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Abstract — Production of cyclodextrin (CD) directly from raw corn starch without liquefaction
using cyclodextrin glucanotransferase (CGTase) was carried out in an agitated bead reaction
system. Similar CD yield and production rate comparable with those of conventional method
using liquefied starch were obtained. Especially high purity-CD in the reaction mixture without
accumulation of malto-oligosaccharides was obtained. The maximum 54 g/l of CD was obtained
at raw starch concentration of 200 g/l. CD yield was inversely proportional to raw starch con-
centration, and conversion yield was 0.48 at substrate concentration of 100 g/l. The optimal
amount of enzyme (CGTase unit/g raw starch) was found to be around 6.0. Granular structure
of raw starch degraded by CGTase was observed by SEM in order to investigate the enhanc-
ing mechanism, along with those of acid or alkali pretreated raw starch, amylose, and amylo-
pectin. Kinetic constants of CGTase on raw starch in an agitated bead reaction system were
evaluated, and CGTase was competitively inhibited by CD.
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Fig. 1. Comparison of cyclodextrin produced from raw
starch with or without bead and from liquefied starch.
100 g/l (w/v) of corn starch, 900 units of CGTase, 400
g/l (w/v) of glass bead, 200 rpm, pH 6.0, and 50TC.
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Fig. 2. Comparison of HPLC chromatogram of cyclo-
dextrin and sugar produced from raw starch in an agi-
tated bead system and liquefied starch.
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Fig. 3. Amount of cyclodextrin produced after 24 hr
and cyclodextrin yield according to substrate concentra-
tion (O: amounts of CD, (0: CD yield).
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Table 1. Effect of the amount of CGTase at different
raw starch concentration for cyclodextrin production

Amount of [Concentration of raw corn starch %(w/v)

CGTase(unit) 5 10 15 20
300 20.6° 245 311 26.5
600 324 39.1 32.1 30.6
900 31.2 478 45.2 37.2
1200 315 47.7 52.5 485
1500 30.7 47.0 53.0 54.0

The reaction was carried out; 400 g/l (w/v) of glass
bead, 20 mM maleic acid-Tris-NaOH buffer (pH 6.0),
200 rpm, and 50T.

*CD produced after 24 hr (g/l)
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Fig. 4. Effect of the amount of bead and agitation speed
as RPM on CD production from raw starch after 24 hr.
100 g/l (w/v) of corn starch, 900 units of CGTase, pH
6.0, and 50T.
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Fig. S. The amount of cyclodextrin produced and cyclo-
dextrin yield from acid and aikali treated corn starch
in an agitated bead reaction system.

100 g/l (w/v) of corn starch, 900 units of CGTase.
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Fig. 6. Scanning electron microscopic photogram of granular structure of raw corn starch subjected to CGTase

action.

(A) B) (C) without bead, (D) (E) (F) in an agitated bead reaction system for 4, 12, and 24 hr, respectively.
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Fig. 7. Scanning electron microscopic photogram of granular structure of acid or alkali treated corn starch subjected

to CGTase action.

(A) (D) steeped in 0.1M HCI and NaOH 12 hr at 50T, (B) (C) (D) (F) by degraded by CGTase in an agitated

bead reaction system for 12 and 24 hrs, respectively.
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Fig. 8. Comparison of amylose and amylopection for

cyclodextrin production in an agitated bead reaction
system.
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Fig. 9. Linerweaver-Burk plot of the initial rate subjected to product inhibition by B-CD in an agitated bead

reaction system;
5.0~20.0g/l (w/v) of corn starch, 300 units of CGTase. 400 g/l (w/v) of glass bead, 200 rpm.
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