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ABSTRACT

Cellulase (EC 3.2.1.4) is an enzyme capable of degrading cellulose into
glucose, cellobiose, and cellooligosaccharides. Cellulase enzymes can
be produced by cellulolytic fungi originating from various environments,
including the Avicennia marina mangrove ecosystem. However, most
previous studies have primarily focused on the isolation and screening
of cellulolytic fungi without systematically evaluating the influence of
carbon sources on cellulase production and activity. Furthermore,
research integrating enzyme activity assays with molecular identification
of fungal isolates from mangrove litter remains limited. Therefore, this
study aims to isolate cellulolytic fungi from mangrove litter capable of
producing cellulase enzymes, test the influence of various carbon sources
on enzyme activity, and identify fungal isolates using the Internal
Transcribed Spacer (ITS) housekeeping gene. We used the spread plate
technique to isolate cultivable fungi. The cellulolytic activity of the fungal
isolates was tested qualitatively using Congo red staining and analyzed
quantitatively using the 3,5-dinitrosalicylate (DNS) method with various
carbon sources, such as 1 percent Carboxymethyl Cellulose (CMC),
1 percent cellobiose, Potato Dextrose Broth (PDB), and a combination
of 5 percent CMC and 5 percent cellobiose. Enzyme activity assays were
performed using a spectrophotometer at a wavelength of 580 nm. This
study obtained 10 purified and cultivable fungal isolates from three
samples collected from two sampling sites. Screening for cellulolytic
fungi identified two isolates capable of forming clear zones around
their colonies: isolates C3.3 and A3.3. Quantitative cellulase activity
assays indicated that the optimal carbon source for cellulase production
was a combination of 5 percent CMC and 5 percent cellobiose for
isolate A3.3, with peak activity occurring on day 3 at 46,736.19 U/mL
and a pH of 6.11. Molecular identification results showed that isolate
C3.3 had 100 percent similarity to Aspergillus aculeatus, while isolate
A3.3 had 99 percent similarity to Penicillium javanicum.
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INTRODUCTION

Mangrove forests are abundant coastal
ecosystems in tropical regions, including along
the coast of Java, and play a vital role as
habitats for various microorganisms that have
the potential to produce high-value enzymes
and biomolecules (Subagiyo et al., 2017). One
of the dominant mangrove species is
Avicennia marina, a member of the Verbe-
naceae family, which is widely distributed in
tropical and subtropical regions. This species
has a high adaptability to extreme environ-
mental conditions such as high salinity,
anaerobic soils, elevated temperatures, and
strong wind exposure (Cerry et al., 2022). In
Mangkang Wetan area of Semarang, Central
Java, A. marina acts as a pioneer species in
the formation of mangrove forest communities
(Suryani et al., 2018). The coastal area of
Mangkang Wetan is a vast, integrated
mangrove forest ecosystem that serves as a
center for conservation, education, and
economic development for local residents.
This area is a vital part of the Semarang
Mangrove Center (SMC) in Central Java.

Mangrove ecosystem productivity is strongly
influenced by litter decomposition processes,
which serve as the primary source of organic
matter. Mangrove litter, consisting of
mangrove leaves, twigs, flowers, and fruits,
is decomposed through the activity of soil
microorganisms, particularly fungi and
bacteria (Yulma et al., 2017). Furthermore, the
main component of the mangrove litter, for

example cellulose, can be degraded by
cellulolytic fungi, thereby playing an important
role in accelerating nutrient cycling. Several
fungal genera, such as Penicillium, Aspergillus,
Fusarium, Myrothecium, Chaetomium, and
Trichoderma, have been reported as cellulase
producing organisms (Lubis et al., 2022). The
production of enzymes by these micro-
organisms is highly influenced by environ-
mental conditions and the availability of
substrates that act as metabolic inducers
(Subagiyo et al., 2017)

Cellulase is an enzyme capable of degrading
cellulose into its main product, including
glucose, cellobiose, and cello-oligosaccha-
rides. The cellulase enzyme system consists
of endo-1,4--glucanase, exso-1,4--gluca-
nase and -D-glucosidase. The efficiency of
cellulase production is greatly influenced by
the type and concentration of the carbon
source, functioning not only as a substrate for
nutrient source but also as a regulator of
enzyme expressions (Pratiwi & Ardiansyah,
2022). Therefore, the selection and combination
of carbon sources are key factors in optimizing
cellulase enzyme production.

