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The use of GRAS microorganisms isolated from fermented foods during amylase production using an eco-
nomical food-waste medium provides more opportunities to produce amylase with a wider range of appli-
cations. Hence, this study aimed to isolate a good amylase-producing fungi from the traditional Indonesian
fermented cassava, gatot, and to identify the amylase-producing capability of the isolate in a potato peel
waste (PPW) medium. Black-colored fungi isolated from gatot was morphologically identified and the amy-
lase produced was characterized using SDS-PAGE and Native PAGE. The isolate was then grown on PPW
medium, and the amylase produced was further characterized. Morphological identification and enzyme
characterization revealed that the Aspergillus niger aggregate F isolated from gatot secreted an active
extracellular a-amylase with an optimum pH of 5-6. In conclusion, Aspergillus niger aggregate F isolated
from gatot can be used to produce c-amylase using PPW as a medium.
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Introduction

Amylase is one of the most popular enzymes with a
great importance in industrial and biotechnological
applications and an estimated share of 25% in the global
enzyme market [1]. Amylases have a wide range of
applications ranging from food, textile, detergent, paper,
pharmaceutical, and biofuel industries. Amylase can be
obtained from different sources such as plants, animals,
and microbes. Microbial amylases both from bacteria
and fungi possess higher popularity due to its viability to
meet general industrial demands [1-3].
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The advantages of using microorganisms as the source
of amylases depend on its cost effectivity, high produc-
tivity, stability, and the ease of cultivation, optimization,
and modification. Among the microbe-producing amy-
lase, Aspergillus niger has been reported as one of the
best commercially producers of o-amylase and glucoam-
ylase. Amylases produced by Aspergillus niger are
known to have a wide range of pH activity and thermo-
stability that is suitable for industrial purposes [4].
Moreover, Aspergillus niger has earned the Generally
Recognized as Safe (GRAS) status that enables its appli-
cation in food and feed industries [5].

Beside the fermenting microorganisms, the other vital
factor that determines the cost-efficiency of amylase pro-
duction is the selection of the culture medium. It is
increasingly common to design a solid state fermenta-
tion (SSF) system for fungal amylase production by



using food wastes as substrate for amylase production
[6-9]. Potato peel has been reported as the major waste
of potato industry and at least 50 kg of them is produced
from every ton of potatoes. Moreover, the management
of this abundance waste has become an important issue
to the potato industries [10]. Potato peel waste (PPW) is
one of the potential culture medium that can be used to
produce amylase due to its abundance in availability as
industrial waste. The utilization of PPW for amylase
production is very viable due to its high starch content
and other nutrients to support the growth of microbes
[6, 11]. As an added value from using food wastes for
amylase production, the fermentation also yields smaller
fermentable sugars from the breakdown of starch [§]
which could be used as a substrate for other processes
such butanol fermentation by Clostridium species [12].
Indonesia has plenty of fermented food products,
which do not only serve as national delicacies but also
the source of beneficial microbes [13]. One of them is
gatot, a traditional dessert originated from the Special
Region of Yogyakarta, which is made from spontaneous
fermentation of cassava by indigenous fungi [14]. Aside
from being a popular fermented food, the exploration of
beneficial microbes from gatot and their potential use for
industrial application is still limited. The high starch
content of cassava plays a major role in selecting highly
potential amylase-producing microbes involved in gatot
fermentation. Isolation of microbes from fermented food
like gatot offers a higher chance of finding generally rec-
ognized as safe (GRAS) microbes which potentially produce
amylase with a wider range of application. Therefore,
this study aimed to determine and characterize the abil-
ity of Aspergillus niger aggregate isolated from gatot to
produce amylase using PPW as its culture medium.

Materials and Methods

Isolation and morphological identification of Aspergillus
sp. isolated from gatot

Ten grams of gatot and 90 ml of sterilized distilled
water were mixed and diluted to 10, Afterward, 100 pl
of the mixture was inoculated on PDA by spread plate
method and incubated for three days at 30C. Fungal col-
ony grown on PDA then purified by streak plate method
on the new PDA and incubated for another three days at
307C. Morphological observation of the fungal colony was
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done by slide culture technique [15].

