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Abstract
Pyrostegia venusta is known as an ornamental plant with its source of antioxidants, cytotoxic, antiinflammatory, and anti-HIV compounds. Ephypitic molds are potentially co-existed on the surface of
this flower since it contains essential nutrients which support their growth. On the other hand, molds
produce several enzymes that might involve flower growth. The presence of ephypitic molds on this
flower provides information about its ability to produce amylase. This study successfully isolated
molds from August flower (P. venusta) originating from Taman Nasional Bedugul, Bali, Indonesia. The
study aimed to isolate potential amylase producer strains and optimize the enzyme production using
Solid-State Fermentation (SSF) method. Ten mold isolates belonging to Universitas Negeri Jakarta
Culture Collection (UNJCC) were selected according to their amylolytic index (IA) values, morphological
identification, and colony count number. Selected strains were optimized for its growth to produce
amylase using the SSF method under different temperatures (30, 40, 50°C) and pH (6, 7, 8) with a
wheat brain fermentation medium. Results showed that UNJCC F100 (6.53 × 108 CFU/ml) and UNJCC
F106 (9.83 x 108 CFU/ml) are the two isolates with the highest IA values of 1.34 ± 0.1 and 1.08 ± 0.12
among all isolates. Based on molecular identification using ITS region, UNJCC F100 and UNJCC F106
were identified as A. subflavus (97% homology) and A. fumigatus (99.52% homology), respectively. This
study exhibited that both isolate UNJCC F100 and isolate UNJCC F106 have optimal amylase production
conditions at 30°C and pH 6. The enzyme produced was 19.99 U/ml at 30°C and 34.33 U/ml at pH 6 for
isolate UNJCC F100, and for isolate UNJCC F106 is 28.55±3.80 U/ml. The two isolates are potentially
used for amylase production, referring to the specific environmental condition. However, to generate
a higher amount with amylase activity, other external variables such as medium used, inoculum
concentration, and fermentation method are important to consider further for a larger application.
Keywords: Amylase, Molds, Pyrostegia venusta, Taman Nasional Bedugul, Solid-State Fermentation (SSF)

INTRODUCTION

amylases are called amylolytic molds.9,10 Several
studies have obtained amylolytic fungi, including
Aspergillus, Penicillium, Mucor, Rhizopus,
Streptomyces, Curvularia, Hansfordia, Biporali,
Rhizomucor, Rhizoctonia, Schizophyllum, Chalara,
Thermoactinomyces, Thermomucorus, Curcularia,
Hansfordia, Biporali, Rhizomucor, Rhizoctonia,
Schizophyllum, Chalara. Nodilusporium.11
Molds can be associated with plants,
animals, and other microorganisms. Several studies
have successfully found various types of mold from
various substrates such as animal feed,10 orange
leaves (Citrus nobilis),12 and apples. Amylolytic
molds are generally spread on substrates that
contain carbohydrates. August flower (P. venusta
(Ker Gawl.) Miers) is a dicotyledonous plant
belonging to the group of Bignoniaceae,13 which
is widely distributed in tropical and subtropical
regions. In addition, the use of these flowers of
their active compounds is also extensive. Many
research on the botanical, pharmalogical and
phytochemical characteristics of August flower (P.
venusta) plant have been carried out.1 There are
simple carbohydrate contents in the flower section
of plants, such as galactose, glucose, fructose,

