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Abstract — A novel method for production of concentrated purity maltose using swollen extruded
corn starch was investigated. Degree of gelatinization of extruded starch suitable for maltose forma-
tion was found to be around 70%. The optimal amount of enzyme was 400 unit fungal a-amylase
per g of starch, and the reaction time was 12 hours. At extruded starch concentration of 300
g/l(w/v), maltose concentration and content were reached up to 220 g/l{w/v) and 77%(w/w), respec-
tively, The maltose forming reaction was also successfully proceeded at high starch concentration
of 700 g/l(w/v), however, the conversion vield and content were decreased. By the addition of
extruded starch by fed-batch wise, the maltose concentration, purity, and conversion yield could
be improved up to 465 g/i(w/v), 70%(w/w), and 0.63, respectively. The investigated maltose produc-
tion process seems to have many potential advantages over the conventional process utilizing
liquefied starch, and the feasibility for industrial application needs to be evaluated.
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Fig. 1. Sugar profiles produced from extruded starch
of different degrees of gelatinization.
Conditions; 300 g extruded corn starch//, 40 unit fungal
a-amylase,'g starch, 0.05 M acetate buffer(pH 5.5), 50C,
250 rpm, and after 24 hours. [J; total sugar, O; maltose,
V; maltooligosaccharides, A; glucose.
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Fig. 2. Initial rate of maltose formation of extruded
starch of different degrees of gelatinization.
Conditions; 300 g extruded corn starch/l, 40 unit fungal
a-amylase/g starch, 0.05 M acetate buffer(pH 5.5), 50T,
and 250 rpm.
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Fig. 3. Effect of the amounts of fungal a-amylase on
sugar production and maltose content from extruded
starch.

Conditions; 300 g extruded corn starch/l, 0.05M ace-
tate buffer(pH 5.5), 50C, 250 rpm, and after 24 hours.
J; total sugar, O; maltose, ¥; maltooligosaccharides,
My glucose, <»; maltose content.
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Fig. 4. Progress of maltose formation reaction from
extruded starch during extended reaction time.

Conditions; 300 g extruded corn starch/l, 400 unit fu-
ngal a-amylase/g starch, 0.05 M acetate buffer(pH 5.5),

50C, and 250 rpm. _; total sugar, ¢; maltose, v: mal-
toohigosaccharides, ~; glucose, <; maltose content.

2+7} 78%(w/w)e} 223 g/l(w/v)elelct. g glucose=
Bh3-Z2 7|5 AAE 7] AlFsted 12, 24417F §- 7H7}
17, 24 g/l(w/v)% 2, maltooligosaccharidesys HH£3
Zlol 558 Ao, 2 3 7hasle 12, 244]7)
& zhzb 47, 40 g/l(w/v)Sith

el HAHZE EARESAITRES 1247 =R Af
55, o]l FANEHF-A ol 4 maltose Ak £ 2

= A2kl 24~T72A]7kel| wlEto] off - g2 A]7EO
2 maltose AH|Zoll 4LR2%+ vFEAE FZA o
T ele 7S AAlEka qldh

HEZAHIL . Table 12 debranching &.4:8l pul-
lulanase®} #E A3 E A9l g-amylases HEHo
= H7RgF d3e|oh old fungal a-amylases 3}
HEE 7IHE & SR A AlEsle 54 A
¥ 1g% 100 unit®} extruded ZE-2] HA FFol
400 unit 2.2 J~8-&t37, pullulanases 32 2] o] A]
a-D-(1,6)-glycosidic bond& 53l 3} maltose +8-&
woled ARgsh= okl AF 1g9 041 unit, 28] 7
c-amylases= FE-e| AsA] Hulske okl 149
unit-g H7Fskd ok

Fungal a-amylase& 100 unit-2 #H7}slo] 124]7¢
Hh-A1 22 o] maltose, glucose, maltooligosaccha-
rides®] %7} 7z} 161, 0, 101 g/l(w/v)E maltose 2]
v 61%(w/w)ei e, 400 unit H7pA]odl = zhz}
220, 17, 47 g/l(w/v), 22]at 77%w/w)sdch §+3 fun-
gal a-amylase 100 unitell pullulanase& R 5E27)
595 749 maltose, glucose, maltooligosacchari-

A




110

Table 1. Effect of supplemental addition of pullulanase
and a-amylase on the maltose formation from extruded

starch (g/D
Enzyme Gl G2 23 TS MC(%)
F(100) 0 161 101 262 61
F+P 0 190 88 278 68
F+a 0 182 91 273 67
F+P+a 0 183 82 265 69
F(400) 17 220 47 284 77
F+P 17 221 44 282 78
F+a 18 218 42 278 78
F+P+a 20 224 51 295 76

