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Synergistic Effect of Glucoamylase and a-Amylase in Enzymatic
Hydrolysis of Raw Corn Starch in an Agitated Bead Reaction System

Lee, Yong-Hyun* and Dong-Chan Park

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

The synergistic effect of glucoamylase and a -amylase on the hydrolysis of raw corn starch in an
agitated bead reaction system was studied by investigating the changes of sugar profiles, the granular
structure, particle size distribution, and X-ray diffraction pattern of residual raw corn starch. The en-
zymatic hydrolysis of raw corn starch was greatly enhanced by synergistic effect of glucoamylase and
o -amylase. Even though the sugar profiles were mainly determined by the mixing ratio of glucoamylase
and a-amylase; raw starch was mainly converted to glucose directly without accumulation of any signifi-
cant amount of oligosaccharides. The cavity formation and fragmentation phenomena of raw corn starch
granule subjected to enzyme reaction were analyzed by means of SEM and the particle size distribu-
tion. The X-ray diffraction pattern of raw starch was not changed at the initial stage of reaction but
slightly changed at the late stage of hydrolysis, which may be caused by the preferential degradation
of amorphous region by enzymatic reaction, not by the destruction of microcrystalline structure of raw

corn starch.
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Fig. 1. Effect of glucoamylase dosage on the progress
of hydrolysis of raw corn starch by mixed glucoamylase
and o-amylase in an agitated bead reaction system.
220g/l (wiv) corn starch, 400g/l glass bead, 10,880 unit/!
a -amylase, pH 4.4, 50°C, and 200 rpm.
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Fig. 2. Effect of glucoamylase dosage on the sugar profiles from the hydrelysis of raw corn starch by mixed
glucoamylase and o -amylase in an agitated bead reaction system.
220g/l (w/v) corn starch, 400g/l glass bead, 10,880 unit/l a-amylase, pH 4.4, 50°C, and 200 rpm.
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Fig. 3. Effect of a-amylase dosage on the progess of
hydrolysis of raw corn starch by mixed glucoamylase
and o -amylase in an agitated bead reaction system.

220¢g/l (w/v) corn starch, 400g/l glass bead, 2,625 unit/!
glucoamylase, pH 4.4, 50°C, and 200 rpm.

glucoamylase 2} a-amylase & AZ 2 2lzk8-2] g A

$ & chepi T gleh,

EZgtgae] DR HIle] AE: Gluccamylase 2
a-amylase & S| ES 1 1(unit)E st A7
Jae AgERs 7hh 2625014 31,500unit/! 7kR] F
A7 A Jaka) 7l AAE Fig 6ol wERHgIT, 54
o] ALggfo] Frbgld] wet wlEgo] AapF ez Frlel
ogom EF E3FAS 31 500unit/l e e &
Fo 32 Hrlsle] Fo Ry FARCH AR Ee A

3 P2AR b} TRssiaeh,

O
FTAEIA] SR AR T e EE 1S

j i
A oha e e a4t 4agks o o, 99l

Scanning electron microscope ol 2J8 HERIXie]
= oE



356

Kor. J. Appl. Microbiol. Biotech.

(A) 5,440 unit/! [

Gy

Gy

#
N’\/\r\_,_.J j\'\l\:\f_:ﬂ\mﬁ / k/\x.l

e —
(B) 10,880 unit/! l I

o

Gy '\

20 min 1hr 12 hr 24 hr

[J JU\’\MJU\MJ“\

20 min 1 hr 12 hr 24 hr

Sy B Ry

[ (C) 21,760 unit/l

hr 24 hr

(D) 65,260 unit/?

|
_ J“i\“ﬁm J } JV\/\_ *\FM

20 min 1 hr

Fig. 4. Effect of o-amylase dosage on the sugar profiles from the hydrolysis of raw corn starch by mixed
glucoamylase and ¢ -amylase in an agitated bead reaction system.
220g/l (wiv) corn starch, 400g/l glass bead, 2,625 unit/l glucoamylase, pH 4.4, 50°C, and 200 rpm.
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Fig. 5. The progess of hydrolysis of raw corn starch by
mixed glucoamylase and a-amylase in reaction system
without bead and in an agitated bead reaction system.