Starch serves as a carbon and energy
source in the metabolic process of flower
growth and development.1,2 Instead of a natural
phenomenon, starch hydrolysis can be carried
out by amylolytic enzymes. Amylases are a group
of enzymes that can hydrolyze starch by breaking
the glycoside bonds into simple sugars3 Amylases
are significant in biotechnological applications,
including food, fermentation, detergent,
pharmaceutical, brewing and textile, and paper
industries,4 According to,5 this enzyme has been
used massively in many industrial applications and
contributes around 30% of the total world enzyme
production. Amylases can be obtained from plants,
animals, and microorganisms. Nowadays, for
industrial production, several types of enzymes can
be produced by microorganisms such as amylase,
pectinase, phytase, and xylanase.6-8 However,
amylase production by molds is considered
more effective in terms of cost, consistency,
time, and space needed for production, as well
as optimization in the production process. 5
Molds that have the potential ability to produce
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sucrose, melibiosa.2,14 Carbohydrate content on the
flower surface allows the presence of amylolytic
molds that might involve co-metabolisms with the
hosts.
Increasing the activity of amylase
production from the mold can be done with
optimization techniques. Optimization is done
by regulating the environmental conditions
of microorganism growth so that the amylase
produced can be applied on an industrial scale.15
Growth conditions such as pH and temperature
of the medium can affect the amylase activity.11
In this study, molecular identification of molds
isolated from August flower (P. venusta) were
performed, followed by culture-dependent
analysis. The isolates were then tested for their
ability to produce amylases and obtained the
optimal temperature and pH of growth using the
Solid State Fermentation (SSF) method.

pieces until it reaches a weight of 1 g of each
flower. The flower chunks were washed in 30 ml
saline solution, followed by a vortex at 200 rpm for
1 hour. Each piece of flower petals was added with
0.05% tetracycline (after sterilization) and 0.1 ml of
suspension was inoculated into the PDA medium
with three replications and incubated for 72 hours
at 27°C. After cultivation, all single colonies were
picked up and placed into new plates to create
colony libraries. The cultures from this study were
deposited in Universitas Negeri Jakarta Culture
Collection (UNJCC), Department of Biology, Faculty
of Mathematics and Natural Sciences, Universitas
Negeri Jakarta, Indonesia.
Culture-dependent Analysis and Molecular
Identification
Culture-dependent analysis was
performed by morphological identification
after growing the isolates on a PDA medium
for seven days.10 Macroscopic characteristics,
including colony surface, texture, zoning, colony
reverse color, and exudate drops, were observed.
Microscopic characteristics such as conidial head
shape, vesicle shape, hyphae bulkhead, and spore
form16 were also recorded.
Two representatives of mold isolates
were selected for molecular identification based
on initial screening test values of amylolytic
indexes. Mold isolates were grown on Potato
Dextrose Broth (PDB) medium for three days
and then put into a shaker at 200 rpm until
a mycelium pellet was produced. For DNA
extraction, two loopful of cells were added to a 1

MATERIALS AND METHODS
Sampling
Ten stalks of August flower Pyrostegia
Venusta (Ker Gawl.) Miers (Figure 1) were
collected from Taman Nasional Bedugul, Taman
Nasional Bedugul, Bedugul, Candikuning Village,
Baturiti District, Tabanan Regency, Bali, Indonesia
(8°07'42.9"S 114°28'28.6"E).
Mold Isolation
Mold isolation was carried out by direct
method according to10 using Potato Dextrose Agar
(PDA) media. The flower sample is cut into small

Figure 1. August flower (P. venusta) collected from Taman Nasional Bali Barat, Indonesia.
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ml Eppendorf tube. The DNA was extracted using
the Genomic DNA Mini Kit Plant (Geneaid Lot.
No. FC24112). PCR was performed under Go Taq
Green Master Mix (Promega) protocol to amplify
the ITS region of ribosomal DNA using primers
ITS4 (5'-TCCTCCGCTTATTGATATGC-3') and ITS5
(5'-GGAAGTAAAAGTCGTAACAAGG-3'). The total
reactions were 25 μL which contains 0.5 μL of each
primer ITS4 and ITS5 (conc. 10 pmol), 3 μL of 100
ng DNA templates, GoTaq master mix 12.5 μL, and
nuclease-free water 8.5 μL. PCR condition was set
as follows: post denaturation 95°C for 2 minutes;
denaturation 95°C for 30 seconds; annealing 58oC
for 30 seconds; elongation 72°C for 1 minute; and
72°C for 10 minutes.17 The nucleotide sequences
of ITS regions were determined using the First
Base service. Sequence analysis was performed
using the Basic Local Algorithm Search Tools
(BLAST) program. Sequences of the ITS regions
were manually edited and assembled using MEGA
version 4 software.18 The distance matrix for the
aligned sequences was calculated using Kimura's
two-parameter method. The neighbor-joining (NJ)
method was used to construct all phylogenetic
trees. The robustness for individual branches was
estimated by bootstrapping with 1000 replicates.