Conditions; 300 g extruded corn starch/{, 100 unit fu-
ngal a-amylase/g starch, 0.05 M acetate buffer(pH 5.5),
[Ca?*]; 50 ppm, 50C, 250 rpm, and after 12 hours. F;
Fungal a-amylase, P; Pullulanase(0.41 umt/g starch), a;
a-amylase(14.9 unit/g starch), TS; total sugar(=G1+G
2+ 2G3), MC; maltose content,
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=l s "“-{1: pullulanase ¢} a-amylase& F A<

B2 A9+ zhzh 183, 0, 82 g/l(w/v), L
69%(W/W)-§f‘1 2% YFEALE ddY7ElE 2459
2 zle]7) glsich
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A
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Zx)stn g uhgale) Ré b ol agxE Artst

of I uh-g-ol o} fyAle] Fxlxe] &g Baghg-o]
7}e-3heh whela] extruded AHE-S 1004 700 g/l
(w/v)ebz Alg®7hA] H7lslod 124|7F vbS-AlH A
4%l maltose ¥x, ¢X%, L83l AHE-ZEe] di{
AE-S HET A3+ Fig 53 #o} A3 A4+
fungal a-amylaseZ4] HE 1g%d 400 unit2 73
Sve= 4

Extruded 32 =x7} &7} w2b maltose
FXv Frbekelem, HE 700 g/l(w/v)e] 73+ 363
g/l(w/v)el= 2 F%2] maltosed YA 5 glgdr)
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Fig. 5. Effect of the amounts of extruded starch on
maltose production in heterogeneous enzyme reaction
system.

Conditions; 400 unit fungal a-amylase/g starch, 0.05 M
acetate buffer(pH 5.5), 50C, 250 rpm, and after 12
hours. C; maltose concentration, <; maltose content,
®; maltose conversion yield.
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Fig. 6. Initial maltose-forming rates and water satura-
tion index at different amounts of extruded starch.
Conditions; 400 unit fungal a-amylase/g starch, 0.05 M
acetate buffer(pH 5.5), 50C, and 250 rpm. @; initial
maltose-forming rate, l; water saturation index(=wei-
ght of liquid/(WAIXweight of extruded starch}).
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Fig. 7. Comparison of progress of reaction at high ext-
ruded starch concentration by batch-wise(A) and fed-
batch-wise feedings(B).

Batch conditions; 700 g extruded corn starch/l, 400 unit
fungal a-amylase/g starch, 0.05M acetate buffer(pH
5.5), 50C, and 250 rpm. Fed-batch conditions; the ini-
tial, second, third feedings of 200 g//, and the forth
feeding of 100 g/2/1 after 0, 1, 2, and 3 hours, respecti-
vely. [1; total sugar, O; maltose, 7; maltooligosacchari-
des, 2; glucose, B; residual starch. Arrow indicates
the fed-batch feeding time.
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Table 2. Comparison of various sugar contents and ma-
Itose conversion productivity on maltose forming reac-
tion at high concentration of extruded starch by batch-
wise and fed-batch-wise feedings

Batch Fed-batch

Maltose content(%) 67 70
Maltooligosaccharides content(%) 17 17
Glucose content(%) 16 13
Maltose conversion yield (.55 0.63

Maltose conversion productivity(g/i-h) 16.7 194

Batch conditions; 700 g extruded corn starch/l, 400 unit
fungal a-amylase/g starch, 0.05M acetate buffer(pH
5.5), 50T, 250 rpm, and after 24 hours. Fed-batch con-
ditions; the imtial, second, third feeding 200 g/{, and
the fourth feeding 100 g/l after 0, 1, 2, and 3 hours,
respectively.
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Table 3. Overall comparison of heterogeneous enzyme
reaction using insoluble extruded starch and conventio-
nal enzyme reaction using liquefied starch

Insoluble Liquefied
extruded starch starch
Maltose content{%) 77 65
Maltooligosaccharides content(%) 17 31
Glucose content{%) 6 4
Concentration of maltose(g/{) 220 185
Half reaction time(h) (.8 14
Overall productivity(g//- h) 18.3 154

Conditions; 300 g corn starch/l, 400 unit fungal a-amy-
lase/g starch, 0.05 M aetate buffer(pH 5.5), 50C, 250
rpm, and after 12 hours.
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