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Amylase is one of the most widely used enzymes in various industries. However, in Indonesia,
its supply largely relies on imports, highlighting the need for domestic production using
indigenous Indonesian microbes. This study aimed to isolate and characterize indigenous
microbes capable of producing amylase from wastewater of the paper industry in Mojokerto,
East Java. The research stages included sample preparation, isolation of amylase-producing
microbes, crude amylase extract production, enzyme activity testing, optimization of amylase
production, determination of specific activity, and bacterial identification by genotype. The study
successfully identified two bacterial isolates, A7 and A8, that produce amylase enzymes, with
enzyme activity values of 1.084 + 0.026 U/mL and 0.784 + 0.012 U/mL, respectively. Isolate A7
exhibited optimal amylase production at pH 3 and 37°C, with a specific activity of 1.092 + 0.027
U/mg. In contrast, isolate A8 reached its optimal production at pH 7 and 37°C, with a specific
activity of 0.805 £ 0.028 U/mg. Genotypic identification using 16S rRNA revealed that isolate
A7 was classified as Metabacillus niabensis with a 100% similarity, while isolate A8 was
identified as Fictibacillus nanhaiensis with a similarity of 99.79%.
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Enzymes are biomolecules that function as biocatalysts
in a chemical reaction that can accelerate the rate of
reaction with very low concentration requirements,
and able to accelerate a reaction without participating
in the reaction process [1]. The demand for enzymes
is substantial and has grown significantly, increasing
by 33 thousand tons between 2019 and 2023. [2]. One
of the enzymes that is widely used in the industry is
the amylase enzyme which is commercially one of the
most important enzymes, accounting for around 30%
of the global enzyme market and continues to increase
[3]. The demand for amylase enzyme in Indonesia
is very high and still depends on imported products
especially for applications in industries such as food,
textiles, starch conversion for syrup sugar, beer
fermentation, detergents, and the paper industry.

The need for amylase enzyme is high, the
source of amylase enzyme manufacturers is constantly
soughtone of the sources is easy to find in
microorganisms. The advantages of using microbes
as amylase producers include higher production
rates, stability, fast growth rates, easy availability

of a large number of microbial strains and can
produce commercial enzymes that have added value
and value compared to amylase from plants and
animals [3]. Amylase-producing bacteria are mostly
found in waste containing organic matter [4] in the
form of carbo-hydrates, proteins and fats [5].

Research on the isolation of amylase-producing
microbes from waste has been carried out by several
researchers, such as the liquid waste of the sugar
industry succeeded in identifying amylase enzyme-
producing microbes, namely Bacillus infantis, Bacillus
flexus, and Pseudomonas nitroreducens with amylase
enzyme activity of 0.108 U/mL, 0.056 U/mL, 0.107
U/mL, respectively [6]. In another study originating
from dairy industry waste [7], the species Bacillus
stratosphericus and Aspergillus welwitschiae were
obtained with amylase enzyme activity of 24.4 U/mL
and 12.58 U/mL. However, until now there has been
no research using samples of liquid waste from the
paper industry, so in this study the sample was used
as an effort to find a source of microbial indigen
that produces amylase enzymes.
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Amylase is an enzyme that catalyzes the
hydrolysis of alpha-1,4-glycosidic polysaccharides to
produce dextrin, oligosaccharides, maltose, and D-
glucose [8], [9]. The enzymatic hydrolysis process is
more effective because the enzymes break down
the glycosidic bonds specifically without leaving
significant residues or color damage [10]. The starch
hydrolysis process using amylase enzyme can also be
carried out at low temperatures, namely at 30°C so
that it can replace the conventional starch hydrolysis
process using acid catalysts that require high
temperatures (90-125°) [11]. Amylase enzymes in
the paper industry are applied as ink removal,
cleaning, drainage improvement, and surface coating
that can improve the smoothness, strength, and quality
of writing [12]. One of them is the paper industry in
Mojokerto, East Java. The pulp and paper production
process produces waste that contains inorganic and
organic compounds. Organic compounds such as
carbohydrates or polysaccharides consisting of cellulose,
hemicellulose, pectin and lignin derived from wood
raw materials as well as the use of amylase enzymes.