added 0.55 ml 0.1 M citric acid) as a solvent used
for distilled water. Subsequently, the media was
sterilized by autoclave at 121°C for 15 minutes.
After sterilization, the media was cooled and
inoculated with a 7-day-old mold suspension of
500 µL. Crude enzyme extraction was carried out
after 5-days fermentation based on9,20 at different
temperatures (30, 40, 50°C). A total volume of
50 ml cold sterile distilled water containing 0.1%
tween 80 was added to the fermented media. The
mixture is then put into a shaker for 60 minutes
at 200 rpm. The mixture was then filtered using
two muslin clothes, followed by filtration using
Whatman No.1. The filtrate was then centrifuged
at 8000 rpm at 4°C for 15 minutes. The remaining
filtrate was then used for further analyses of
amylase activity.
Amylase Enzyme Assay using DNSA Method
Estimating amylase activity was carried
out according to the DNSA (3,5-dinitro salicylic
acid) method and using starch as a substrate based
on.21 0.5 ml of 1% (w/v) starch was incubated
with 0.5 ml of the enzyme extract and 0.05M
citrate buffer (pH 4.8). The reaction mixture was
incubated at 50°C for 5 min. The reaction was
stopped by adding 2ml of DNS and kept in a boiling
water bath for 15 minutes. Furthermore, 6 ml
of sterile distilled water is added to the sample.
The absorbance was read at 540 nm using a
Spectrophotometer (Shimadzu, Thermoelectric
cell holder, S-1700) to measure the enzyme
activity. One unit of enzyme activity is defined as
the amount of enzyme which releases 1μmole of
reducing sugar as glucose per minute under the
assay conditions (U/ml/min). The experiments
were carried out in triplicates, and standard error
was calculated. The calculation of enzyme activity
can be done using the following formula21:

Amylase Production and Optimization using
Solid-State Fermentation (SSF) Method
Amylase production is carried out based
on19 with four steps: formulation of wheat brain
fermentation media; formulation of Mcilvein
buffer with the addition of nutrients; inoculation
of inoculum; incubation and enzyme extraction.
Optimization of amylase activity was carried out
by Solid-State Fermentation (SSF) with different
pH conditions (6, 7, and 8) and temperatures (30,
40, 50°C).
In 250 ml of Erlenmeyer, 3 ml of Mcilvein
buffer solution with nutrients (1% starch, 1%
peptone, 0.2% MgSO4, 0.02% CaCl2) was added
into 5 g of wheat brain until got moistened 60%.
The Mcllvein buffer was prepared based on
Mcilvein (1921) by mixing 0.2 M Na2HPO4 stock
solution (3.56g /100ml) and 0.1 M citric acid
(0.64/100 ml) until reaching the desired pH 6.0
(12.63 ml 0.2 M Na2HPO4 added 7.37 ml 0.1 M citric
acid), pH 7 (16.47 ml 0.2 M Na2HPO4 added 3.53 ml
0.1 M citric acid), pH 8 (19.45 ml 0.2 M Na2HPO4
Journal of Pure and Applied Microbiology

EA= [Glucose] × 1000 × [Df]
Mw Glucose × V × t
Note:
EA = Enzyme Activity (U/ml)
[Glucose] = Glucose concentration produced by
starch hydrolysis
Df = Dilution factor
Mw Glucose = Molecular weight of Glucose (Mw
= 180)
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isolates, UNJCC F100 and UNJCC F106, have the
highest IA values compared to 8 other isolates.
IA values of UNJCC F100 and UNJCC F106 isolates
were 1.34±0.10 and 1.08±0.12, respectively
(Table 1). Other isolates ranged from 0.67±0.20
to 0.14±0.01 with the lowest IA value is UNJCC
F98. Further to the analysis, the difference values
between the isolates were analyzed using oneway ANOVA. The results showed differences in
the amylolytic index in each mold isolate is Sig.