Enzyme extraction and purification

Fungal isolate was cultured in potato dextrose broth
(PDB) medium and incubated at 30°C overnight. Super-
natant of the culture was then collected by centrifuga-
tion at 8,000 g for 15 min and stored as the crude extract
of the enzyme. Acetone precipitation was used to par-
tially purify and concentrate the protein content of the
extract. Crude extract collected from the PDB culture
was mixed with chilled acetone in 1:3 ratio then stored
overnight at -20°C. The resulting precipitates were col-
lected by centrifugation at 15,000 rpm for 5 min, air
dried at room temperature for 1 h and suspended in
250 pl Phosphate-Buffered Saline (PBS) [16].

Molecular weight identification of amylase by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE)

The crude and partially purified extracts of Aspergillus
niger aggregate F were analyzed by SDS-PAGE using
4% stacking gel and 10% running gel according to the
method of Laemmli [17]. Electrophoresis was run at
50 V for 60 min, followed by 100 V for another 60 min.
Visualization of protein bands was done by staining the
gel in Coomasie Blue solution followed by destaining
procedure. Approximate molecular weight of Aspergillus
niger aggregate F amylase was then determined against
prestained protein ladder (Bioline state).

Identification of amylase activity by Native-PAGE and
activity staining analysis

Native-PAGE analysis was carried out as SDS-PAGE
without the addition of SDS. Samples were loaded into
4% stacking gel and 10% running gel and run at 50 V for
60 min, followed by 100 V for another 60 min. After the
separation, activity staining was done by incubating the
running gel in 1% starch solution for 45-60 min at 37C.
The gel was then stained with iodine solution to detect
the area in which starch degradation has occurred.

Potato peel waste medium and inoculation of fungal cul-
ture

Potato peel waste (PPW) were collected from a potato
home industry and autoclaved at 121°C for 21 min.
Semi-solid fermentation medium was achieved by mash-
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ing the sterilized peels using a mortar until it reached a
pulp-like consistency. Aspergillus niger aggregate F was
inoculated into the PPW medium and incubated at 30°C
for seven days. A successful growth was indicated by the
formation of cotton-like structure of Aspergillus niger
aggregate F mycelia in the medium.

Identification of amylase hydrolytic activity products by
thin layer chromatography (TLC)

Two percent (w/v) starch solution was mixed with
crude and partially purified extracts of Aspergillus niger
aggregate F as well as commercial a-amylase (Novozyme,
Denmark) and glucoamylase (Novozyme). The mixtures
were incubated at 60C for 1 h. Then, 2 pl of each mix-
ture was spotted into the Si60 plate (Merck Milipore,
USA) along with four sugar standards: starch, dextrose,
maltose, and sucrose. After air-dried in the oven, the
base of the plate was then placed inside a sealed cham-
ber filled with eluent which consisted of n-butanol, 1-
propanol, acetic acid, and distilled water in the ratio of
3:1:1:1. As soon as the eluent reached the top of the
plate, the plate was removed from the chamber and then
air-dried in the oven. In order to visualize the sugar
spots, the plate was dip into the visualization solution
consisted of 0.5 gram o-napthol, 2.5 ml HySOy4, and 47.5
ml ethanol absolute. The plate was heated in the oven to
visualize sugar spots and then the retention factor (Rf)
value of each spot was measured and compared to the
standard sugars [18].

