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º £

Cross-flow ïÎî� J~B ï �b>wV¢ ÒÏ~� &ÏW *ªb�¦V cyclodextrins(CDs)~ Î²' �Ö" ÿ�

ªÒö &� ��¢ >¯~&
. � Ö" ï >wVº CDs¢ �Ö ¯� cross-flow ïÎîj Û� �³ ªÒ�Úb��

CDs~ Î² &� 5 F; maltooligosaccharide�~ *~j ÛB�B *ª~ CDs�~ *~Nj 37%� ¢;~² Fæ�Ò

> ®î
. 10%(wt/vol) *ªÏ�, 2 atm~ �·{K 5 600 mL/min~ B~Fï ~öB ï >wV¢ 24�* ÿn Ú*~

&j r CDs~ ï �* �'� C �Öïf £ 6.7 kg/m2�îb�, �r~ α-, β-, γ-CD ''~ �Öjº £ 4.4 : 5.5 : 1

�î
. Cross-flow ïÎîj J~� ï >wVöB~ CDs *Ú~ �Öï" �ÖWf dead-end ïÎîj J~� ï >w

V~ ãÖ�
 £ 1.8-2V Ã&~&
.

Abstract − A study on the enzymatic production and simultaneous separation of cyclodextrins(CDs) from soluble starch was

performed in a membrane bioreactor equipped with the cross-flow membrane module. The conversion of starch to CDs was

maintained at a constant value of 37%, since the cross-flow membrane module, in which the separation of CDs from the reac-

tion solution was occurred, suppressed the product inhibition and the breakdown of CDs to the linear maltooligosaccharide.

After the reaction for 24 hr using a 10%(wt/vol) soluble starch solution, the produced amount of total CD per unit membrane

area was about 6.7 kg/m2 at the operating pressure of 2 atm and the circulation rate of 600 mL/min. Under these operating con-

ditions, the production ratio of α-CD : β-CD : γ-CD was about 4.4 : 5.5 : 1. The produced amount and productivity of CDs in a

membrane reactor equipped with the cross-flow membrane module were about 1.8-2 times higher than that in a membrane

reactor equipped with the dead-end membrane module.
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1.B �

Cyclodextrins(CDs)º α-(1�4)-D-glucopyranose �*Ú& {&;�

j~öW ~ç��� �ÖB ~; maltooligosaccharide��, Ö�B

α-D-glucopyranose �*Ú~ >ö V¢ 6B& �ÖB ãÖ¢ α-CD,

7B& �ÖB ãÖ¢ β-CD, 8B& �ÖB ãÖ¢ γ-CD¢ ¦�
. �


 CDsº �¦º �>W��, Ú¦º ²>W� �ÿ~ ��¢ <�

®b�, α-, β- 5 γ-CD ''f Ú¦ �ÿ~ �V& B� 
�V r

^ö �V& ç�� ²>W bî
" F�'b� �7 z�b(inclusion

compound)j ;W�
[1, 2].

CDsº 1891j Villiers[3]ö ~� � �Ò& �.� rJrb�, 1903

j Schardinger �[4]� Bacillus amylobacter ^�î�¦V CDs~

ªÒ 5 � ��¢ ��� �¾ �ö &� ��& �B® ��Úæ

² >î
. CDsº >BW bî~ n;z, ÖzOæ, 7ª� bî~

�^, ²>W bî~ Ï�ê Ëç, �® 5 �F~~ êî B�, ~£

®~ n;z, ²>W bî ªÒ �~ Ïê� wÏ� &Ë~� �bÚ

ö &� ëW� ìÚ, *Ò ~£® 5 ê��£, ³£, �®, zË®,

2¢Ê�, "ò, ÒêÒò �~ ª¢ö 7º*~² �Ï>� ®
. �

" CDs�¦V �Ò�W FêÚ~ �W, �b>w� �ÖW Ëçj *

� Î&B, 7� �WîÚ ªÒ¢ *� ��îÆ�¾b column Ï*

b�~ �Ïö &� ��ê �B® ��Úæ� ®Ú �b� � >º

& z× Ã&� ©b� .çB
[5-7].

