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Abstract — The two-stage enzyme reactor, packed with cyclodextrin glucanotransferase (CG-
Tase) immobilized on Amberite IRA 900, coupled with ultrafiltration membrane was investigated
for continuous production of cyclodextrin (CD). 5% (w/v) of soluble starch was partially cyclized,
in the 0.1/ first-stage immobilized enzyme reactor, up to CD conversion yield of 10% (w/w)
at retention time of 0.56 hr and 1.5 units of immobilized CGTase/1 g of carrier. In the second-
stage main immobilized enzyme reactor capacity of 1.5/, the maximum CD conversion yield
of 39% (w/w) was achieved at retention time of 2.8 hr and 0.47 unit of CGTase/1 g of carrier.
Unreacted residual dextrin was fractionated with ultrafiltration membrane, and then, recycled
into the second-stage main bioreactor to increase the CD conversion yield. The most suitable
membrane size and the volume concentration ratio (concentrate: filterate) for recycling of un-
reacted residual dextrin were found to be 5K dalton and 4 : 6, respectively. CD conversion
yield was increased about 3~4% upon co-immobilization of pullulanase along with CGTase.
Spent Amberite IRA 900 can be reutilized consecutively more than 3 times for immobilization
of CGTase after regeneration.
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Fig. 1. Schematic diagram of two-stage immobilized
CGTase reactor coupled with UF system for continuous
production of CD.
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Table 1. Effect of operational variables on CD produc-
tion at main immobilized enzyme reactor

Retention Amount of immo- Conversion
time(hr) bilized CGTase yield of CD
(units/g of carrier) To(w/w)
2.0 0.20 30
047 35
0.67 34
2.8 0.20 31
047 39
0.67 39
4.2 0.20 37
047 39
0.67 39
5.0 0.20 37
047 36
0.67 36

5% (w/v) of partially cyclized soluble starch (CD con-
version yield 10%) was injected into the main column
type immobilized CGTase bioreactor (6.0X54.0 cm, 1.5
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Fig. 2. Effect of substrate retention time on the CD
formation and productivity of 1.5/ second-stage main
immobilized CGTase bioreactor (0.47 umit/1g of Am-
berite IRA 900).
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Table 2. Effect of the amount of CGTase immobilized
on partial cyclization reaction at two different size (0.1
and 1.50) of first-stage bioreactors

Amount of immobilized Conversion yield of

CGTase (units) CD %(w/w)

0.1/ 157
50 4.0 6.4
60 5.8 10.1
70 9.0 13.2
75 10.1 14.7
80 129 15.8
90 13.3 164

2 Retention time of 0.1/ bioreactor: 0.56 hr
¢ : Retention time of 1.5/ bioreactor: 2.80 hr
5%(w/v) soluble starch was injected.
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Table 3. Effect of membrane pere size and volume concentration ratio on fractionation of CD and unreacted

residual dextrin

Molecular weight Volume ratio Dextrin (mg) CD (mg)
cut off (K dalton) CF C F C F
2 5:5 580 30 351 39
5:5 570 40 200 190
10 5:5 514 96 197 193
20 5:5 360 250 185 205
5 8:2 600 10 360 30
5 7:3 590 20 330 60
5 5.5 570 40 200 190
5 3:7 537 73 160 230
5 2:8 500 110 110 280

C; concentrate, F; filtrate

20 m/ of reaction mixture was filtrated as indicated volume concentration ratio (concentrate: filtrate). The reaction
mixture before ultrafiltration contained 610 mg of dextrin and 390 mg of CDs in 20 ml.
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Fig. 3. Conversion of residual dextrin by recycling at
main reactor after fractionation at different volume con-
centration ratio using 5 K dalton membrane.

(®: unreacted dextrin; O: produced CD after recycli-
zation; V: CD conversion yield; (3: total CD in reaction
mixture after recyclization)
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Fig. 4. Starch conversion by the simultaneous action
of pullulanase and CGTase.

500 m/ of 5% (w/v) partilly cyclized soluble starch solu-
tions were reacted with 350 units of immobilized and
soluble CGTase in the presence or absence of pullula-
nase (15 units, Enterobacter aerogens, Sigma Co.) at pH
6.0 and 50C for various periods while stroking (120
strokes/min).

Im: Immobilized, Sol: Soluble, Pul: Pullulanase
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Table 4. Reutilization of amberite IRA 900 for re-im-
mobilization of CGTase

Regenera- Amount of immo-  Yield of Conversion
tion(times)  bilized CGTase activity(%) yield of
(units/g of carrier) CD%
0 104 77.0 393
1 10.7 79.3 410
2 10.1 74.8 39.1
3 9.9 733 384
4 83 615 305

Fresh solution of succinylated CGTase (13.5 units/g of
carrier) was added and adsorbed on Amberite IRA 900.
5% of partially cyclized soluble starch (CD conversion
yield 10%) was pumped through immobilized CGTase co-
lumn bioreactor.
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Fig. 5. Flow sheet, operational condition, and material balance of continuous CD production process.

5% (W/V) soluble starch was used as substrate
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