t = Incubation time (15 min)
V = Volume of enzyme (0,5 ml)
RESULTS
Fungal Isolation and Qualitative Screening of
Amylolytic Molds
A total of 130 isolates were obtained
from P. venusta fruit samples using the washing
and direct method. Isolation was carried out
using PDA medium. The inoculated plates were
incubated at 30°C for 72-hour. In this study,
isolation using the direct method resulted in more
molds obtained than using the washing method.
Based on morphological characteristics, 10 isolates
of ephyphitic molds were selected for further
analysis.

Table 1. Amylolytic index value of molds from August
flower on YPSA medium, incubation temperature of
30°C for 72 hours

Qualitative Screening of Amylolytic Molds
Based on the amylolytic index, 10 mold
isolates were obtained. The isolates were then
observed by the presence of a clear zone around
the mold colonies. Amylolytic qualitative screening
results showed that all mold isolates (UNJCC F100,
UNJCC F106, UNJCC F101, UNJCC F97, UNJCC F103,
UNJCC F104, UNJCC F105, UNJCC F99, UNJCC
F102, and UNJCC F98) produced clear zones after
staining with 0.1% Lugol iodine solution (Figure 2).
Based on the amylolytic index values, two mold

Isolate codes

Amylolitic Index (AI)
(Mean ± SE)

UNJCC F100
UNJCC F106
UNJCC F101
UNJCC F97
UNJCC F103
UNJCC F104
UNJCC F105
UNJCC F99
UNJCC F102
UNJCC F98

1.34e ± 0.10
1.08d ± 0.12
0.67c ± 0.20
0.59c ± 0.01
0.35b ± 0.01
0.31ab ± 0.05
0.30ab ± 0.01
0.19ab ± 0.10
0.18ab± 0.02
0.14a ± 0.01

Notes: Duncan Multiple Range Test (DMRT) shows that
the number followed by the same letter is not significantly
different at α = 0.05.

Figure 2. Screening of mold isolates based on amylolytic index by the well method. (A) Negative control; (B) UNJCC
F100; and (C) UNJCC F106. On the YPSA medium, incubated at 30°C for 72 hours.
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0.00 <α (0.05). This shows that all mold isolates
have significantly different amylolytic index values,
which continues to perform the Duncan Multiple
Range Test (DMRT) to classify fungi based on the
value of the amylolytic index.
Amylolytic index values of UNJCC F100
and UNJCC F106 mold isolates have moderate
enzymatic reactions. The extracellular enzyme
ratio value of UNJCC F100 and UNJCC F106 mold
isolates is less than 2 but more than 1. In contrast,
the amylolytic index values of isolates UNJCC
F97, UNJCC F98, UNJCC F99, UNJCC F101, UNJCC

F102, UNJCC F103, UNJCC F104, and UNJCC F10
have weak enzymatic reactions. The extracellular
enzyme ratio values of UNJCC F97 isolates, UNJCC
F98, UNJCC F99, UNJCC F101, UNJCC F102, UNJCC
F103, UNJCC F104, and UNJCC F105 are equal to
or less than 1.
Culture-dependent Analysis and Molecular
Identification
Isolates of UNJCC F100 and UNJCC
F106 were identified by molecular approach to
understand their phylogeny. ITS amplification

Figure 3. Phylogenetic tree based on ITS rDNA region. Neighbor-joining method integrating Kimura-2distance was
used. Data are bootstrap values issued from 1000 repetitions
Journal of Pure and Applied Microbiology
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Colony Measurements of the Two Potential
Amylolytic Molds
The calculation results of the average
colony density of mold colonies at the age of seven
days showed that the A. subflavus UNJCC F100 has
6.53 × 108 CFU/ml while the A. fumigatus UNJCC
F106 has of 9.83 × 108 CFU/ml (Table 3), showing
that the isolates were all having high density of
cells (Table 2).