CDsº *ª ª� Î²� cyclodextrin glycosyltransferase[EC2.4.1.19,

1,4-α-D-glucano-4-α-D-(1,4-glucano)-transferase, CGTase]ö ~� *
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ªb�¦V �W>º�, �r j¾ö ¾æÞ cyclization >w[� (1)~

;>w]" coupling >w[� (1)~ �>w] 5 disproportionation >w

[� (2)]� ãç'b� ¢ÚÂ
[8, 9].

 

Gn G(n−x) + CD−Gx (1)

      

Gn + Gm G(n−x) + G(m+ x) (2)

�VB Gn, Gm, G(n−x) 5 G(m+ x)º '' n, m, n−x 5 m+xB~ α-

D-glucopyranose �*Ú& Ö�B F; maltooligosaccharide��, CD-

Gxº xB~ α-D-glucopyranose �*Ú& Ö�B CDs¢ ¾æÞ
.

CGTaseº *ªj glucosyl donor� ÒÏ~� ã� 1~ cyclization

";� intramolecular transglycosylation >wj Û� α-, β- 5 γ-CD

¢ �W�
. ��¾ cyclizationj Û� n−x& 1-7B� G(n− x)(glucose,

maltose, maltotriose, &ª¶ï maltodextrin)& �W>� CGTaseº �


j glucosyl acceptor� ÒÏ~� ã� 1~ coupling" ã� 2~ dis-

proportionation ";� intermolecular transglycosylation >wj ¢b

B CDs& F; maltooligosaccharide� 
� *~B
. ¯, >wÏ�

7ö glucose, maltose 5 &ª¶ï maltodextrin� �Ò~² >�

CDs �Ö� &�>�, 6� Kim �[10]~ ��Ö"ö ~~� �Wb

� CDsö ~� CGTase~ &�ê � ©b� ��>Ú ®
.

*ªb�¦V CGTaseö ~� CDs~ çë' �Öf "� ��"

¢�j 7�b� ��Ú^ z
. 1969j �� Corn Products Inter-

national Co.öB CGTase¢ ÒÏ� β-CD~ çë' �Ö� �.�

��Úrb�[11], �ê ¢� Teijin Co.öB β-CD �Öj *� pilot

plant 
þÖ"& B�>�B çë' �Ö� �Ïz>î
[12]. ��

¾ �B J«� :f ?� *ªb�¦V CDs~ Î²' �Ö� �W

B CDs 5 ��" 
�� ¢; ³ê 8 �çb� ¸jæ� �Öb

&�f CDs~ F; maltooligosaccharide�~ ª� r^ö >N� Ô

j �ÖW G�öB ^B& ®
. V¢B CDs~ �ÖWj ¸�V *

�Bº >wÏ�b�¦V CDs¢ j�� �Öb
j �Ö ¯� �³

'b� ªÒ~º Î"'� O»~ BB� º�B
.

bî ªÒ V»7 ~¾� ïªÒ»f ªÒ�·j ��*ö Î"'

b� ¯� > ®b�, �j ÒÏ~æ pº Ë6 r^ö Î², �Wî

5 �Ò�W bî~ ªÒ;B � ß® �b�; 5 �bªÒVF ª

¢ö wÏW� ¸
[13]. 6� ïÎîj �b>wV� ÒÏ~º ï �

b>wVö &� ��ê ��Úæ� ®º :, ��b 6º Î²¢ V

B�Ò > ®º ï� ¦OB ïÎîj �b>wV� ÒÏ~� >w

V Úö ��b 6º Î²¢ &vÚ ~ > ®b�, ÿ�ö �Öbj

ïj Û� ¯� �³'b� ªÒ� â > ®Ú �Öb &�¢ Oæ

� > ®
º Ë6� ®
[14].