Characterization of amylase activity

The activity of amylase produced by Aspergillus niger
aggregate F was characterized based on its optimum pH
and substrate concentration. To determine the optimum
pH of the amylase, 2 mg/ml of starch was dissolved in
various buffers. For pH 3.5, 4 and 5, 0.1 M sodium ace-
tate buffer was used. For pH 6 and 7, the same amount
of starch was dissolved in 0.1 M phosphate buffer saline
and for pH 9, the starch was dissolved in 0.1 M tris-HCl
buffer. As much as 500 ul of that solution was then
mixed with 20 pl of crude extract of Aspergillus niger
aggregate F and incubated at 60C for 15 min. The
amount of glucose resulted from the hydrolysis of starch
by amylase contained in the extract were measured
using DNS method, as decribed by Miller [17].

Optimum substrate concentration of the amylase was
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determined by mixing 500 pl of starch in various concen-
tration (4, 6, 8, 10, 12, 14, 18, 22, and 30 mg/ml) with
20 ul of crude extract of Aspergillus niger aggregate F
and incubated them at 60C for 15 min. The glucose level
resulted from the hydrolysis of starch by amylase con-
tained in the extract were measured using DNS method,
as decribed by Miller [17].

Results and Discussion

In this study, the candidate of amylase-producing

Fig. 1. Observation of Aspergillus niger aggregate F. (A) Gatot,
a fermented cassava originated from the Special Region of
Yogyakarta, Indonesia. Arrow showed black spot of Aspergillus
niger colony on gatot; (B) Aspergillus niger aggregate F colony
grown on PDA medium; (C) Conidiophore at 100x total magni-
fication; (D) Conidial head at 400x total magnification; and (E)
Conidia at 1,000x total magnification.



fungi were isolated from Indonesian traditional fermented
food, gatot (Fig. 1A). Gatot is a product of spontaneous
cassava fermentation by indigenous microorganisms,
primarily fungi and lactic acid bacteria. The growth and
activity of those microorganisms result in the alteration
of the structure, flavor, and visible formation of black
hyphae in the surface of the cassava tuber, which char-
acterized the appearance of this particular fermented
food [19]. Isolation of gatot’s microorganisms has suc-
cessfully selected a number of different multicellular
fungi, including the one whose criteria matched the tar-
get candidate, Aspergillus niger. This fungus was
denoted as isolate F and further used for morphological
identification and amylase characterization in this
study.

Morphological identification of isolate from gatot

For the morphological identification, isolate F was
grown on PDA medium. Visual observation of the single
colony separated from the streak showed that isolate F
had a black surface color (Fig. 1B). The colony was round
with entire margins and showed slight umbonate eleva-
tion which was in line with the morphology and feature
of Aspergillus niger grown on agar plate as previously
reported by Gautam et al. [20].

A Marker
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Observation under light microscope showed that iso-
late F' was a biseriate species (Fig. 1C-E). Its vesicle
shape was globose and metulae covered the whole vesi-
cle. Both metulae and conidia were black colored. Stipes
of the conidiophore was smooth and translucent. These
descriptions matched the characteristics of Aspergillus
section Nigri [21, 22]. The conidia surface looked uneven
which indicated that it had warty conidia, similar to the
one observed in A. carbonarius, A. foetidus, A. niger
aggregate, A. niger, A. tubingensis and Aspergillus sp.
UFLA DCAO01 which were categorized to Aspergillus
section Nigri [23]. Based on these morphological charac-
teristics, isolate F was then denoted as Aspergillus niger
aggregate F.

Characterization of amylase produced by Aspergillus niger
aggregate F grown in commercial potato-based medium
As the main goal of this study was to isolate a poten-
tial amylase-producing fungi from gatot that can be
applied in SSF with PPW as its sole medium, the ability
of the isolate to produce extracellular amylase was first
needed to be confirmed. Both crude and partially puri-
fied extracts of Aspergillus niger aggregate F grown in
PDB were collected and their protein content were mea-
sured using Biuret assay. The crude extract contained

Fig. 2. Identification of amylase produced by Aspergillus niger aggregate F grown in PDB medium using (A) SDS-PAGE and
(B) Native-PAGE and activity staining analysis. (A) Lane 1: HyperPage Prestained Protein Marker (Bioline); Lane 2: crude extract
of Aspergillus niger aggregate F; Lane 3: partially purified and concentrated crude extract of Aspergillus niger aggregate F; (B) Lane
1: crude extract of Aspergillus niger aggregate F; Lane 2: a single band with an active amylase activity.
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0.6148 mg protein per pl, while the partially purified
extract protein concentration was 0.1522 mg/ul. The
purification process recovery yield was 25%. Both
extracts were analyzed using SDS-PAGE electrophore-
sis.