using ITS 4 and ITS 5 primers generated nucleotide
base sequences of 635 bp and 622 bp in length for
UNJCC F100 and UNJCC F106, respectively. The
area of ITS has a nucleotide base length ranging
from 380-900 bp. The ITS sequences of UNJCC
F100 and UNJCC F106 were then compared with
the sequence of nucleotide bases stored in the
National Center for Biotechnology Information
(NCBI) using the Basic Local Alignment Search
Tool (BLAST) program to determine species closely
related to UNJCC F100 and UNJCC F106 (Figure 3).
In addition, the BLAST results of the ITS sequence
of UNJCC F100 indicated one clade with type
strain. This sequence belongs to the Aspergillus
fumigatus ATCC 1022 with a 70% bootstrap value.
Therefore, strain UNJCC F106 is located at the
same clade with Aspergillus subflavus CBS 143683
with the bootstrap value of 75% (Figure 3).

Amylase Production and Optimization using
Solid-State Fermentation (SSF)
Overall, the data showed that amylase
activity produced by both isolates at all
temperatures decreased when the pH was higher
(more alkaline condition). At 30°C the activity
was higher than at any other temperature, and
a significant decrease was shown when the pH

Table 2. Colony measurement of two isolates (cultivation on PDA medium, at 30°C for 48 hours)
Isolate Codes

Dilution 		
Factor
		
1

A. subflavus
UNJCC F100
A. fumigatus
UNJCC F106

10-6
10-7
10-6
10-7

59
12
92
12

Colony numbers		
2

3

Average

76
14
116
17

61
10
83
16

65.3
12
98.3
15

AKK CFU/ml

6.53 x 108
9.83 x 108

Figure 4. The influence of temperature and pH on enzyme activity from Agustus flower’s mold. Incubation on the
wheat bran fermentation media for 5 days.
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condition was higher. Based on the optimization
of enzyme activity results, A. subflavus UNJCC
F100 and A. fumigatus UNJCC F106 molds have
an optimum condition for amylase enzyme activity
at 30°C and pH 6 (Figure 4). Under this optimum
condition, the enzyme activity values of the two
molds reached the highest values of 41.30 U/ml
and 28.55 U/ml, respectively (Figure 4).

beta glucosidase, antimicrobial, hepatoprotective,
antipruritic, spasmolytic activity, antiangiogenic,
anti-allergic, antiviral and immunomodulatory
activities available on the aerial and flower parts
of the plant.24
Research on epiphytic fungi on flowers
has not been widely obtained. However, there
have been several studies on epiphytic mold.
Epiphytic microfungi in living tissue, such as young
leaves, generally play a role in protection and antimicrobial activity for the host organism. Based on
a review by25 Pyrostegia venusta has significant
pharmacological potential and promising activities,
especially in tropical diseases, skin problems, and
respiratory diseases. It may serve as a vital natural
bioactive medicinal source and promote a high
interest in further studies.
The presence of 130 isolates from P.
venusta in this study has been a proven that
microorganisms did exist on the surface of flower.
Pyrostegia venusta (Ker.) (Miers). Bign with an
orange flower are characterized by a wide floral
tube, and it contains a higher sucrose content
and a higher amino acid compared to the yellow
ones.3,25 The sugar content (consisting of sucrose,
glucose and fructose) of nectar from Pyrostegia

DISCUSSION
Indonesia is a tropical country with high
biodiversity resources, including microorganisms.22
Indonesia has a variety of fungal and mold
organisms, about 180.000-240.000 species
(6-8% of the total 1.5 million species estimated)
which are widely distributed in various types of
sources such as soil, air, comestibles,22 plants,12
and fruits.23 Pyrostegia venusta (Ker.) (Miers).
Bign, is a dicotyledon belonging to the group
of Bignoniaceae.13 As it contains oleanolic acid
compounds, Pyrostegia venusta (Ker.) (Miers). Bign.
is often used as a chemical ingredient in traditional
herb medicines in Brazil which are very important
as cytotoxic, anti-consumer, antioxidant, antiinflammatory, anti-HIV, acetylcholinesterase, alfa-