This study aims to isolate the indigen microbes
that produce amylase enzymes which are characterized
based on the optimization of incubation time, pH and
temperature, as well as genotype identification of
amylase enzyme producing indigen microbial isolates
derived from liquid waste from the paper industry in
Mojokerto, East Java.

EXPERIMENTAL
Isolation of Amylase Enzyme Producing Microbes

Isolation of amylase enzyme-producing microbes was
perfomed by spread plate technique on Starch Agar
selective media containing 1% starch and 2.8 grams
of Nutrients Agar (Himedia) in 100 mL of aquades.
Dilution was carried out using a 0.85% NaCl solution
in a ratio of 1:9, inserted into each test tube that had
been labeled from a dilution level of 10 to a dilution
level of 102, From the dilution results, 100 pL was
taken to be spread on the selective medium of Starch
Agar, incubated at 37°C for 24 hours in an incubator
[13]. Next, the bacteria that grow are selected to be
purified using the strike plate technique, incubated at
a temperature of 37°C for 24 hours in an incubator.

Then bacterial isolates that have been purified
with the strike plate technique, an iodine test is carried

Amylolytic index =

Clear zone diameter (mm)—Colony diameter (mm)

Colony diameter (mm)

(Eq.1)
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out to confirm the existence of a starch hydrolysis
reaction on the Starch Agar selective medium [14].
Bacteria that produce clear zones indicate the activity
of the amylase enzyme [15]. Next, it is measured
by the caliper to determine the magnitude of the
amylolitic index. The amylolitic index can be
calculated using the following formula (Eqg. 1).

Production of Crude Amylase Extract

Bacterial isolate was put into 20 mL of liquid medium
containing Nutrient Broth (Himedia) and 1% starch
then incubated at 37°C 100 rpm. After 24 hours, 10%
of the bacterial culture was taken, put into 30 mL of
production medium containing (g/L) NB 13, starch 10,
MgS0,4.7H20 0.25, KH2PO4 0.05, CaCl,.2H,0 0.05,
MnCI2.4H,0 0.015, and FeS0..7H,O 0.01. Optical
Density (OD) was measured at a wavelength of 600
nm which is used to measure the growth curve of
bacteria [16] from days 1-10 or until the growth curve
decreases. The culture is centrifuged for 15 minutes
at 10,000 rpm at 4°C to produce crude extract.
Furthermore, the activity of the amylase enzyme was
measured by the DNS method and the protein content
was measured by the Lowry method.

Amylase Enzyme Activity Test

The DNS method is used to measure the concentration
of reducing sugars contained in crude extracts using a
glucose solution as the standard solution. Glucose
solutions with concentration variations of 0, 50, 100,
150, 200, 250, 300, 350, 400 and 450 pg/mL were
used to create the standard glucose curve. The
concentration of reducing sugar in the DNS method
supernatant was carried out by reacting one mL of
supernatant with one mL of 1% starch solution
incubated at 37°C for 10 minutes. Then two point five
mL of DNS reagent was added. The mixture is reacted
at 80-100°C for five minutes. After that, the test tube
containing the mixture is cooled to stop the reaction
by rinsing it with running water, then ice water so
that the reaski tube does not break. Absorbance was
measured at a wavelength of 540 nm [17]. The
absorbance value is then incorporated into the linear
regression equation on the standard curve of glucose
to determine the concentration of reducing sugars in
supernatants. Amylase Enzyme (AE) activity can be
calculated by the following formula (Eg. 2) [18].

