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Direct Conversion of Raw Starch to Maltose in an Agitated
Bead Enzyme Reactor using Fungal a-Amylase

Lee, Yong-Hyun* and Jin-Seo Park
‘Department of Genetic Engineering, College of Natural Sciences,
Kyungpook National University, Taequ 702-701, Korea

Abstract — Direct conversion of raw starch without liquefaction to maltose using maltose-form-
ing fungal a-amylase (Fungamyl) was carried out in an agitated bead enzyme reactor (bioattri-
tor). The reaction rate in bicattritor was comparable with conventional method which utilized
liquefied soluble starch. Moreover the extent of maltose formation increased substantially com-
pared with conventional method; from 150 g/l of raw starch, around 95 g/l of maltose was
formed and 72% of maltose content in sugar mixture was achieved. Especially, pH influenced
greatly not only on total sugar formation from raw starch in bioattritor but also on maltose
content in sugar mixture. The optimal pH for maltose formation from raw starch was shifted
into the weak alkaline pH, the optimal pH of 8.0~9.0 in bioattritor contrast to pH of 5.0~5.5
for liquefied starch. The maltose formation and content were also affected by the amounts
of Fungamyl added and raw starch concentration. Consumption of maltose-forming Fungamyl
can be substantially reduced by supplementary addition of starch liquefying a-amylase (Term-

amyl).
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unit2 1% soluble starchE 7|22 pH 4.0, 40Cel| A
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Fig. 1. Comparison of sugar compositions; maltose
(C—0), glucose (~n—~A), and malto-oligosaccharides
(V—").

A) 150 g/l raw starch, 1,100 units// Fungamyl, 600 g/i
glass bead, pH 8.0 (50 mM boric acid-NaOH buffer), 50
C and 250 rpm; B)same with A but without bead; C)
150 g/l liquefied starch (with 5,600 units/l a-amylase),
280 units/l Fungamyl, pH 5.0 (50 mM Na-acetate buf-
fer), without bead, 50C and 250 rpm.
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Fig. 2. Effect of pH on maltose formation from raw
starch; 150 g/! raw starch, 1,100 units/! Fungamyl, 600
g/l glass bead, 50°C and 250 rpm.

pH 5.0, 6.0, and 7.0: 50 mM wide-range buffer, pH 8.0
and 9.0: 50 mM boric acid-NaOH buffer
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Table 1. Effect of pH on maltose formation from raw
starch in bioattritor using maltose-forming bacterial a-
amylase or plant -amylase

G G

2G5 Yield? MC(%Y

Plant pH5 2 19 6& 012 70
B-amylase pH6 2 58 4 037 N
pH7 7 70 10 045 81
nHE 14 80 23 0.51 75
pH9 3 23 2 0.15 82
Bacterial pHb5 37 66 13 042 57
a-amylase pH6 42 70 12 045 57
pH7 39 79 11 050 61
pH8 40 80 14 054 60
pHY9 14 84 12 054 76

*15% (w/v) corn starch, 1,100 units (maltose-forming
bacterial a-amylase or B-amylase)/l, 600 g/l glass bead,
pH 8.0 boric acid-NaOH buffer, 50C and 250 rpm.
*Glucose concentraion, g/l; ®* Maltose concentration, g/l;
‘Malto-oligosaccharides concentration, g/l; “Maitose
yield (g of maltose/g of starch); ‘Maltose contents (b/
(a+b+c)X100), %.
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Fig. 3. Effect of the amount of Fungamyl on maltose
formation from raw starch; 150 g// raw starch, 600 g/i
glass bead, pH 8.0, 50°C and 250 rpm.
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Fig. 4, Effect of supplementary addition of a-amylase
and pullulanase on the maltose formation from raw
starch; 150 g/! raw starch, 600 g/l glass bead, 50°C
and 250 rpm.

A) 1,100 units/! Fungamyl only; B) 280 units/! Funga-
myl+5,600 units// a-amylase; C) 280 units/! Funga-
myl+ 5,600 units// a-amylase + 154 units/! pullulanase
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Table 2= A AE 2] %o W& maltose WA ek}
wzAde] WHEE Jehd Aol AR Exr)
7ol M2t maltose A2 $57)3)e], Y AEF
T7F 40%(w/v)d o] 138g/1¢] 7} =& maltose
YL Bedrh o] of A 3L 310g/24 A
AE-] 70%7) F3t= et 2} o)ef e 32w
M= 2o AR FAld 93] F7Fsle] mal-
tose FE A 140 g/i7)F AJAE 2 2 4] maltose

L= Maltose AHMED} SxEAo)

Table 2. Effect of raw starch concentration on maltose
formation from raw starch in bioattritor

(w/v) G Go? =Gy Yield® MC(%Y
5% 6 15 15 0.29 42
10% 11 55 19 0.52 65
15% 24 a5 13 0.60 72
20% 61 104 22 0.50 56

30% 105 123 25 0.39 49
40% 140 138 40 0.33 44

* Fungamyl increased according to substrate concent-
ration, 600 g/l glass bead, pH 8.0 boric acid-NaOH bu-
ffer, 50C and 250 rpm.
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