Two protein bands with molecular weight of approxi-
mately 60 kDa and 80 kDa were observed in both crude
and partially purified extracts of Aspergillus niger
aggregate F (Fig. 2A). The fainter 60 kDa protein bands
might correspond to o-amylase originated from Aspergil-
lus sp. which was reported to be in the range of 43-60
kDa [24, 25] whereas the 80 kDa might correspond to
glucose oxidase which frequently isolated from Aspergil-
lus niger [26].

Native-PAGE analysis was performed in order to con-
firm the presence and activity of amylase produced by
Aspergillus niger aggregate F. The gel was incubated in
1% starch solution and stained with iodine to detect the
starch degradation activity of the separated protein. The
presence of a yellow band in iodine-stained gel (Fig. 2B)
indicated the active amylase activity of the crude extract
of Aspergillus niger aggregate F.

Characterization of amylase produced by Aspergillus niger
aggregate F grown in potato peel waste medium

The ability of Aspergillus niger aggregate F to grow in
commercial potato-based medium and produced extra-
cellular amylase were important indicators of its poten-
tial to be used in a solid-state fermentation of PPW. The
PPW medium was prepared by sterilizing the potato
peel and mashing it to a pulp-like consistency. This
treatment increased the surface area of the substrate,
making it easier for the fungi to grow and utilize the
nutrient [27]. Extracellular extract of Aspergillus niger
aggregate F was then collected and filtered after seven
days of incubation in potato peel waste medium. The
supernatant was separated by centrifugation and sub-
jected to partial purification by acetone precipitation.

Separation of starch hydrolysis products by TLC
method was done in order to determine the specific type
of amylase produced by Aspergillus niger aggregate F
grown in PPW medium. The types of sugar present as
the product of amylase activity could be used to reveal
the unique hydrolyzing pattern that was possessed by
each type of amylase. The substrate used in this method
was 2% of starch solution mixed with crude and partially
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Fig. 3. Comparison of products derived from starch hydro-
lysis by crude and partially purified extract of Aspergillus
niger aggregate F grown in PPW medium, commercial a-
amylase, and commercial glucoamylase using TLC method.
1: Starch, 2: Dextrose, 3: Maltose, 4: Sucrose, 5-8: Starch degra-
dation products derived from the activity of crude extract of
Aspergillus niger aggregate F (5), partially purified extract of
Aspergillus niger aggregate F (6), commercial a-amylase (7), and
commercial glucoamylase (8).

purified extracts of Aspergillus niger aggregate F. The
types of sugar derivatives produced from the activity of
the crude and partially purified extracts would also be
compared with those resulted from the hydrolysis activ-
ity of commercial a-amylase and glucoamylase. Identifi-
cation of each sugar spots were done by comparing its Rf
values with the known sugar standards run under iden-
tical condition. Fig. 3 showed the results of starch hydro-
lysis by crude and partially purified extracts of
Aspergillus niger aggregate F. At least six sugar spots
identified as glucose, maltose, intermediate products,
and starch were seen in lane 5 and 6. This indicated the
presence of products derived from the hydrolysis of
starch by crude and partially purified extract of Asper-
gillus niger aggregate F, respectively. The similarity of
sugar spot pattern produced by commercial o-amylase in
lane 7 suggested that Aspergillus niger aggregate F
enzyme can be classified as a-amylase, which is a type of
amylase that produced oligosaccharides of varying



lengths [28] as opposed to glucoamylase which only pro-
duced glucose as its products of hydrolysis (lane 8) [29].