Although the potential of cellulolytic fungi
from mangrove ecosystems has been widely
reported, most studies remain limited to
isolation and preliminary screening stages
without comprehensively examining the effect
of variation and combination of carbon
sources on cellulase production and activity.
In addition, studies involving molecular
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identification of fungal isolates from mangrove
litter, particularly in coastal regions of Central
Java, are still very limited. This limitation has
resulted in the underutilization of local
cellulolytic fungi as biocatalysts for ligno-
cellulosic-based applications.

Therefore, this study aims to explore the
diversity of cellulolytic fungi from Avicennia
marina mangrove litter including charac-
terization of cellulase enzyme activity,
investigation of the impact of different carbon
sources as well as combinations of carbon
sources on enzyme production, and identi-
fication of cultivable prominent mangrove
origin fungi producing cellulase through ITS
gene. The results of this study are expected
to contribute to the development of cultivable
fungal isolation strategy for cellulase enzyme

production based on mangrove biological
resources.

METHODS

Sampling Location

Mangrove litter samples of Avicennia marina
were collected from the mangrove forest area
of Mangkang Wetan, Tugu District, Semarang
City, Central Java, Indonesia (Figure 1) with
detail sampling sites were presented in Table 1.

Screening of Cellulolytic Fungi

Screening of cellulolytic fungi was carried out
by weighing 2,5 g of mangrove litter sample,
which was then aseptically transferred into
25 mL of physiological saline solution (0,85%
NaCl) and homogenized using a vortex for 5
minutes. One mL of the suspension was then
transferred into 9 mL of 0,85 percent NaCl

Source: Martuti et al., 2018

Figure 1. Mangrove forest area of Mangkang Wetan, at Tugu District, Semarang City, Central Java,
Indonesia (mangrove forests are marked in green on the left of the map)
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solution to obtain a 10{ ³ dilution. A total of
100 µl from each dilution was inoculated onto
1 percent Carboxymethyl Cellulose (CMC)
agar using the spread plate method, with
three replicates for each dilution. The samples
were incubated at 30p C for 7-14 days until
fungi grew on the surface of media. It was
subsequently purified by inoculating the fungi
mycelial into Potato Dextrose Broth (PDB)
medium until single colonies were obtained
(Saputri, 2024).

Qualitative Cellulase Activity Assay

Single colonies grown in Potato Dextrose Broth
(PDB) were re-inoculated onto 1 percent
Carboxymethyl Cellulose (CMC) agar for
qualitative cellulase activity testing. The
isolates grown on CMC medium were then
flooded with 2 mL of 1 percent Congo red
solution for 10 minutes, followed by rinsing
with 1 M NaCl solution. Isolated capable of
degrading cellulose were indicated by the
formation of a clear zone surrounding the
colony (Hidayat and Isnawati, 2021). A larger
clear zone corresponds to a higher level of
enzyme activity (Alkahfi et al., 2021). A ratio
between the diameter of the clear zone and
the diameter of the fungal colony was

Table 1. Sampling locations of mangrove litter collection sites

expressed as the Enzyme Activity Index (EAI).
Qualitatively, cellulase activity was calculated
using the following formula (Talantan et al.,
2018):

IAE = A (mm) – B (mm) ............................ (1)
                  B (mm)

With A: Diameter of the clear zone and B:
Diameter of the fungal colony

Characterization of Cellulolytic Fungi

Fungal characterization was carried out
through macroscopic and microscopic
observations. Macroscopic observation
involved examining colony characteristics on
both the upper and reverse sides of the Petri
dish. Observations included colony morphology,
such as filamentous structure, single-cell
form, presence or absence of spores, and
colony color and texture (granular, powdery,
raised, or smooth). Microscopic observation
was performed by transferring fungal culture
a sterile inoculating needle, followed by
covering it with a sterile cover glass (Rosana
et al., 2014). The sample was then stained
with Lactophenol Blue Cotton to enhance
contrast and facilitate observation under a
microscope (Hussain, 2014).