Table 3. Effect of temperature and pH on the amylase activity (U/ml) of A. subflavus UNJCC F100, incubation on
the fermentation media of wheat bran for 5 days
Isolates		

A. subflavus
UNJCC F100

Temperature (°C)			

pH

30

40

50

6

7

8

19.99±5.43b

16.34±4.45a

13.28±3.83a

34.33±2.62b

7.93±1.47a

7.34±1.80a

Note: The enzyme activity value followed by the same number is not significantly different in the temperature factor with α =
0.05 Duncan Multiple Range Test (DMRT).

Table 4. Amylase activity value (U/ml) of A. fumigatus UNJCC F106 (Incubation on the wheat husk fermentation
media, 5 days).
Isolate

Temp. (°C)		

		
A. fumigatus
UNJCC F106

30
40
50

pH

6

7

8

28.55±3.80d
10.37±0.57ab
5.69±1.73ab

19.57±2.67c
8.71±1.20ab
3.98±0.49a

12.19±3.90b
5.67±1.01ab
3.22±0.66a

Note: The value of enzyme activity followed by the same letter is not significantly different in the temperature factor with α =
0.05 Duncan Multiple Range Test (DMRT).
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venusta flower was 22%, making it a good carbon
source for molds to grow. Fungi can also be found
on the surface of orange phylloplane.12
As a result of the amylase assay, 11 mold
isolates have been confirmed to produce amylase,
promising to be scaled up on an industrial scale.
The use of the method allows the diffusion well
because this method is an effective method to
see the clear zone formed. The method for well
diffusion is based on the ability of mold isolates
to hydrolyze compounds in a medium after the
iodine reagent has been dropped and produce a
clear zone around the well testing.
I n t h i s re s e a rc h , sta rc h w i t h a
concentration of 1% is used as the substrate
because molds require the presence of starch as
the source of energy for metabolic activity. It is
found that the highest amylase enzyme activity
is at 1% starch concentration.26 The addition of
starch 2.5% and 5% showed a low rate of mold
growth and lower amylase enzyme activity.
This is due to the limitation of amylase enzyme
produced by molds and is possibly caused by a
feedback inhibition where the enzyme is used as
an input to control the behavior of the process
itself, frequently limiting the production of more
enzymes.
The use of 1% yeast extract is intended
as a source of nitrogen for mold to increase
the growth rate and amylase enzyme activity.
According to27 the highest enzyme activity was
found in the addition of nitrogen in the form of
1% yeast extract. There are yeast cells, minerals,
vitamins, coenzymes, and nitrogen components in
the yeast extract that can support mold growth and
enzyme production. The addition of MgSO4.7H2O
and CaCl2.7H2O to the growth medium aimed to
increase the amylase enzyme activity.
The test results showed that 10 amylolytic
molds could grow well on YPSA selective media.
The clear zone produced indicated that the mold
can produce amylase. According to,28 clear zones
are formed because the amylase enzyme has
hydrolyzed starch. Active hydrolysis of starch by
the amylase enzyme will cause the starch-iodine
complex to decompose to form a clear zone. The
iodine-starch reaction is caused by the presence of
the amylose and iodine helices in forming I3- which
fills the helix core.15 The absence of a clear zone is
caused by starch is not hydrolyzed by the amylase
Journal of Pure and Applied Microbiology