Enzyme activity =
Glucose concentration (png/mL) x Total volume (mL)

Mr glucose (pg/pmol) x Incubation time (minutes) x Amylase volume (mL)

(Eq.2)
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Optimization of Amylase Enzyme Production

In the optimization of amylase enzyme production, it
is carried out with variations in incubation time, pH of
the production medium and incubation temperature.
The incubation time optimization was carried out at
37°C [19] and at pH seven [7, 20] for one until ten
days. The pH optimization of the production media is
carried out at pH 3, 4, 5, 6, 7, 8, and 9 by adding HCI
and NaOH to the desired pH [7], this pH optimization
is carried out at the optimal incubation time that has
been obtained previously. Incubation temperature
optimization was performed at 27°C, 37°C, 45°C and
55°C with the optimal incubation time and optimal pH
previously obtained. Then the bacterial culture that
has been obtained from the results of production
optimization is centrifuged for 15 minutes at 10.000
rpm at a temperature of 4°C to produce a crude
extract. Furthermore, the activity of the amylase
enzyme was measured by the DNS method and the
protein content was measured by the Lowry method.

Determination of Specific Activity of Amylase
Enzyme

Protein concentrations were determined by Lowry's
method using Bovine Serum Albumin (BSA) solution
as a standard solution. BSA solutions with concentration
variations of 20, 40, 60, 80, 100, 120, 140 and 160 pg/mL
were used to create the standard curve of the protein.
Supernatants of zero point five mL were reacted with
two point five mL of biurete reagent, shaken with vortex
and incubated at room temperature for 10 minutes. Next,
zero point two five mL of Folin-Ciocalteu reagent was
added, re-vortified and re-incubated at room temperature
for 30 minutes. Absorbance was measured using a UV-
Vis Spectrophotometer at 750 nm [21]. The absorbance
value is then incorporated into the linear regression
equation on the protein standard curve to determine
the concentration of protein concentration in the
supernatant. Specific Activity of amylase can be
calculated by the following formula (Eqg. 3).

Amylase enzyme activity (U/mL)
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Species Identification by Genotype

The 16S rRNA gene sequencing method is used to
determine the species of bacteria produced. The
ZymoBIOMICSTM DNA Miniprep Kit is used to
isolate DNA measured using the NanoDrop™ One
Microvolume UV-Vis Spectrophotometer at wavelengths
of 260/280 nm. Furthermore, the amplification of the
16S rRNA gene by the Polymerase Chain Reaction
method using a 16s primer (27F-1492R), and then the
DNA size of the PCR results was examined using
agarose gel electrophoresis. The appropriate size of
DNA is then sequenced to obtain the 16S rRNA gene.
These results were then analyzed to confirm similarity
with other bacteria in the gene database contained in
NCBI using BLAST [22]. Then phylogenetic analysis
is carried out to find out its similarity with other species.

RESULTS AND DISCUSSION
Isolation of Amylase-Producing Microbes

Based on the spread plate method using serial dilutions
of paper industry liquid waste samples on Starch
Agar selective media, incubated for 24 hours at
37°C, 10 isolates with amylase-producing potential
were identified. The results of the spread plate at
dilution levels of 10! to 1012 are summarized in
Table 1.

The largest number of colonies was found
at 10 dilution, namely six bacterial isolates. The
number of colonies growing in this study is not
linear with the level of dilution carried out. The
lower the sample concentration, the lower the
number of colonies that grow. At dilutions 10 to
108 there are no growing colonies, the same is true
for dilutions 10-1% and 10-*2. This is due to the
concentration of the sample being too small and
not enough to grow. However, at dilution 10-° and
101! some cells still survive in harsh conditions
and grow back.

Specific Activities =

Protein content (mg/mL)

(Eq. 3)

Table 1. The plate spread results were obtained at dilution levels ranging from 107! to 1072,

Dilution Rate

Number of Bacterial Isolates Collected

10*
10?2
10°
10
10°
10
107
10°®
10°
100
101
1072

e = 2
NRhRBoom~ouswnR|Z

6

1
1

1 =
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Figure 1. lodine Test Results (a) A7 isolate and (b) A8 isolate.

Of the 10 bacterial isolates selected, there are
two isolates that are positive for producing amylase
enzymes, namely bacterial isolates A7 and A8 shown
in Figure 1. The formation of a clear zone around the
bacterial colony indicates that the starch has been
hydrolyzed into simpler compounds (glucose) by
bacterial isolates. Meanwhile, the blackish-blue
medium indicates that the starch has not been

hydrolyzed or called the iodine-amylum complex
[13]. The difference in the diameter of clear zones
such as A7 and A8 depends on the ability of bacteria
to produce the enzyme amylase. This ability (amylolytic
index) can be measured by comparing the diameter of
the clear zone with the diameter of the colony [23].
The magnitude of the amylolytic index in both isolates
can be seen in Table 2.

