpm,  50g/L 9.5(17) 13.5(25) 16.5(30) 24(44)
H 758/L 12(15) 18(22) 23(28) 30(36)
p 100g/L 16(15) 22(20 27(25) 35(29)
B | 150pm,  75g/L 11.5(14) 17(21) 21(25) 29(35)
100g/L 14(13) 21(19) 23(21) 32(29)
100rpm 50g/L 8(15) 11(20 13(24) 17(31)
T 75g/L 12(15) 16(19) 18(22) 25(30)
D 100g/L 14(13) 18(16) 21(19) 29(26)
B | 200rpm 75g/L 13(16) 18(22) 20(24) 26(32)
100g/L 15(14) 22(20) 23(21) 32(29)

( ) ; Degree of Conversion, %

VITB ; Vertical Impeller Type Bioreactor
HPTB ; Horizontal Paddle Type Bioreactor
TDTB ; Tumbling Drum Type Bioreactor
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t}. 2+ bioreactor & # A g3tz A6 ¢le] A9 initial
power consumption, 714 20%7} 3= ol 445
= A7, 3w 1g§ Qs 4225 odldzE
fokslo] Table 30 Jebf el

Table 3. Comparison of Power Required for 20%
Digestion of Cellulose in Different

Bioreactors.
Initial
Power Tao EC ECRPG
(w/L) (hr) (w.h/L) (w.h/g)
VITB
50g/1* 5 34 17 1.55
75g/1 6.2 5.0 31.3 1.84
100g/1 7.5 5.1 38.3 1.74
HPTB
50g/1 4.7 4.2 19.6 1.78
75g/1 5.3 4.4 28.8 1.69
100g/1 6.3 9.4 595 2.70
TDTB
50g/1 3.9 4.2 13.2 1.20
75g/1 4.5 6.2 279 1.69
100g/1 6.2 8.3 51.0 2.32
Ty : Time Required for 20% Digestion of Cellu-
lose, hr
EC : Energy Consumption, watt*h/L

ECRPG : Energy Consumption Required for Produc-
tion of 1g Glucose, watt*h/g
* : Substrate Concentration(w/v)
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