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Short Communication

Hydrolysis of Starch by a-Amylase and Glucoamylase in
Supercritical Carbon Dioxide

LEE, HYEON SUP, YEON WOO RYU' AND CHUL KIM*

Department of Chemical Engineering and 'Department of Biotechnology,
College of Engineering Ajou University, Suwon 441-749, Korea

The enzymes a-amylase and glucoamylase used in starch hydrolysis were found active in the supercritical
cabon dioxide solvent. Higher hydrolysis of starch sluny in supercritical CO, was achieved by operating
the reactor for the first two hours with a-amylase and to subsequent addition of glucoamylase for continued

hydrolysis.

The use of enzymes as catalysts in nonaqueous media
has been frequently described in the literatures (1, 10).
Many enzymes show higher activity in mixtures of orga-
nic solvents than in pure water (7). Organic solvents
present certain advantages such as stabilization of enzy-
mes, and dissolution of hydrophobic compounds. An
enzyme in a nonaqueous solvent may experience sol-
vent/enzyme interactions and thus show higher activity
vielding a higher rate of reaction. Other potential advan-
tages include facilitated separation steps and enhanced
enzyme specificity.

An interesting class of altemate solvents is supercritical
fluids. Supercritical fluids provide a number of advanta-
ges over conventional liquid solvents. Among these ad-
vantages are high diffusivities, low viscosities and also
the ability to manipulate solubilities by changing either
temperature and/or pressure.

Supercritical carbon dioxide exhibits properties similar
to organic solvents. Carbon dioxide has a critical tempe-
rature of 31.1°C, preventing thermal denaturation or de-
composition of heat labile organics. Because of its non-
toxicity, non-flammability, availability, and low cost the
application of supercritical CO; in many physico-chemi-
cal processes has been widely investigated. However,
the enzymatic reactions in supercritical CO, have been
scarcely studied (3,5, 6, 8,9).

In this study the hydrolysis of starch using supercritical
CO, was examined with an objective to explore an
efficient/economic process.

MATERIALS AND METHODS
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Materials

Potato starch with an approximate purity of 99% and
glucoamylase (6,100 U/ml) from Asperigillus niger were
supplied by Sigma Co., and a-amylase (20,000 DU) from
Bacillus licheniformis }-7 was purchased from Taepyeo-
ngyang Chemical Co..

Experiments

The experiment was conducted in the batch reactor
system shown in Fig. 1. The reaction vessel (250 m/
working volume) made of SS 316 and designed to sus-
tain the pressure of up to 200 atm, was placed in a
digital water stirring bath equipped with a temperature
controller. The constant temperature inside the vesse!
was maintained within the accuracy of £ 0.5°C.

The reaction vessel was filled with the desired amount
of raw starch slurry and enzymes in a one step reaction
and the air was flushed out with carbon dioxide. At
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Fig. 1. Schematic diagram of apparatus.

1. CO;,, 2. Liquid Pump, 3. CO; Input Line, 4. Vent, 5. Reactor, 6.
Magnetic Bar, 7. Pressure Indicator, 8. Thermocouple, 9. Temperature
Indicator, 10. Digital Stiming Bath, 11. Sampling valve, 12. Purge valve.
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a constant temperature, carbon dioxide of 99.99% purity
from a dip-tube container was pumped into the reaction
vessel using a high pressure liquid pump until the desi-
red pressure was reached and the pressure was maintai-
ned with a back pressure regulator.

In the two step reaction, the reaction was carried
out with a-amylase for liquefaction for two hours at
specified conditions. The reaction vessel was then dep-
ressurized to an ambient condition for a successive sac-
charification by adding glucoamylase.

Samples were taken for analysis at each hour of a
six hour operation using two sampling valves.

Analytical Methods

The reducing sugar concentrations were determined
by the DNS method (4), measuring the absorbance with
a spectrophotometer (Shimadzu UV-120-01) at 540nm
using glucose as the standard.

RESULTS AND DISCUSSION

The conventional hydrolysis of starch is a multistage
process involving the gelatinization of starch slurry by
cooking it at a high temperature followed by liquefac-
tion and saccharification by the enzymes, a-amylase
and glucoamylase. In this study the experiments were
conducted in the supercitical CO, using starch slurry
without the gelatinization step.

The Effect of Pressure

Shown in Fig, 2. is the effect of pressure on the pro-
duction of reducing sugar. The production of reducing
sugar was increased by increasing the pressure of carbon
dioxide. Higher concentrations in supercritical CO, at
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Fig. 2. The effect of pressure on the production of reducing
sugar.
(100 g/l raw starch, at 30°C, 0.5 m/ g-amylase +0.5 m/ glucoamylase).
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30°C is believed due to the enhancement of solubility
of the substrate.