Table 2. Amylolytic index of amylase-producing bacteria.

Bacterial Clear Zone Diameter Bacterial Colony Amvlolvtic Index
Isolates (mm) Diameter (mm) yloly
A7 7.60 5.65 0.345
A8 14.20 3.45 3.116
2.5
=
S 15
\O
<
= 1.0
Q
OCo05
0.0

0 24 48 72 96 120 144 168 192 216 240
Time (hours)

== A7

Figure 2. Growth curve of amylase-producing bacteria.



204 Siti Nafisa, Eli Hendrik Sanjaya, Suharti,
Mieke Alvionita, Hafiz Clevanota,
Hong Chen and Ayom Kusuma

|

©c o o o b
o M A O 0 - N

Isolation and Characterization of Indigenic
Microbes Producing Amylase Enzyme from
Paper Industry Liquid Waste

o

24 48 72

Amylase Enzyme Activity (U/mL)

96 120 144 168 192 216 240

Time (hours)

- A7

A8

Figure 3. Optimization of incubation time of amylase-producing bacteria.

Based on the results shown in Figure 2, it can
be seen that as time goes on, the production media
becomes more cloudy, which indicates the growth of
bacteria. Figure 2 shows that the exponential phase in
isolate A7 occurs at hours 0 to 144, while in isolation
A8 occurs at hours 0 to 96. In this phase, the two
bacterial isolates increase because bacterial cells
undergo rapid dividing. Furthermore, the bacterial
isolate underwent a stationary phase and a death phase
that occurred at the 216 hours which was shown to
decrease the growth curve. In this phase of death, the
amount of nutrients decreases and is depleted so that
the number of dead cells is more than the living cells.

Incubation Time Optimization

Based on Figure 3, the activity value of A8 bacterial
isolate enzyme was obtained at 0.764 U/mL, showing
a lower result with a difference of 24.88% compared
to A7 isolate of 1.017. The two isolates showed
different optimal conditions for incubation time, A7
occurred at 96 hours while A8 occurred at 24 hours,
because the exponential phase of the A7 growth curve
was slower so that it had a slower optimal incubation
time as well. Despite having different incubation time
conditions, the two isolates showed the highest
amylase enzyme activity in the exponential phase
(Figure 2). This is supported by research conducted
(Oktavia et al., 2018) which also stated that the
optimal incubation time condition occurs in the
exponential phase, so it is the most effective time to
produce high amylase enzyme activity because in this
phase bacterial cells undergo rapid dividing.

pH Optimization

The production pH optimization in this study was
carried out at a temperature of 37°C [25] with the

optimal incubation time obtained in the previous
stage, namely A7 optimum at 96 hours and A8
optimum at 24 hours (Figure 2) and in the range of
3 - 9. Based on Figure 4, the optimum pH obtained
in A7 isolate is at pH 3 with an enzyme activity
of 1.084 U/mL, the optimum pH obtained in this
isolate is close to the sample pH of 3.65. Meanwhile,
A8 isolate is optimal at pH 7 with enzyme activity
of 0.784 U/mL. The result obtained by A7 is
27.68% higher when compared to A8 isolate. If
it is associated with Figure 3, it is known that
the A7 isolate is slower because this isolate does
not work at the optimum pH conditions of the
production medium. At the optimum pH of the
bacterial production medium, the enzyme protein
will form a very precise 3D structure so that the
enzyme can bind and process the substrate at a
high speed.