Location site Latitude Longitude Zone Characteristic 
A -6.9460094 110.3258664 Natural mangrove zone, right side of the Mangkang 

Wetan river 
B -6.9459639 110.3246970 Natural mangrove zone, left side of the Mangkang Wetan 

river 
C -6,9514483 110.3183844 Replanted mangrove zone, close to settlement/village 

 Note: Each site had 3 sampling points. Distance between sampling points within side was approximately
10 meters, with a sampling depth of 30-50 cm from the sediment surface.
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Molecular Identification

DNA extraction was carried out using a manual
procedure based on the Genomic DNA Mini
Kit (Geneaid). The obtained genomic DNA was
then amplified using MyTaq™ HS Red Mix. The
PCR amplification consisted of an initial
denaturation step at 950C for 30 second,
annealing at 550C for 30 seconds, and
extension at 720C for 10 minutes, followed by
holding at 40C. PCR amplification used the
forward primer ITS1 (5'- TCC GTA GGT GAA
CCT GCGG-3') and reverse primer ITS4 (3'- TCC
TCC GCT TAT TGA TAT GC-5'). The PCR
products were visualized using 1 percent
agarose gel electrophoresis with the addition
of 4 µL FloroSafe DNA stain. The PCR products
were then purified using the Thermo Scientific
GeneJET PCR Purification Kit. The purified PCR
products were sequenced to determine
nucleotide composition and sequence order.
Sequencing was performed by 1st BASE
(Malaysia). The obtained sequences were
analyzed using BLAST (Basic Local Alignment
Search Tool) to determine the percentage
similarity with reference sequences available
in GenBank. The aligned sequences were
further used to construct a phylogenetic tree
using MEGA-X software. The phylogenetic
tree was reconstructed using the Neighbor-
Joining method and evaluated with the
bootstrap method.

Preparation of Glucose Standard Curve

A glucose standard curve was prepared using
glucose solutions at concentrations of 0; 0,05;

0,1; 0,2; 0,5; 1; and 2. For each concentration,
a 1:20 ratio of sample to DNS reagent was
used, consisting of 70 µl glucose solution and
1.400 µl DNS reagent. The mixture was
transferred into a sterile 1.5 mL Eppendorf tube
and heated in a thermocycler at 1000C for 1
minute. The solution was then allowed to cool
at 200C for 2 minutes. Subsequently, the
solution was transferred into a 96-well
microplate, and absorbance was measured using
a microplate spectrophotometer at wave-
lengths of 540 nm and 580 nm (Wood et al.,
2012). After obtaining the glucose standard
curve, the linear equation y = ax + b was used
to determine the glucose concentration (x) of
the samples based on their absorbance values
(Talantan et al., 2018).

Cellulase Enzyme Production

Cellulase enzyme production was carried out
by inoculating fungal mycelium (starter) into
liquid media with three replicates for each
treatment using different carbon sources,
namely 1 percent CMC, 1 percent cellobiose,
5 percent CMC & 5 percent cellobiose, and
PDB. The cultures were incubated for 14 days
with sampling intervals at 0, 3, 6, 10, and 14
days. Crude cellulase enzyme was obtained
by centrifuging the cultured medium at each
harvesting time at 8000 rpm and 4p C for 10
minutes. The resulting supernatant was
collected as crude enzyme and used for
enzyme activity assays (Miller, 1959; Talantan
et al., 2018).
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Cellulase Activity Assay

Enzyme activity was determined using 3,5-
dinitrosalicylic acid (DNS) reagent. The ratio
of sample to DNS reagent was 1:20. A total of
70 µl of sample was transferred into a sterile
1.5 mL Eppendorf tube, followed by the
addition of 1,400 µl DNS reagent. The mixture
was then heated in a thermocycler at 100p C
for 1 minute and allowed to cool at 20p C for
2 minutes. The solution was subsequently
transferred into a 96-well microplate, and
absorbance was measured using a microplate
spectrophotometer at wavelengths of 540 nm
and 580 nm. A blank control was prepared
simultaneously using the same prpcedure as
the sample (Wood et al., 2012).