Characterization of amylase activity from Aspergillus niger
aggregate F Grown in potato peel waste medium

Characterization of amylase activity produced by
Aspergillus niger aggregate F was done by determining
its optimum pH and substrate concentration. In this
study, DNS method was used to measure the level of
glucose released when the crude extract of Aspergillus
niger aggregate F was mixed with starch solution and
incubated for 15 min. Based on prior experiment (data
not shown), amylase produced by Aspergillus niger
aggregate F had an optimum temperature of 60C, thus
substrate incubation for DNS analysis was done in that
temperature.

The amylase activity of Aspergillus niger aggregate F
on different pH can be observed in Fig. 4. The highest
glucose concentrations were produced when hydrolysis
of starch by the crude extract took place at pH 5—6. This
data was in line with prior published results which
stated that optimum pH for Aspergillus niger’s amylase
activity ranged from 4 to 6.5 [4, 30, 31]. Generally, the
Aspergillus niger aggregate F amylase activity increased
linearly with the increase concentration of substrate
until it reached its highest point at 22 mg/ml of starch,
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Fig. 4. The effect of pH on amylase activity of Aspergillus
niger aggregate F grown in PPW. The hydrolysis of starch by
the crude extract of Aspergillus niger aggregate F with varying
pH were done in 60 C for 15 min. Filled circles represented
means obtained from nine repeats (n = 9) and vertical bars
expressed standard deviation. Different superscript letters
show significantly different means between treatments (p <
0.05). One unit of enzyme activity is defined as the amount of
enzyme releases 1 umol of glucose per minute.
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Fig. 5. The effect of substrate concentration on amylase
activity of Aspergillus niger aggregate F grown in PPW. The
hydrolysis of starch by the crude extract of Aspergillus niger
aggregate F with varying substrate concentrations were done
in 60 C for 15 min. Filled circles represented means obtained
from five repeats (n = 5) and vertical bars expressed standard
deviation. Different superscript letters show significantly differ-
ent means between treatments (p < 0.05). One unit of enzyme
activity is defined as the amount of enzyme releases 1 umol of
glucose per minute.

upon which the activity started to plateau (Fig. 5).

Based on the results of this study, it was known that
Aspergillus niger aggregate F isolated from gatot
secreted extracellular amylase when grown both in com-
mercial potato-based medium and PPW. In the sponta-
neous fermentation of gatot, the high starch content of
the cassava (64—-84% of dry weight) supports the growth
of Aspergillus niger, a fungus most commonly found in
the environment including food and feed ingredients
[32, 33]. Similar to cassava, potato peel also has a high
starch content, which might account to 67% of the dry
weight [34, 35]. This might explain the ability of
Aspergillus niger aggregate F to grow well on the PPW
medium as well. The ability of Aspergillus niger aggre-
gate F to secrete amylase enabled it to utilize the sim-
pler sugar from starch to support its growth in the PPW
medium.

The amylase produced by Aspergillus niger aggregate
F on potato-based and PPW medium was predicted to be
in the class of a-amylase based on the results of SDS-
PAGE and TLC analysis. Fungal o-amylase is catego-
rized as saccharifying enzymes as it is able to randomly
cleave o-1,4-oligosaccharide links in the starch molecule
from the non-reducing ends, resulting in the formation
of varying degree of smaller unit oligosaccharides
[1, 8, 36]. a-amylase is one of the most important indus-
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trial enzymes commonly used both in food and biofuel
industries. The production of this enzyme by generally
recognized as safe (GRAS) microorganisms, including
Aspergillus niger, offers a wider range of applications
thus more preferable compared to the enzyme produced
by the non-GRAS microorganisms [37].

Allin all, the ability of Aspergillus niger aggregate F to
grow on the PPW medium and produce extracellular o-
amylase through solid-state fermentation may reveal its
potential to be used for reducing the cost of amylase pro-
duction while opening a new alternative in the waste
management of potato peel.
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