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Production of raw-starch digesting amyloglucosidase by
Aspergillus sp GP-21 in solid state fermentation
G Mamo and A Gessesse

Department of Biology, Addis Ababa University, PO Box 1176, Addis Ababa, Ethiopia

Aspergillus sp GP-21 produced a raw-starch digesting amyloglucosidase which showed optimum activity at 65 °C
and pH 5.0-5.5. At 50 °C the enzyme converted about 40% of raw corn starch to glucose within 48 h. Enzyme pro-
duction was studied in solid state fermentation using wheat bran. Productivity was affected by the level of moisture,
incubation temperature and the presence or absence of supplements. Maximum enzyme production was observed

at a moisture level of 75% and at 30 °C. Enzyme production was stimulated by supplementing wheat bran with 0.25%
proteose peptone, 1% trace mineral solution, 0.01% CaCl , and 0.01% MgSO ,.
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Introduction for 15 min, and inoculated with 1 ml spore suspension (6

x 10” ml™Y). After 72 h of incubation at 3 the culture

12rﬁgg\r/:trl\]trlggalljstgc?@goZe;f(ljr::ge,sztakrﬁgv\%ugé/ Is erl]aet?r?iezd- %\t/as extracted with distilled water and filtered. The filtrate
was used as the source of enzymes.

ation. This increases the viscosity of the slurry and pose
problems with mixing and pumping. To overcome such vis-

cosity-associated problems, thermostahleamylase is g )
added which can liquefy starch at this elevated temperaturc%g;_e ;ggggneusggtgor: eSrzng.wgsKgon;pSOI Sﬁig (%.!séa;&?,
[l =~y Ay g} ] [l

Liquefied starch is then saccharified using fungal amyloglu-

- : 0.1; MgSQ, 0.1; trace mineral solution, 1 ml. One hundred
cosidase (AMG) at 6. This process of starch sacchar- milliliters of medium in a 500-ml baffled flask were inocu-

ification, although currently used by starch processin : . o1 S
industries, is energy intensive thus increasing the pr(ﬂated with 1 ml spore suspension ¥610" ml™™) and incu

; : . _bated at 30C with rotary shaking. After 72 h the culture
duction cost of starch-based products. Hence, with the V|ev5J
of reducing the energy cost of starch processing, currentvas harvested and the cell-free supernatant phase was used

there is an ongoing search for efficient raw starch-dige:stinéi(lS the enzyme source.
amylases. Such enzymes have been reported from differe%tnzyme assay

fungal [11,19,20] and bacterial [2,4,12,13,21] strains. The activity of AMG was determined at B0 by mixing

Raw starch-digesting amyloglucosidases reported so fa'gxg mi : X
. X of 1% (w/v) soluble starch dissolved in 50 mM acet-
have been produced using submerged fermentation (Sm e buffer, pH 5 with 0.1 ml of appropriately diluted

[19,21,24]. On the other hand, the use of solid state fermen= .
tation (SSF) is more advantageous than SmE and allow, nzyme source. The reducing sugar released was measured

cheaper production of enzymes [23,25]. In this study WeoIIowing the dinitrosalicylic acid (DNS) method [17]. One

report the properties of a raw-starch digesting amyloglucos, nit of AMG activity was defined as the amount of enzyme

- ) ; that released umol of reducing sugar equivalent to glu-
sidase (AMG) and its production under SSF. cose per minute under the assay condition. Enzyme pro-

ductivity using solid state fermentation was given as¥ g
Materials and methods dry mouldy bran (DMB). Xylanase and cellulase activity
were determined in 50 mM acetate buffer, pH 5.0 at@&0
as described by Gessesse and Mamo [9] and Khyami-
orani [14], respectively. Protease activity was measured
s described earlier [8]. All values given are averages of
ree determinations.

Submerged fermentation

Organism

Raw-starch hydrolyzing fungal strains were isolated from
garden soil. Based on the properties of the AMG produce
and the level of production, one isolate, designated GP-2
was selected for further studies. The isolate was identifie

as a strain of the genusspergillus Raw starch adsorption

To 1 ml of AMG preparation (12 U), 0.5 g of raw potato
or corn starch was added and gently stirred for 15 min at
room temperature. After centrifugation at 258@ for 10
min, the level of activity in the supernatant phase was
determined. The adsorption rate (AR) was calculated
according to the equation:

Solid state fermentation
Appropriately moistened wheat bran in the presence o
absence of different supplements was autoclaved at21
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where R and O stand for residual and original enzyme
activity, respectively.

Raw starch hydrolysis

The reaction mixture in a final volume of 10 ml (50 mM
acetate buffer, pH 5.0) was composed of 1% starch and 6.5°
U mlt enzyme. The mixture was incubated at'G0with
rotary shaking and samples were withdrawn at intervals of
time. The reducing sugar released was determined as
described above.

ty (%)

Residual activ

Results

Properties of the enzyme

Effect of temperature on activity was determined between
30-75C at intervals of 3C. The enzyme was optimally
active at 68C and displayed 90% of its peak activity at
70°C (Figure 1). Thermal stability was determined in the

the presence and absence of'Ghe half-life of the enzyme
was 90 min. The optimum pH for activity was in the range
of 5.0-5.5 (Figure 3). Maximum stability was also observed
in this pH range.