� ��öBº CGTaseö ~� *ª~ ª�f �WB CDs~ ªÒ

¢ cross-flow ïÎî� J~B ï �b>wVöB >¯�b�� �

Öb &�¢ ÛB�Ê�, ÿ�ö >wÏ�b�¦V CDs¢ Î"'b

� �³ ªÒ�b�� CDs~ �Öï" �ÖWj Ã&�Ê�¶ ~&


. 6� æ�çöB jv' ³¦� �b¶ö~ ~¾� *ªj �


¦&&~& ¸� �ÏW� � bî� *~�Ê�, �&� CGTase¢

Ò�Ï�
º G�öBê � ��~ 7ºW� ®
. �¢ *� &Ï

W *ªÏ�j &çb� Bacillus macerans F¾~ CGTase¢ ÒÏ

~� b& ²ª>wj Û� CDs~ �Ö 
þj >¯~�, 
rb�

cross-flow ïÎî� J~B ï >wVöB �·�� æzö V� CDs

~ �Ö" �³ ªÒ¢ ÿ�ö 
þ~�, �¢ ²ª>w 
þ~ Ö"

5 V B�B ¢^[15]~ dead-end ïÎî� J~B ï >wVöB~


þÖ"f jv�b�� CDs~ �Öï 5 �ÖW Ã&¢ ¦Æ~&
.

2.
 þ

2-1.
þÒò

Î²� CGTase�º ¢� Amano Pharmaceutical Co.�¦V Bacillus

macerans V·j Û� �ÖB �ç Î²(Lot No., CGRRU11529L,

>w��: pH 6, Nê 60oC)¢ ÒÏ~&b�, �& �ò�B~ α-, β-,

γ-CDf Vî� &ÏW *ª(soluble starch: SS)f �� Sigma Co.�¦

V �«~&
. ��~ Væ �£
f Îv ß/ �£j ÒÏ~&
.

ªÒïb�º V B�B ¢^[15]öB �'~ ªÒïb� F;� ª

³ª¶ï 10,000 �Ê� �� Millipore Co.~ polysulfone Òî~

ïj ÒÏ~&
.

2-2.
þË~

Cross-flow ïÎî� J~B ï �b>wVº Fig. 1ö ¾æÞ :f

?� Ï� &Ë�, Î²>w� ¢Ú¾º >w�, cross-flow ïÎî

5 ï R"�ï G;¦(*¶&Þ" PC)~ 4¦ªb� �W>Ú ®
.

ÒÏB cross-flow ïÎîf �� Millipore Co.~ Minitan-S� ï~

FÎ �'f 30 cm2�
. ¢;� >wNê(60 oC)¢ Fæ�ÊV *�

Ï� &Ë�, >w� 5 ïÎîj �N� Úö J~~&b�, >w�

Ú~ Ï�f ¶C� v>Vö ~� 300 rpm~ ³ê� v>�V
.

2-3.
þO»

2-3-1.²ª>w 
þ

&ÏW *ª Ï�ö~ �' Î² R«ï Ö;" ï �b>wVöB

~ CDs �Ö
þ"~ jv¢ *� ²ª>w 
þj >¯~&
.

�' Î² R«ïf 10%(wt/vol) &ÏW *ª Ï� 50 mLö *ª

1 g �CGTase~ unit >¢ æz�B If ê, B�²ÒöB B�� �

' >w��(pH 6, 60oC)öB 300 rpm~ ³ê� v>~�B >wÏ

� 7~ β-CD ³ê¢ 5ª *Ïb� 1�*ÿn G;~�, ��¦V

β-CD �Ö~ .V >w³ê¢ �~� � 8� �&& >º r¢ �

' Î² R«ïb� F;~&
. �r Î²�W 1 unitº �'�W �

�öB 10% &ÏW *ª Ï� 1 mL�¦V 1ª ÿn 1 mg~ β-CD

¢ �Ö~º CGTase~ ·b� ;~~&
.