The concentration of reducing sugar at the pressure
of 80 atm was 5-fold higher than that obtained at 1
atm and this result is in accordance with the previous
result (2).

The effect of temperature at an elevated pressure,
90 atm is shown in Fig. 3. The production of reducing
sugar was increased by elevating the reaction tempera-
ture up to 70°C. However, at the temperature excee-
ding approximately 85°C, the concentration of reducing
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Fig. 3. The effect of tempeiature on the production of reducing
sugar.

(100 g/l raw starch, at 90 atm, 0.5 m/ a-amylase +0.5 mi! glucoamy-
lase).
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Fig. 4. The effect of pressure on the production of reducing
sugar. .
(100 g/l raw starch, 0.5 mi a-amylase+0.5 mi glucoamylase).
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Table 1. Typical results obtained at specified conditions in
the one step and two step reactions.

Two-step reaction
a-amylase at 70°C

One-step reaction

30°C 90 atm Glucoamylase at 50°C
Tam 40gl 50°C 411 gl Tam 613 gl
80 atm 215 g/l 70°C 701 g/l 80 atm 804 g/l

Enzymes: 0.5 m/ a-amylase+0.5 mi glucoamylase, Substrate: 100 g//
raw starch.

sugar decreased(nhot shown in the figure) possibly be-
cause of reduced glucoamylase activity at the tempera-
ture above the optimum value, 60°C (11) while the
a-amylase activity did not change.

Two Step Reaction

The hydrolysis reaction was carried out in two succes-
sive steps; the liquefaction of starch by a-amylase in
the condition of supercritical carbon dioxide for two
hours at the temperature of 70°C and the successive
saccharification by adding glucoamylase at a pressure
indicated and at a temperature of 50°C. The results
are shown in Fig. 4 indicating a 31% increase in the
concentration of reducing sugar at a pressure of 80 atm,
in comparison to that obtained in the reaction carried
out at ambient pressure throughout the course of the
reaction. However, the reducing sugar was almost the
same concentration at the pressure of 55 atm to 110
atm. In the two step reaction the effect of pressure
in the range of 55 to 110 atm was not significant. It
is believed that the enhanced enzyme activities at the
elevated temperatures were the primary factors along
with the high pressure in increasing the reaction rate,
whereas the solubility of starch was rate limiting at a
substantially lower temperature (Fig. 2).

Typical results obtained at specified conditions in the
one step and two step reactions are summarized in
Table 1.

J. Microbiol. Biotechnol.

Acknowledgement

This study was supported by the research grant from
the Research Center for New Bio-Materials in Agricul-
ture, Korea Science and Engineering Foundation.

REFERENCES

1. Butler, LG. 1979. Enzyme in non-aqueous solvents. Enz-
yme Microb. Technol. 1. 253-259.

2. Chang, H.N. and H. Lee. 1993. Starch hydrolysis using enz-
yme in supercrital carbon dioxide. Biotechnol. Techniq. 7
(4). 267-270.

3. Hammond, D.A, M. Karel and V.. Krukonis. 1985. Enzy-
matic reactions on supercrital gases. Appl Biochem. Biote-
chnol. 11: 393-400.

4. Miller, G.L. 1959. Use of dinitrosalicylic acid reagent for
determination of reducing sugar. Anal. Chem. 31: 426-428.

5. Nakamura, K., Y.Y. Chi, and T. Yano. 1985. Lipase activity
and stability in supercritical carbon dioxide. Chem. Eng.
Commun. 45: 207-210.

6. Nakamura, K, Y.Y. Chi, Y. Yamada and T. Yano. 1986.
Enzymatic reaction in supercritical fluids. World Congress
It of Chemical Engineering, Tokyo, 945-948.

7. Pasta, P., G. Mazzola, G. Carrea and S. Riva. 1989. Subtilisin-
catalyzed transesterification in supercritical carbon dioxide.
Biotechnol. Lett. 9: 643-648.

8. Rafi, Z.K, S.D. Jonathan and M.K. Alexander. 1986. Enzy-
matic analysis in organic solvent. Biotechnol. Bioeng. 28:
417-421.

9. Randolph, TW,, DS. Clark, HW. Blanch and }.N. Prausnitz.
1988. Enzymatic oxidation of cholesterol aggregates in su-
peraitical carbon dioxide. Science 239: 387-390.

10. Zaks, A. and AM. Klibanov. 1984. Enzymatic catalysis in
organic media at 100°C. Science 224: 1249-1251.

11. Peppler, HJ. and G. Reed. 1987. Enzymes in food and
feed processing. p. 550-556. In J.F. Kennedy (ed), Enzyme
Technology. Biotechnology vol. 7a. VCH, Germany.

(Received June 19, 1994)