enzyme so that the starch reacts with iodine and
forms a deep blue color.12
The two isolates (UNJCC F100 and UNJCC
F106) have the highest IA values compared to 8
other isolates. The difference in the amylolytic
index value of each isolate is due to having different
abilities in producing the amylase enzyme,
according to the environmental conditions. Types
and characteristics of molds can also affect the
production of amylase enzymes. This is in line with
the characteristics of each UNJCC mold isolate
from August flowers (P. venusta).
Molecular identification of the two
isolates based on the ITS region is commonly
used to determine the closely related species.
The ITS region has a high sequential variability
that can be used to identify up to species level,29
and can identify molds to species level.30 Based
on the phylogenetic analysis of the two isolates,
it is shown that the isolate UNJCC F100 is in one
monophyletic clade with A. subflavus NR160622
and isolate UNJCC F106 is located in the same
clade with A. fumigatus NR121481. The length
of the branches in the clade is not significantly
different, indicating that there was no genetic
change between the isolates. Branch length
describes the number of base substitutions that
can be in the form of DNA polymorphisms.31 This
result is also supported by the UNJCC F100 isolate
bootstrap against A. subflavus 143683, which has a
high bootstrap value of 75%, and the UNJCC F106
isolate against A. fumigatus ATCC 1022 has a high
bootstrap value of 70%. Bootstrap values between
70-100% indicate a high confidence level in the
phylogeny tree topology formed.32 Talaromyces
flavus and Talaromyces bacillisporus were used
as outgroups during the reconstruction of the
phylogenetic tree.33 Outgroup selection is often
chosen randomly or based on clear relationships
between ingroup and outgroup. Outgroups are
taxa that have a close kinship with the species to
be studied but are not part of the group.34
To optimize amylase production,
the process is carried out using a Solid-State
Fermentation (SSF) method based on.19 The use
of Solid-State Fermentation (SSF) method has
advantages in high productivity, low cost, and
sufficient technology.35 The SSF was run using
solid media containing wheat husk in this study.
In several studies, wheat bran is used as the best
1977
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substrate in the amylase enzyme fermentation
process to increase the activity of the amylase
enzyme.36,37 According to,38 the content of wheat
bran consists of 60 - 75% carbohydrates, 9.6 - 18.6
protein, 9.1 - 38.9% starch, and 33.4 - 63% starch
which is suitable for mold to grow.
Moisture medium is also essential
in enzyme production using the SSF method.
Humidity will affect the gas exchange process in
the medium. According to39 too low humidity will
cause negative microbial growth and decreased
levels of nutrient acquisition, while high humidity
in the medium will cause the gas phase to
decrease and gas exchange to be inhibited so
that the substrate conditions become anaerobic.
Aspergillus group reached the highest enzyme
activity in medium humidity around 60%.36,37,40
Research conducted by 19,37 showed that the
highest enzyme activity was obtained when
using 10% of inoculum for the cultivation of A.
flavus, Trichothecium roseum, and Thermomyces
lanuginosus.
Amylase activity was measured using the
DNS method to determine reducing sugar levels
using dinitrosalicylate reagent. If there is reducing
sugar in the sample, the DNS solution which is
initially yellow, will react with the reducing sugar
giving rise to a reddish-orange color. DNS is an
aromatic compound that can react (redox) with
reducing sugars in aldehyde groups to carboxyl
groups to form 3-amino-5-nitrosalicylic acid.41
Optimization of amylase production by
A. subflavus UNJCC F100 resulted in the optimal
condition at 30°C of 19.99 U/ml and at pH 6 of
34.33 U/ml. The lowest enzyme activity value of
A. subflavus UNJCC F100 was at a temperature
of 50oC which is 13.28 U/ml and at pH 8 of 7.38
U/ml.27,37 stated that A. flavus has the optimum
fermentation conditions for amylase enzyme
activity at 30°C and pH 6 (680 - 685 U/mL).
Enzyme activity values were analyzed
using two-way ANOVA to see the difference
between temperature, pH, and their interaction
with the enzyme activity value in the A. subflavus
UNJCC F100. The results of univariate two-way
ANOVA analysis (Table 3) showed significant
differences in enzyme activity on temperature
and pH factors, namely the Sig. 0.00 <a (0.05).
However, there was no significant difference
in enzyme activity in the interaction factors
Journal of Pure and Applied Microbiology