²ª>wö ~� CDs �Ö 
þf 10% &ÏW *ª Ï� 200 mL

Cyclization
�

�

Coupling

  
Disproportionation
�

�

Fig. 1. System setup for membrane bioreactor equipped with cross-flow
membrane module.
1. N2 cylinder 07. Reactor
2. Pressure regulator 08. Water bath
3. Valve 09. Magnetic stirrer
4. Pressure gauge 10. Cross-flow membrane module
5. Flow meter 11. Electronic balance
6. Solution reservoir
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ö �' Î²ïj R«�Î 
r pH 6, 60oC~ ��öB 300 rpm~

³ê� v>~�B ¢;� �* *Ïb� �WB α-, β- 5 γ-CD~

³ê¢ G;~� 24�* ÿn >¯~&
. α-, β- 5 γ-CD~ ;ïf

�
 ''� z�J2æ, ¾¦*î.� 5 2�Î�.� �Ö" �7

z�bj ;W~º öÒ¢ �Ï~� Lejeune �[16], Kaneko �[17],

Kato �[18]� B�� ;ï»j ÒÏ~&
.

2-3-2. Cross-flow ïÎîj �Ï� CDs �Ö 
þ

&ÏW *ªb�¦V CDs~ Î²' �Ö" ªÒ¢ Fig. 1ö ¾æÞ

cross-flow ïÎî� J~B ï >wV¢ ÒÏ~� >¯~&
. �r

î²¢ �Ï� Ï� &Ë�f >w� 5 ïÎîj ö~º {Kræ

&{�B ïj Û� R"B ·ò¢~ *ªÏ�� &Ë��¦V >w

�� ¶ÿ'b� >Ç>Ú >w� ÚöB~ >wÏ�~ ·j �ç

200 mL� ¢;~² Fæ�V
. >w��¦V ïÎî�~ >wÏ�

>Çj *� B~²*(DOHP 365, z�;&, ��)¢ J~~&
. �

WB CDs& �FB ï R"�ïf *¶&Þ(FX-3000, A&D Co.,

¢�)ö ~� 1ª *Ïb� �³ G;~� PCö V�~&b�, 6�

¢;� �* *Ïb� ï R"� 7~ α-, β- 5 γ-CD~ *' ³ê

¢ G;~&
. pH 6, 60oC~ >w��öB 
þ~ �·æ>�º

(1) �·{K 2 atm 5 ïÎî� F«>º >wÏ�~ B~Fï

600 mL/min ~öB *ªÏ�~ ³ê¢ 1-20%�, (2) 10% *ªÏ�

³ê 5 600 mL/min~ B~Fï ~öB �·{Kj 1-4 atm º*�,

(3) 10% *ªÏ� ³ê 5 2 atm~ �·{K ~öB B~Fïj 400-

1,000 mL/min� æz�B 24�* ÿn >¯~&
.

3.Ö" 5 �V

3-1.²ª>w 
þ

²ª
þÖ" CGTase~ �Wêº 34.16 unit/mL�î
. ²ª>w


þj Û� &ÏW *ª 1 g � Î&�Î CGTase~ unit > æz

ö V� β-CD �Ö~ .V >w³ê¢ �~�, � Ö"¢ �&8ö

&� ç&�Wb� Fig. 2ö ¾æÚî
. � Ö" &ÏW *ª 1 g �

10.25 unit~ CGTase¢ Î&�Vj r �&~ �Wj ¾æÚîb�,

V¢B �ê~ Î� 
þf �ç *ª 1 g � 10.25 unit~ CGTase

¢ Î&�Î ��öB >¯~&
. 

10% &ÏW *ª Ï�j &çb� 24�* ÿn ²ª>w 
þj

>¯~� >w�*ö V� ' CD
 5 CDs *Ú~ ³ê æz¢ G

;~� �¢ Fig. 3ö ¾æÚî
. � Ö" >w B� ê £ 2�*�

ã"~&j r ' CD
~ ³ê& �& 8j ¾æÚîb�, � �ê

öº >w�*� ã"�ö V¢ 6N 6²~&
. ��� Ö"º �

WB CDs& >wÏ� Úö �&� �Ò�b�� CDs& Î² �Wj

&��Ê�¾, 6º CDs& Î²ö ~� 
� ª�>Ú F; mal-

tooligosaccharide� *~>V r^b� ÒòB
[8-10]. V¢B *ª~

CDs�~ *~j ¸�V *�Bº �ÖB CDs¢ >wÏ�b�¦V

�Ö ¯� Î²f ªÒ�Êº �;� jº�j r > ®
.

