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Kinetic Modeling of Cyclodextrin Forming Reaction in a Heterogeneous
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Abstract — A kinetic model of the cyclodextrin formation in a heterogeneous enzyme reaction
system using swollen extrusion starch as substrate was derived emphasing the structural features
of extrusion starch. The degree of gelatinization, the ratio of accessible and inaccessible portion
of extrusion starch, adsorption of CGTase on swollen starch, the structural transformation during
reaction, and product inhibition caused by produced CDs were considered in deriving kinetic model.
Various kinetic constants were also evaluated. The derived kinetic equation was numerically simu-
lated, which result showed that the derived kinetic equations can be used to predict the experimen-
tal data reasonably well under the various experimental conditions. Kinetic model can be utilized
for the optimization of enzyme reactor and the process development for CD production from swol-

len extrusion starch.
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Table 1. The kinetic constants for CD production reaction evaluated from different degree of gelatinization of

swollen extrusion starch (5)

De‘ ree of " V”max. " V”max.ar
ge}atir%zation, % K'm, g/t g/l-min Klow g/l g/l-min I 5:/S.)
41.56 8.06 0.2532 242 0,1722 972X10°°
44,51 742 0.2781 522 - 0.1804 892X10°¢
51.67 6.44 0.3225 5.30 0.2039 7.00X 1072
H8.09 5.62 0.3472 D.22 0.2112 6.10 X 10°*
63.52 5.03 0.3510 4.60 0.2645 505X10-°
76.01 4.85 0.3281 2.50 0.2608 419X10°2
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Fig. 1. Comparison of theoretical and experimental
data for changes of cyclodextrin and residual starch
concentrations during enzyme reaction.

100 g/l (w/v) of swollen starch, 0.1 unit of CGTase/g
starch, pH 6.0, 50C, and 200 rpm.

Line, theoretical curve; symbol, experimental values
—O—; total CD, «+-O0 o a-CD, —-[O---; residual swol-
len starch
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Fig. 2. Comparison of theoretical and experimental
data for cyclodextrin production carried out at different
concentations of swollen starch.

0.1 unit of CGTase/g swollen starch, pH 6.0, 50C, and
200 rpm.

Line, theoretical curve; symbol, experimental values
—e-O=ery 25, +o-deee; B0, - 75, —O—; 100 g/i
(w/v) of swollen starch.
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Fig. 3. Comparison of theoretical and experimental
data for cyclodextrin production carried out at different
CGTase concentrations.

100 g/l (w/v) of swollen starch, pH 6.0, 50C, and 200
Ipm.

Line, theoretical curve; symbol, experimental values

—{1—; 001, ---V--; 0.1, --+O+--; 1 unit of CGTase/g
swollen starch.
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Fig. 4. Comparison of theeretical and experimental
data for cyclodextrin production utilizing different deg-
ree of gelatinizaiton of swollen starch.

100 g/l (w/v) of swollen starch, pH 6.0, 50C, and 200
rpm.

Line, theoretical curve; symbol, experimental values
Initial degree of gelatimizaiton: ---O---; 41.56, ---~7--;
51.67, --(0--; 63.52, —A—; 76.01%

WE FE 3TN chE CDO| AjAI2kA}
S35% 4156~76.01%%) A4 HE 100g/9} £
0.1 unit/g starch& &33he] FAHREA|7IEHA CD
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Fig. 5 Predictability of structural transformation para-
meter (P) during cyclodextrin forming reaction.
100 g/l (w/v) of swollen starch, 0.1 unit of CGTase/g

swollen starch, pH 6.0, 50C, and 200 rpm.
Line, theoretical curve; symbol, experimental values
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