of temperature and pH (Sig. 0.110> a (0.05)).
This shows that the A. subflavus UNJCC F100 is
influenced by a single factor without considering
the interaction between the two factors.
The results of the optimization of amylase
enzyme activity in A. fumigatus UNJCC F106
obtained the highest value of enzyme activity at a
temperature of 30°C and pH 6 of 28.55 U/ml and
has the lowest activity value at a temperature of
50°C and pH 8 of 3.22 U/ml (Table 4). According
to, 42 the optimum growth conditions of A.
fumigatus for amylase activity is at 30°C and pH
6. According to,24,43 the optimum temperature for
A. fumigatus growth and amylase enzyme activity
lies between 35°C - 37°C.
The enzyme activity value was then
analyzed using univariate two-way ANOVA to see
the difference between the temperature and pH
of the fermentation. The results of univariate twoway ANOVA analysis (Table 4) showed significant
differences in enzyme activity in the temperature,
pH, and interaction of both factors with the Sig.
0.00 <α (0.05). This shows that the amylase
produced by A. fumigatus UNJCC F106 can be
influenced by a single factor, and the interaction
between environmental conditions should be
considered.
Temperature and pH conditions outside
the optimum conditions will cause a decrease in
the value of the amylase enzyme activity. This is
because the temperature in the SSF fermentation
process will affect the growth rate of biomass and
enzyme production. The effective temperature to
increase growth and enzyme production depends
on the type of mold.44 Temperature 25-37°C is the
optimum incubation temperature for the activity
of amylase enzymes from mesophilic molds.37
Meanwhile, A. fumigatus is a thermophilic with
a growth temperature of 12-55°C. A decrease in
enzyme yields at lower or higher temperatures
is caused by reduced metabolic activity and
disruption of fungal cell membranes.27 An increase
in temperature can also cause a denatured enzyme
that will change the structure of the enzyme so
that the amount of substrate that can be bound
by the active side of the enzyme is reduced, and
the enzyme activity will definitely decrease.
In addition to physical parameters, the pH
of growth media is also crucial in morphological
changes in microbes and enzyme secretion.45,46
1978
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Microorganisms are sensitive to the concentration
of hydrogen ions present in the medium; pH is
considered an important factor in determining
growth, morphology, and product formation.
Most molds can grow well at a wide pH, for
instance, in the pH range of 3.0-8.5, and have an
optimum pH of 5.0-7.0.46,47 Therefore, pH of the
substrate is crucial for the growth of fungi because
certain enzymes will only break down a substrate
according to its activity at a certain pH level.

would like to thank to Laboratory of Microbiology
and Universitas Negeri Jakarta Culture Collection
(UNJCC) for the facilities provided to run this study.
Conflict of Interest
The authors declare that there is no
conflict of interest.
AUTHORS' CONTRIBUTION
DS conceptualized the study. SR
implemented methodology and collected
resources. DS, DD, NF and NIR performed data
analysis. NF investigated the study. HAE facilitated
the study. DD and NF performed the experiments.
DS supervised the study. DS, DD, NF, NIR and DJD
wrote the original draft. DJD formatted the article.
DS, DJD and HAE reviewed and edited the article.
SR, DJD and HAE performed final proofreading. All
authors read and approved the final manuscript
for publication.

CONCLUSION
Amylase production in solid-state
fermentation by molds isolated from August flower
(Pyrostegia Venusta (Ker.) (Miers). Bign) has been
confirmed. 10 mold isolates have the potential
ability to produce amylase which is promising to
be used as amylase resources for industrial needs.
The two isolates of UNJCC F100 and UNJCC F106
have the highest IA values of 1.34 ± 0.1 and 1.08 ±
0.12, respectively. Based on phylogenetic analysis,
isolate UNJCC F100 was identified as A. subflavus,
while isolate UNJCC F106 was identified as A.
fumigatus which are known to be ideally used
as the source of active compounds. This study
exhibited that both isolate UNJCC F100 and isolate
UNJCC F106 have an optimal amylase production
condition at 30°C and pH 6. The two isolates are
potentially used for amylase production, referring
to the specific environmental condition. However,
to generate a higher amount with higher amylase
activity, other external variables such as medium
used, inoculum concentration, and fermentation
method are important to consider further for a
larger application. Liquid fermentation might result
a higher activity and yield of amylase in aerobic
conditions.
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