3-2. Cross-flow ïÎîj �Ï� CDs �Ö

3-2-1. *ª³êö V� β-CD �Ö

�·{K 2 atm, ïÎî� F«>º >wÏ�~ B~Fïj 600 mL

/minb� ¢;~² Fæ�Î ç�öB Fig. 1ö ¾æÞ cross-flow ï

Îî� J~B ï >wV¢ ÒÏ~� >w�ö ê«>º &ÏW *

ª Ï�~ ³ê(1-20%)f >w�*ö V� ïR"ï 5 R"� 7~

β-CD ³ê æz¢ Fig. 4(a)ö ¾æÚî
. � Ö" ïR"ïf *ª

Ï�~ ³êf >w�*� Ã&�ö V¢ 6N 6²~� ¢>'� ï

ªÒ 
þ~ ãË" ¢~~&
. ß® >w B� ê 3�* �ÚöB

ïR"ï 6²& �~&º�, �º ïö ~� VBB *ª" Î²&

ï��ö *'Nb�� B�>º ³êª� 5 ïJ" *ç� >w .

Vö "� ¢Ú¾V r^�
[13, 19]. �Þ R"� 7~ β-CD ³ê

º *ªÏ�~ ³êf >w�*� Ã&�ö V¢ Ã&~&
. Fig. 4

(a)~ Ö"�¦V ' >w�*öB ï �* �'�~ β-CD �Öï

[produced amount(kg/m2) =ß; >w�*ræ~ ï R"�ï(L/m2)

×R"� 7~ β-CD ³ê]j êÖ~� �¢ Fig. 4(b)ö ¾æÚî
.

� Ö" β-CD~ �Öïf >w�*� Ã&�ö V¢ Ã&~�, *ª

Ï�~ ³ê& 10% �ç� >� �~ ÿ¢� �Öïj ¾æÚî
.

3-2-2.�·{Kö V� β-CD �Ö

>w�ö ê«>º &ÏW *ª Ï�~ ³ê¢ 10%, >wÏ�~ B

~Fïj 600 mL/min� ¢;~² Fæ�Î ç�öB �·{K(1-4

atm)" >w�*ö V� ïR"ï 5 R"� 7~ β-CD ³ê æz¢

Fig. 5(a)ö ¾æÚî
. � Ö" ïR"ïf �·{K� ¸j>� Ã

&~&b�, R"� 7~ β-CD ³êº �·{Kö �~ 'Ëj Aæ

p~
. Fig. 5(a)~ Ö"�¦V ' >w�*öB ï �* �'�~ β-

CD �Öïj êÖ~� �¢ Fig. 5(b)ö ê�~&
. � Ö" β-CD

~ �Öïf �·{K� Ã&�ö V¢ Ã&~&
.

3-2-3.B~Fïö V� β-CD �Ö
Fig. 2. Relative activity at different unit of CGTase.

(pH 6, 60oC, 10% SS)

Fig. 3. Variation of CDs concentration in batch reactor.
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�·{K 2 atm, &ÏW *ª Ï�~ ³ê¢ 10%� ¢;~² Fæ

�Î ç�öB >wÏ�~ B~Fï(400-1,000 mL/min)" >w�*ö

V� ïR"ï 5 R"� 7~ β-CD ³ê æz¢ G;~� Fig. 6(a)

ö ¾æÚî
. � Ö" ïR"ïf B~Fï� ¸j>� Ã&~&º

�, �º B~Fï� �>� ïÎî ÚöB~ F³� 
^ ï��ö

;WB ³êª�" ïJ"� 6²~V r^�
[13, 19]. �Þ R"�

7~ β-CD ³êº B~Fï~ 'Ëj �~ Aæ p~
. Fig. 6(a)~

Ö"�¦V ' >w�*öB ï �* �'�~ β-CD �Öïj êÖ

~� �¢ Fig. 6(b)ö ê�~&
. � Ö" β-CD~ �Öïf B~F

ï� Ã&�ö V¢ Ã&~&
.

