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ABSTRACT: Acration (or oxygenaton) is a key technique in bioreactor cultures of animal/plant cells or tissues. The design

or scale up of bioreactor processes for animal/plant cell or dssue cultures is challengeable due to the sensitivity of cells to the various

detrimental forces resulted from aeration. The structures and characteristics of three main aeration techniques are reviewed and their

effects on the gas transfer, biomass accumulation, metabolic activities and cell damage are discussed. The modified aeration

techniques as well as their combinations in application are presented.
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A 1-1b £/ Rushton 3
Figure 1-1b Pitched Rushton

B 1-1a M Rushton 3
Figure 1-1a Straight Rushton

disk turbine disk turbine

B 1-2a HHHEER A 1-2b BB TR

Figure 1-2a Straight blade turbine Figure 1-2b Pitched blade turbine
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1-Sclf-votating and floating baffle 3-FRezHE S SRS

N . 8 1- Supporting shaft sleeve  2-Supporting arms
2-Spacingring  3-Rushton disk twbme 3-Stapper 4-Self-rotating flow guide blade

B 1-4 BESRENEE
Figure 1-3 Configuration of the

B -3 BREREREEEE
Figure 1-3 Configuration of the

SRFB surface aeration system SRFG surface aeration system
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Figure 2-1 Bubble column

2-2 SMERS AR EHREE
Figure 2-2 External-loop airlift

bioreactor bioreactor
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Figure 2-4 Split-cylinder

B 2-3 HEABEREAR
EMRNT
Figure 2-3 Draft-tube

internal-loop airlift bioreactor internal-loop airlift bioreactor
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LHEEERE (EEAEE) LRAR GERERE)  1LRAsE (B 2 KT
3R (HAE) LTHE CRRRE)  JEENE (B 4. E47E
SAEBBE CERE) sFiTe (X 1H]
1- Sedimenting zone  2-Liquid-rising zone 1-Top eud plate (moveable) 2-Packing

3-Transitional zone  4-Gas-rising zone 3-Bottown end plate (fixed) 4-Riser

S-Downcomer
Bl2-s BAERAETOA LRSS
Figure 2.6 External-loop air-lift bioreactor with

5-Gas-liquid separater 6-Arsparger
Bi2-5 BREAFHENR NS

Figure 2.5 new aie-Hift and Bquid-Hfc

biereactor parcked hed
B 25 HUSANA L YRR B 2-5 MFERIMERS T EY
Figure 2-5 new air-lift and R A%

liquid-lift bioreactor Figure 2-6 External-loop air-lift

bioreactor with packed bed
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(fixed membrane coil ) B 58 248 (hanged membrane loop) .
B EE RS (membrane stirrer) FIBEZT4E4H 4 (membrane fiber
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1-Insert holder

B 3-1 B e LB Y K R 3g
MC-0986-E Figure
Figure 3-1 Biostate MC-0986-E
reactor ( produced by B.Braun
Biotech Inc.)

Lehmann & B FIBIHE SRS B BUESHSR AR (B
3-3) L ERR A R 34T, B R T R4 R (geneti-
cally manipulated mouse cell line ), Boehm™}E B 1% R A REH AL
Hb % A P-E 04 (Aesculus hippocastanum ) ZHHI REBFBAZ o
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PN PR AH 1445 B B9 kLa ik 278307,

2-EERRBE

2-Silicone bing

A 3-2 BEXRE B A R R3S
Figure 3-2 Bioreactor with hanged

membrane loop

(L

ERE 2
1-Meubrane stirrer  2.Gas mixing station
3-Medium

@ 3-3 AR A M R R R
Figure 3-3 Bioreactor equipped

LAY REEsY LA rEHE SMAEAR

1-gas cylinder 2-pevistaitic pnunp
3-membrane fiber module

M 34 BARAH RS
Figure 3-4 membrane fiber
with a membrane stirrer modules system
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sparing bioreactor
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