According to Li et al., (2023), cellulase activity
was calculated using the following equation:

Enzyme Activity (U/mL) =  C x N x 1000 ... (2)
                                               Vs x t

C   = Glucose production (mg)
N   = Diluted multiples
Vs = Enzyme dosage (mL)
t    = Reaction time (h)

RESULTS AND DISCUSSION

Isolation and Purification of Cellulolytic
Fungi

Based on the results of isolation and purification,
cellulolytic fungi were successfully isolated
from mangrove litter samples of Avicennia
marina (Figure 2). From all sampling points,
two isolates were obtained from point A (A1.3
and A3.3) and one isolate from point C (C3.3),
while no fungal growth was observed at point B.

The differences in the number of fungal
isolates at each sampling point are presumed
to be influenced by variations in environmental
conditions, such as temperature, salinity, and
pH. These factors play an important role in
determining the abundance and activity of
microorganisms in mangrove ecosystems.
According to Subagiyo et al. (2017), mangrove
ecosystems are rich in microorganisms,
however their distribution is strongly affected
by physicochemical environmental conditions.
High salinity can inhibit the growth of certain
fungal species, while non-optimal pH and
temperature may affect enzymatic activity as
well as microbial growth rates. This may
explain the absence of isolates at point B,
which likely had less favourable environ-
mental conditions for the growth of cellulolytic
fungi (Table 2).

Fungi were only found at locations A1, A3, and
C3, while no growth was observed at location
B. In general, the environmental parameters
across all location were still within the range
supporting the growth of cellulolytic fungi,
namely temperatures of 20-30p C and pH 2,0-

Figure 2. Mangrove litter sample of Avicennia marina



53

Isolation and Molecular Identification of Cellulolytic Fungi from Mangrove Litter (Avicennia marina) |Hadistiyani Yusuf et al.

Parameters Fungi location A1, A2, C3 Fungi location B 
Air temperature (⁰C) 27 – 28  27-29 
Water temperature (⁰C) 27-30 27-31 
Salinity (ppt) 29-31  28-31  
pH 7,66-7,88 7,5-7,74 

 

Table 2. Environmental parameters at fungal growth location

8,5 (Saputri, 2024). However, slight variations
in temperature, salinity, and pH are presumed
to influence the distribution of fungi at each
location. According to Handayani et al. (2023),
suboptimal pH values can reduce microbial
activity and affect their abundance. This is
likely one of the factors contributing to the
absence of fungi at location B.

Fungi that grew on CMC medium were
subsequently purified, resulting in one isolate

from A1.3, one isolate from A3.3, and eight
isolates from C3.3 (Figure 3). The higher
number of isolates at C3.3 indicates
environmental conditions that are more
favourable for fungal growth. According to
Nayak et al. (2012), mangrove fungi are
generally tolerant to high salinity, particularly
those belonging to the genera Aspergillus and
penicillium.

  

  

  

   

 
 

A1.3 A3.3 

C3.3 (b) 

C3.3 (c) C3.3 (d) 

C3.3 (e) C3.3 (f) 

C3.3 (a) 

C3.3 (h) C3.3 (g) 

aFigure 3. Purification results of fungi isolated from mangrove litter of Avicennia marina
(a) colony morphology and (b) reverse side of colony
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Screening and Cellulolytic Activity Assay

Cellulolytic fungi have the ability to degrade
cellulose through the production of cellulase
enzymes, which play a role in the hydrolysis
of these compounds. Of the 10 isolates
treated with Congo red solution, two isolates
(A3.3 and C3.3) were able to produce clear
zones (Figure 3). According to Hidayat and
Isnawati (2021), isolates capable of degrading
cellulose will form a clear zone around the
colony. CMC medium contains substrates that
are hydrolyzed by CMCase enzymes, which
cleave -1,4-glycosidic bonds in cellulose.
Additionally, there is a strong interaction
between polysaccharides containing -(1,4)-
D-glucopyranosyl units and Congo red dye,
resulting in the formation of clear zones
around the colonies where cellulose
degradation occurs.

 
 

B A 

d 

Description: 
 Colony A Colony B 
Colony diameter (mm) 20,5 20,2 
Clear zone diameter (mm) 34,6 28,8 

Figure 4. Qualitative observation of Cellulase
activity (A) Isolate C3.3, (B) Isolate A3.3.