220g/l (wiv) corn starch, 400g/l glass bead, 10,500 unit/!
glucoamylase, 10,880 unit/! «-amylase, pH 4.4, 50°C, and
200 rpm.
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Fig. 6. Effect of enzyme dosage on the progress of
hydrolysis of raw corn starch by mixed glucoamylase
in an agitated bead reaction system.

220g/t (wiv) corn starch, 400g/{ glass bead, glucoamylase:
@ -amylase=1:1 (unit), pH 4.4, 50°C, and 200 rpm.
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Fig. 7. Scanning electron microscopic photogram of granular structure of corn starch saccharified by mixed gluco-

amylase and a-amylase

(A) (B) {C) In reaction system without bead for 2 hr, 4 hr and 12 hr, (D) (E) (F) in an agitated bead reaction system

for 2 hr, 4 hr and 12 hr, respectively.

2 3ksiodg el Akt o
Zrt,

g, Felaelal AukgAolAE uke-E7] (Fig. 7
(D))ol mae] AHAZZo 2 Qixle) cavity 7} =1A
HA=Yew gyl 24 AgER = @z, st
Zlgglol me} fdo] A4zl & cavity 7} ol
NI Z hole & AEUYA FEalrbatelale] 7144 24
28 % 2 YA=E 53 wkE 3 (fragmenta-
tion) ¥ glet, olet g AAEYALY] B Hu

(8)ollA X123 v} YU¥ a-amylsae & 515202 AL
fd. 7d-F-E o= glucoamylase 9Hg o8-89 & 7 %2}
AR Fellodch, 2y zle) W HAe A &
4ol g ARRA|R T whE Al7ko o] aeim Al
AMxlglom 5 F4o weolzt8ol HgAS 2 B
2 Qe

okAlojn] 4] A

14 ARE Bi%

4N ok ol

Particle size distribution & ¥}
Fig. 8 & F-olao]a] F4uk2-AHe) o] 53 7)o

Al AR FATI A wE zRAE]IAbe] =
7| ¥ (particle size distribution)E &A%} v]mdl
74 lo| Ty, .'9;:-3}3'# k] ke S A E-g Ak
median size © Fig 8(A)&} Ze] 1486 um I, BF
HA} 496 o2 Fzso] Usie, A7 M= 243
7tglo] ehs=gololl B A Z 24 A7} ol Faln}abA
7]l %9} (Fig.8(B)) median size ¥ 1536 um 24 L3
Hakez 606 H, A &L S5 AAtucd
median size 7} 27} 7RG D FFEH A FA] F7161
v}, ole} & median size & 7l Fafubaba) A o
Z1AA FAA 2%l 7‘& AAke] 1 (crack)el] 2l&F A
AZ 7t iolglel e}, o|#| g A Efuiill
Aol 7[AHAH FH-& “"JXM] TE9e Tixv|F "2
ket A S APPAF)A] gvthe SEM & ol &3 A
¥ (8)9 A< siybdsta ek

HEAH faantst Mz AL £, HAlE
Azlelr] o2 wladel 24417 @3 3 ARA4AE
(Fig. 8(C) )zt Efimiileld] ZAnkGANA 4 A7F &




358

=
o

g @) () Vem"  dovuton

4=

= 0.8 (F) (A) 1486 496

o (B) B 1536 6.08

g © 1058 429
Dy B85 443

s 0.6 (E) .. E) 602 475

2 / F) 578 377

8 04}

= l /

>

&

£ 02} \ \

= }."

0 1 L L N B 4N N | |

2 3 4 5678910 20 30 40 50
Equivalent diameter (4 m)

Fig. 8. Particle size distribution of corn starch granule.

(A) raw corn starch, (B) wet milling for 24 hr, saccharified
by mixed glucoamylase and e¢-amylase: (C) in reaction
system without bead for 24 hr, (D) (E) (F) in an agitated
bead reaction system for 4 hr, 8 hr, 24 hr, respectively.
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Fig. 9. X-ray patterns of corn starch granule.

(A) raw corn starch, (B) (C) (D) saccharified by mixed
glucoamylase and e-amylase in an agitated bead reaction
system for 4 hr, 8 hr, and 24 hr, respectively.
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