The enzyme was absorbed to raw corn and potato starch
with an adsorption rate of over 70%. However, the degree
of hydrolysis of corn and potato starch granules was differ-
ent. About 40% of corn and 4% of potato raw starch was
hydrolysed after 48 h of incubation (Figure 4).

Enzyme production

Aspergillussp GP-21 was grown both in solid and liquid
medium. Compared to SmF the level of enzyme production
under SSF was very high. As indicated in Table 1, under
SSF, in addition to AMG the organism produced cellulase,
xylanase and protease. The level of AMG and xylanase
activity was high, while productivity of the other enzymes
was low.
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Figure 1 Effect of temperature on the activity éfspergillussp GP-21
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Figure 3 Effect of pH on the activity ofAspergillussp GP-21 amyloglu-
cosidase at 6. Buffers used were 50 mM acetate (pH 4.0-6.0) and
phosphate (pH 6.5 and 7.0).

Enzyme production was affected by the moisture content
of the substrate and the incubation temperature. Maximum
activity was detected at an initial moisture level of 75%
(Figure 5) and an incubation temperature ofPGQTable
2). The amount of enzyme produced at room temperature
(23 £ 2°C) was 95% of that produced at3D. On the other
hand, only 40% of the maximum production was measured
at 37C (Table 2).

Wheat bran at a moisture level of 75% was supplemented
with 0.25 g of yeast extract, peptone, tryptone and
ammonium chloride. AMG production was slightly lower
in the presence of yeast extract while addition of tryptone

amyloglucosidase. Enzyme activity was determined at different tempera@nd peptone resulted in slight improvement on the level of
tures using 50 mM acetate buffer, pH 5.0.

enzyme production (Table 3).
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Table 2 Effect of incubation temperature on the level of enzyme pro-

40 - duction byAspergillussp GP-21 under solid state fermentation
Incubation temperature€ ) U g* of DMB
30 |-
Room temperature (23 2) 198
30 209
37 86

-
o
|

DMB: dry mouldy bran.

Table 3 Effect of different supplements on amyloglucosidase production

Raw starch conversion(% glucose)
N
o
1

M by Aspergillussp GP-21 under solid state fermentation
] ] 1

Supplement U ¢ DMB
0O 10 20 30 40 50 PP i
- Nitrogen sources Control 127
Time (h) Yeast extract 109
Figure 4 Raw corn M) and potato @) starch hydrolysis byspergillus Proteose peptone 155
sp GP-21 amylase. The mixture was composed of 0.1 g raw starch and Tryptone 151
65 U of AMG in 10 ml acetate buffer and incubated afG0 NH,CI 126
Minerals Trace 146
CaCl, + MgSO, 151
Trace+ CaCl, + MgSO, 179

Table1 Enzymes produced bsspergillussp GP-21 under SSF using
wheat bran as a substrate

Enzyme Activity (U g* DMB)
AMG 207
Xylanase 151
Cellulase 7
Protease 4

Trace mineral solution (1 ml), Ca£(0.01 g) and MgSQ
(0.01 g), and a combination of these were used to sup-
plement the wheat bran. As shown in Table 3, addition of
these minerals slightly stimulated enzyme production.

The time course of enzyme production was studied using
wheat bran supplemented with proteose peptone, £acCl
MgSQO, and trace mineral solution. Maximum enzyme pro-
duction (221 U g* of DMB) was achieved after 72 h, fol-

lowed by a gradual decline in productivity (Figure 6).
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Figure 5 Effect of moisture level on enzyme production Agpergillus
sp GP-21 under solid state fermentation. Wheat bran supplemented with

proteose peptone and minerals was moistened to a different level. Theigure 6 Time course of amyloglucosidase productionAspergillussp

culture was incubated at 30 and enzyme activity was determined after GP-21 under solid state fermentation. Wheat bran at a moisture level of
72 h. 75% and supplemented with proteose peptone and minerals was inoculated

AMG activity (Ulg of DMB)

200

150

100

50

0

| | ] | | |

24 36 48 60 72 84 96

Time (h)

with spores and incubated at 80



Production of raw-starch digesting amyloglucosidase m
G Mamo and A Gessesse a

625

Discussion development of a protease-negatiweamylase-producing
Aspergillus ficunmutant from a protease-positive strain.
Compared to conventional starch processing, direct raw-
starch saccharification is gqn3|dered to be cost effecnveACkn owledgements
However, up to now the efficiency of enzymatic raw-starch
digestion is very low and remains economically unattrac-The financial support of the Swedish International Develop-
tive [20]. There are reports showing improvement on thement Cooperation Agency (SIDA/SAREC) is gratefully
efficiency of raw starch digestion around°@compared acknowledged. The authors thank Fekadesilassie Wubie
to lower temperatures [1,4]. In this regard the raw-starchand Aster Mekasha for technical assistance.
digesting AMG of Aspergillussp GP-21 which was opti-
mally active at 68C and showed high thermal stability
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