3-2-4. CDs~ �Ö

�·{Kj 2 atm, &ÏW *ª Ï�~ ³ê¢ 10%, >wÏ�~ B

~Fïj 600 mL/minb� ¢;~² Fæ� ç�öB cross-flow ï

Îî� J~B ï >wV¢ 24�* ÿn Ú*~&j r, >w�*ö

V� R"� 7~ ' CD
 5 *Ú CDs~ ³ê æz¢ Fig. 7(a)ö

¾æÚî
. � Ö" ' CD
~ ³êº £ 3�*� ã"� ê¦V

¢;� 8j Fæ~&b�, �r CDs *Ú~ ³êº £ 37 mg/mL�

î
. Fig. 7(a)~ Ö"f ïR"ï G;8b�¦V ' CD
 5 CDs

*Ú~ �Öïj �~� Fig. 7(b)ö ¾æÚî
. � Ö" cross-flow

ïÎî� J~B ï >wV¢ 24�* Ú*~&j r CDs *Ú~ C

�Öïf £ 6.7 kg/m2�îb�, �r~ α-, β-, γ-CD ''~ �Öj

º £ 4.4 : 5.5 : 1� β-CD~ �Ö� &Ë ô~
.

3-3. CDs~ �Ö jv

10% &ÏW *ª Ï�j &çb� ²ª >wV 5 cross-flow ï

Îî� J~B ï >wV(�·{K 2 atm, B~Fï 600 mL/min)¢

ÒÏ~� CDs¢ �Ö� r, >wVö ê«B &ÏW *ª~ Cï"

�ÖB CDs *Ú~ ·b�¦V ' >w�*öB~ *~Nj êÖ~

� �¢ Fig. 8ö ¾æÚî
. � êÖ� ï >wV~ ãÖ �ÖB

CDsº ïj Îv Û"~� *ª" Î²º ïj Û"~æ á~æ�

>wÏ� 7öB~ ' CD
~ ³êº ï R"� 7öB~ ³êf ÿ

¢� ©b� *"~&
[15]. � Ö" ²ª >wV~ ãÖº �ÖB

CDs& >wV Úö �&� »'>V r^ö CDs& Î² �Wj &

��Ê�¾, 6º CDs& Î²ö ~� 
� ª�>Ú F; maltoo-

ligosaccharide� æ~>V r^ö *~N� >w 2�* �6öB

45%� �& 8j ¾æÞ ê 6N 6²~� >w 12�* �6 �ê

öº ï >wVöB~ *~N�
 Ôjr
. >� cross-flow ïÎî

� J~B ï >wV~ ãÖº >w�*ö V¢ *~N� 6N Ã&

~&b�, >w B� 10�* �6 �êöº *~N� £ 37%� ¢;

~² Fæ>î
. �º ï >wV~ ãÖ �ÖB CDs¢ �Ö ¯�

ïÎîj Û� ªÒ�b�� �Öb~ Î² &�f Î²ö ~� CDs

~ F; maltooligosaccharide�~ *~j ÛB�VV r^b� Òò

Fig. 4. (a) Flux and β-CD concentration in permeate and (b) produced
amount of β-CD with change of soluble starch concentration in
cross-flow membrane bioreactor.
(∆P=2 atm, circulation rate=600 mL/min)

Fig. 5. (a) Flux and β-CD concentration in permeate and (b) produced
amount of β-CD with change of operating pressure in cross-flow
membrane bioreactor.
(10% SS, circulation rate=600 mL/min)
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B
. �Þ � ��¢ Û� áÚê &ÏW *ª~ CDs�~ *~N

8 30-45%º Rendleman[20]" Kim �[21]� B�� *ª~ CDs�

~ ¢>'� C *~N 8 28-50% º*ö ³~&
. 

� ��~ cross-flow ïÎî� J~B ï >wV(�·{K 2 atm,

B~Fï 600 mL/min)öB~ CDs *Ú~ �Öï" V B�B ¢^

[15]~ dead-end ïÎî� J~B ï >wV(�·{K 2 atm)öB~

CDs *Ú~ �Öïj jv~� �¢ >w�*ö V¢ Fig 9ö ¾æ

Úî
. � Ö" *Ú >w�*ö �ö cross-flow ïÎîj ÒÏ�

ãÖ& dead-end ïÎîj ÒÏ� ãÖ�
 CDs *Ú~ �Öï� £

1.8-2V ¸~
. �º cross-flow ïÎîf dead-end ïÎî"º �Ò

>wÏ�� ïÎî Ú� B~>æ� ³êª�" ïJ" ;Wj ÛB

�B ïR"ïj �² Fæ� > ®V r^�
.

