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Mechanism of Enzymatic Hydrolysis of Raw Corn Starch by Purified
Glucoamylase or a-Amylase in an Agitated Bead Reaction System

Park, Dong-Chan and Yong-Hyun Lee*

Department of Genetic Engineering, College of Natural Sciences
Kyungpook National University, Taegu 702-701, Korea

The mechanism of enzymatic hydrolysis of raw corn starch by the purified glucoamylase and « -
amylase in an agitated bead reaction system was studied by investigating the changes of sugar profiles
produced by each enzyme, the granular structure of raw corn starch, the amount of enzyme adsorption
on residual starch, and the amylose content in residual raw starch. The sugar profiles produced by
the action of exo-type glucoamylase or endo-type a-amylase in an agitated bead system were not
recognizably differed with those produced in reaction system without bead. Without enzyme the in-
tergenic microcrystalline structure of starch granule was not changed by the simple mechanical im-
pact of solid media, but it was cleaved. However, starch granule was fragment into large number of
small particles by the synergistic action of enzyme and attrition-milling media, identified to be the ma-
jor saccharification enhancing mechanism along with the increased amount of enzyme adsorption. The
amylose content decreased more readily in an agitated bead reaction system, especially by o -amylase.
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Fig. 1. The progress of hydrolysis of raw corn starch by
purified glucoamylase in reaction system without bead
and in an agitated bead reaction system.

220 g/l (wlv) corn starch, 400 g/l glass bead, 10,500 unit/
glucoamylase, pH 4.4, 50°C, and 200 rpm.

(A) Without bead
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Fig. 2. HPLC chromatogram of hydrolyzate sac-
charified by glucoamylase from raw corn starch in reac-
tion system without bead (A) and in an agitated bead
reaction system (B).

220 g/l (wiv) corn starch, 400 g/l glass bead, 10,500 unit/{
glucoamylase, pH 4.4, 50°C, and 200 rpm.
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Fig. 3. The progress of hydrolysis of raw corn starch
by purified «-amylase in reaction system without bead
and in an agitated bead reaction system.

220 g/l (w/v) corn starch, 400 g/l glass bead, 10,880 unit/]
a-amylase, pH 6.9, 50°C, and 200 rpm.
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Fig. 4. HPLC chromatogram of hydrolyzate saccharified
by a-amylase from raw corn starch in reaction system
without bead (A) and in an agitated bead reaction system
(B).

220 g/l (w/v) corn starch, 400 g/l glass bead, 10,880 unit/!
a-amylase, pH 6.9, 50°C, and 200 rpm.
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Fig. 5. Scanning e]ectmn microscopic photogram of granular structure of raw corn starch
(A) raw corn starch, (B) (C) bead milling without enzyme for 8 hr and 24 hr, respectively.
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Fig. 6. Sca.rmmg electron microscopic photogram ﬂf granular structure of raw corn starch saccharlﬁed hy glucoamylase.
(A) (B) (C) in reaction system without bead for 4 hr, 12 hr and 24 hr, (D) (E) (F) in an agitated bead reaction system

for 4 hr, 12 hr, and 24 hr, respectively.
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Fig. 7. Scanning electron microscopic photogram of granular structure of raw corn starch saccharified by a -amylase.
(A) (B) (C) In reaction system without bead for 4 hr, 12 hr and 24 hr, (D) (E) (F) in an agitated bead reaction system

for 4 hr, 12 hr and 24 hr, respectively.
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Fig. 8. The amount of glucoamylase and a-amylase

adrorbed on residual raw corn starch in reaction system
without bead and in an agitated bead reaction system.
220 g/l (w/v) corn starch, 400 g/ glass bead, 10,500 unit/{
glucoamylase (pH 4.4), 10,880 unit/l o -amylase (pH 6.9),
50°C, and 200 rpm.
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Fig. 9. Amylose content in residual raw corn starch
hydrolyzed by glucoamylase and a-amylase in reaction

system without bead and in an agitated bead reaction
system.

220 g/l (w/v) corn starch, 400 g/l glass bead, 10,500 unit/{
glucoamylase (pH 4.4), 10,880 unit/l o-amylase (pH 6.9),
50°C, and 200 rpm.
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