In the optimum A7 bacterial isolate at pH 3,
this result has not been found in previous studies
for the optimal pH condition of amylase enzyme-
producing bacteria. pH optimization with the lowest
acidic conditions was found at a pH value of 5 in the
study [25] and a pH value of 6 in the study [26]. A7
bacterial isolate is a type of acidophilic bacteria that
grows in the pH range of 1.0-5.5. These bacteria can
survive in environments with acidic pH because they
can excrete protons from the intracellular space to
maintain the cytoplasm until the pH atmosphere of the
environment is close to neutral [27]. The A8 bacterial
isolate is optimal at pH 7 so it is included in the
neutrophil bacteria type. Because this type of bacteria
can live in the pH range of 5.5 to 8.5. The same pH
value was also obtained in the study conducted [7] in
the isolate of Bacillus stratosphericus, other studies
also obtained the same pH value in the species
Bacillus subtilis [28].
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Figure 4. pH optimization of amylase enzyme production media (a) isolate A7 and (b) isolate A8.

Temperature Optimization

Temperature optimization in this study was carried out
at the incubation time and pH that had been obtained
previously. The two isolates have the same optimum
temperature, which is optimal at 37°C with an enzyme
activity value in A7 isolate of 1.084 U/mL and A8
isolate of 0.784 U/mL (Figure 5). The activity value
of the amylase A7 enzyme difference is 27.68%
higher when compared to A8 isolate. These isolates
include mesophilic bacteria in the range of 15°C to
45°C [29] and are a type of bacteria that are often
found because they have an optimal temperature of
their living environment that is not much different
from most living things in general. In the study [30]

it succeeded in obtaining the same temperature
optimization production of 37°C with the Bacillus
megaterium species, the same results were also
obtained in the study [19] with the Bacillus
halotolerant species.

At optimal temperatures, the collision between
enzymes and substrates is very effective, so the
formation of enzyme-substrate complexes is easier
and can increase the resulting product [30]. At 37°C,
the structure of the amylase protein is generally stable
so that the activity of the enzyme can be maintained
for a longer period of time. At a temperature that
is too high, the interaction between molecules
weakens so that the fluidity of the cell increases.
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This can also damage cell metabolism because
there are molecules that should not enter the cell,
and can damage proteins and components that
make up cells due to denaturation. Meanwhile, at

a temperature that is too low from the optimum
temperature, it will cause cell metabolism to slow
down because the chemical reactions and diffusion
that occur in the cell also run slowly [6].
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Figure 5. Optimization of the production temperature of amylase enzymes (a) isolate A7 and (b) isolate A8.

Table 3. Results of enzyme activity, protein concentration and specific activity of amylase enzyme

. A7 A8
Bacterial Isolate
Average Average
Amylase Activity (U/mL) 1.084+0.026 0.784+0.012
ProteinConcentration (mg/mL) 0,993 0,971
Amylase Specific Activities (U/mg) 1.092+0.027 0.805+0.028
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Determination of Specific Amylase Activity

In this study, the results of the optimum A7 isolate
were obtained at the 96 hours incubation time with a
pH value of 3 and a temperature of 37°C, this isolate
produced an amylase enzyme activity of 1,084 U/mL.
while in the optimum A8 isolate at 24 hours with a pH
value of 7 and a temperature of 37°C, this isolate
produces an amylase enzyme activity of 0.784 U/mL.
Based on the results of the enzyme activity obtained,
the protein concentration and specific activity of the
amylase enzyme are obtained in Table 3. A7 bacterial
isolate with a value of 1.092 U/mg had a specific
activity 26.28% higher than A8 bacterial isolate with
a specific activity of 0.805 U/mg. The protein content
obtained can be used to determine the purity level
of the amylase enzyme, namely by calculating the
specific activity of the amylase enzyme. The specific
activity of the enzyme indicates the number of units of
product produced per mg of the enzyme, where the
higher the value, the higher the purity.

The specific activity obtained was much higher
when compared to the study [6], the results of the
specific activity of the three bacterial isolates were
0.108 U/mg, 0.198 and 0.208, respectively, in Bacillus
infantis, Bacillus flexus, and Pseudomonas nitroreducens
isolated from the liquid waste of the sugar industry.
This is caused by different sources of bacteria. The
concentration of the enzyme correlates with the speed
of the reaction, so the amount of product (reducing
sugar) produced correlates with the amount of amylase
enzyme produced, and the high specific activity of the
amylase enzyme indicates that the bacterial isolate can
produce more amylase enzymes.