6� *~ Ö"�¦V ï �* �'�~ CDs �ÖW[productivity

(kg/m2
Áhr) =ß; >w�*öB~ ïR"ï(L/m2

Áhr)×CDs ³ê]j

êÖ~� �¢ Fig. 10ö ¾æÚî
. � Ö" v «~ ïÎî Îvö

&� CDs �ÖWf >w .V(2�* �Ú)ö &Ë ¸~� �ê 6²

~&º :, �º .Vöº ïJ"~ ê¯ ³ê�
 *~N~ Ã& ³

ê& z ���, �êöº *~Nf �~ ¢;� 8j Fæ~º >�

ïJ"f ê³'b� ê¯>V r^b� ÒòB
. ��¾ �B VF

� :f ?� cross-flow ïÎî� dead-end ïÎî�
 ³êª�"

ïJ" ;Wj ÛB�ÊV r^ö z ¸f CDs �ÖWj áj > ®

î
. V¢B dead-end ïÎî�
º cross-flow ïÎîj J~� ï

>wV¢ ÒÏ~º ©� CDs �Öö �
 z FÒ�j r > ®
.

Fig. 6. (a) Flux and β-CD concentration in permeate and (b) produced
amount of β-CD with change of circulation rate in cross-flow
membrane bioreactor.
(∆P=2 atm, 10% SS)

Fig. 7. (a) Variation of CDs concentration in permeate and (b) produced
amount of CDs in cross-flow membrane bioreactor.
(∆P=2 atm, 10% SS, circulation rate=600 mL/min)

Fig. 8. Soluble starch conversion in batch reactor and cross-flow mem-
brane bioreactor.
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4.Ö �

&ÏW *ªb�¦V CGTaseö ~� CDs~ �Ö 5 ÿ� ªÒ¢

cross-flow ïÎî� J~B ï �b>wVöB ��� Ö" 
r~

Ö�j áî
.

 

(1) Cross-flow ïÎî� J~B ï >wV¢ ÒÏ~� CDs~ Î²'

�Ö" ªÒ¢ ÿ�ö >¯�b�� ²ª>w�~ �6� �ÖB CDs

~ Î² &�·Ï" Î²ö ~� CDs~ F; maltooligosaccharide�~

*~j ÛB�Ò > ®Ú *ª~ CDs�~ *~Nj 37%� ¢;~²

Fæ�Ò > ®î
.

(2) Cross-flow ïÎî� J~B ï >wVöB ï �* �'�~

β-CD �Öïf �·æ>� *ªÏ�~ ³ê, �·{K 5 B~Fï

� Ã&�>� Ã&~¾, *ªÏ�~ ³ê& 10% �ç� >� ¢;

� �Öïj Fæ~&
.

(3)*ªÏ� ³ê 10%, �·{K 2 atm, B~Fï 600 mL/min�

��öB ï >wV¢ 24�* ÿn Ú*~&j r ï �* �'�~

CDs C �Öïf £ 6.7 kg/m2�îb�, �r~ α-, β-, γ-CD ''

~ �Öjº £ 4.4 : 5.5 : 1� β-CD~ �Ö� &Ë ô~
.

(4) Cross-flow ïÎî� J~B ï >wVöB~ CDs �Öf dead-

end ïÎî� J~B ï >wVöB~ CDs �Ö� �
 £ 1.8-2V

�Öï" �ÖW� Ã&~&
.

6 Ò

� ��º ö.æ&Ò��~ '99jê ö.æVF �Fê�Òëb�

>¯B ��Ö"~ ¢¦�B æöö 6Ò�ãî
.
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Fig. 9. Produced amount of total CD in cross-flow and dead-end mem-
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Fig. 10. Productivity of total CD in cross-flow and dead-end mem-
brane bioreactors. 