Identification of Bacteria by Genotype

Genotype sequencing of 16S rRNA in isolates A7 and
A8 was obtained in sizes of 1416 bp and 1415 bp,
respectively. Next, phylogenic analysis was carried
out to determine the similarity with species from other
bacteria in the gene database contained in NCBI using
BLAST. According to Stackebrandt & Goebel (1994),
if the similarity of the 16S rRNA gene has a
"percentage identity"” value above 95%, then the
similarity is at the genus level, and if the "percentage
identity" value is above 97.5%, the similarity is at
the species level [31]. So it is known (Figure 6) that
AT bacterial isolate belongs to the genus Metabacillus

Isolation and Characterization of Indigenic
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Paper Industry Liquid Waste

closely related to Metabacillus niabensis strain OAB2
with a percentage identity (similarity) of 100%, while
A8 isolate belongs to the genus Fictibacillus and is
closely related to Fictibacillus nanhaiensis strain
FJAT-29172 has a 99.79% similarity. It can be
concluded from the statement of Stackebrandt &
Goebel (1994), the two bacterial isolates both A7 and
A8 have a similarity level at the species level with
a value above 97.5% [31]. The results obtained are
in line with previous research conducted by [6],
reporting that the amylase-producing bacterial isolates
obtained have a percentage similarity with Bacillus
infantis, Bacillus flexus, and Pseudomonas nitroreducens
bacteria of 99.8%, 99.9%, and 99.7%, respectively.

AT isolate, which has similarities to Metabacillus
niabensis, is Gram-positive and bar-shaped [32]. The
same characteristics are also shared by A8 isolate
which bears a resemblance to Fictibacillus nahaiensis.
The optimum pH condition of Metabacillus niabensis
bacteria including acidophilic bacteria is optimal at
acidic pH, while previous studies [33] on the same
species showed optimum at pH 7 (neutrophil bacteria),
and in the same genus as Metabacillus sediminilitoris
also reported optimum at neutral pH [34]. However,
not all genera of Metabacillus have an optimal neutral
pH. While some species can thrive in a neutral pH
environment, others can survive in a variety of pH
conditions. For example, Metabacillus dongyingensis,
a plant growth-promoting bacterium, is isolated from
alkaline salt-containing soils and can tolerate high
salt concentrations [35]. This suggests that some
Metabacillus species can adapt to environments with
varying pH levels. So that the difference in the optimal
pH of Metabacillus niabensis obtained in this study is
because different bacterial sources can show different
bacterial optimum conditions as well.

Isolate A7 which is Metabacillus niabensis
and isolate A8 which is Fictibacillus nanhaiensis,
both show bacteria that have amylase enzyme activity.
However, until now there has been no other study
that has done the same stating that the bacteria
Metabacillus niabensis and Fictibacillus nanhaiensis
have amylae enzyme activity. Several previous
studies have shown that the genus Bacillus is an
amylase-producing bacterium such as Bacillus
tequilensis [36], Bacillus licheniformis [37], Bacillus
atrophaeus [9], Bacillus stratosphericus [7], Bacillus
halotolerans [19].
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Figure 6. Phylogenic dendrograms (a) isolate A7 and (b) isolate A8.

CONCLUSION

This study identified two bacterial isolates producing
amylase enzymes: A7 and A8. Isolate A7 showed
optimal enzyme activity (1.084+0.026 U/mL) at 96
hours of incubation, while A8 reached its peak activity
(0.784+0.012 U/mL) at 24 hours. A7 was most active

at pH 3 and 37°C, with a specific activity of 1.092+
0.027 U/mg. In contrast, A8 was optimal at pH 7 and
37°C, with a specific activity of 0.805+0.028 U/mg.
Genotype identification using 16S rRNA revealed
that isolate A7 had 100% similarity to Metabacillus
niabensis, and isolate A8 had 99.79% similarity to
Fictibacillus nanhaiensis.
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