The results of the qualitative cellulolytic assay
(Figure 4) showed that the cellulolytic index
of isolate A3.3 was 0,416 mm, while that of
isolate C3.3 was 0,688 mm. the cellulase
index values of isolates C3.3 and A3.3 are

categorized as low (<1). According to Ananda
et al. (2023), a cellulase index >4 is classified
as high, values ranging from 2-3.9 are
considered moderate, and values of 0.5-1.9
are categorized as low. A higher cellulolytic
index indicates a greater ability to degrade
CMC.

Morphological Characterization of
Cellulolytic Fungi

Morphological characterization was carried
out on both cellulolytic fungal isolates, A3.3
and C3.3, through observations of macroscopic
and microscopic features. The results were
then compared with the identification keys
described by Pitt and Hocking (2009). Based
on the characterization results, the two
cellulolytic fungal isolates obtained from
mangrove litter of Avicennia marina were
identified as belonging to two genera
Penicillium (A3.3) and Aspergillus (C3.3).
Isolate A3.3, presumed to be Penicillium sp.,
was characterized by white spores and a
reddish-brown center of the colony, which
became darker with age. Meanwhile, isolate
C3.3, presumed to belong to the genus
Aspergillus sp., was characterized by a white
colony surface and a yellowish-brown reverse
side, with color intensity increasing as the
culture aged. The macroscopic and microscopic
characteristics of cellulase-producing fungal
isolates from mangrove litter of Avicennia
marina are presented in Table 3.

The colony morphology of isolate A3.3,
presumed to be Penicillium sp., showed a
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Sample 
Macroscopic 

Microscopic Description 
Top-side Reverse-side 

C3.3 

 

 

 

a. Conidia 
b. Sterigma 
c. Vesicles 
d. Conidiophores 

A3.3 
 

 

 a. Conidia 
b. Conidiophores 
c. Ascospora in 

Cleistothesia 

d 

Table 3. Macroscopic and microscopic observations of fungi cellulolytic

circular colony shape with white margins and
a reddish-brown reverse with white edges.
According to Prayekti and Sumarsono (2019),
Penicillium sp. has the ability to synthesize
pink pigments. The colony surface texture of
Penicillium is typically velvety to granular, with
pink exudates observed around the colony and
the medium. Wang et al. (2017) further
reported that Penicillium colonies are nearly
circular, raised at the center, with white to
orange mycelia and a velvety texture, the
colony center appears reddish-brown, while
the margin are orange to cream-colored.

Based on microscopic observations, isolate
A3.3 was identified as Penicillium due to the
presence of septate hyphae, smooth spore
texture, and both microconidia and macro-
conidia. The isolate also exhibited conidia with
short stalks and ascospores that were round
to semi-round in shape. During microscopic

observation, ascospores were still enclosed
within cleistothecia. According to Wang et al.
(2017), Penicillium has biverticillate
conidiophores (branched structures), septate
stipes, and smooth to slightly rough walls. This
is supported by George et al. (2019), who
reported that Penicillium has branched
conidiophores, smooth-walled stipes of
variable length, and conidia arranged in long,
loose, irregular chains with smooth to slightly
rough surfaces. The ascospores are spherical
to semi-spherical in shape.

The colony morphology of isolate C3.3,
presumed to be Aspergillus sp., showed a
circular colony with white to brownish margins
and a yellowish-white reverse. When grown
on PDA medium, isolate C3.3 exhibited faster
growth compared to isolate A3.3. According
to Talantan et al. (2018), Aspergillus species
macroscopically exhibit white hyphae that
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later undergo sporulation, producing green,
yellowish-brown, or blackish color. Colonies
of Aspergillus typical a powdery surface, and
as they age, the spores become dry and form
a powdery mass. Aspergillus can grow on
cellulose-containing media and is known for
its ability to degrade organic matter, thereby
contributing to plant growth enhancement.

Based on microscopic observations, isolate
C3.3 was identified as Aspergillus due to the
presence of spherical vesicles with irregular
spine-like ornamentations. The conidiophores
were hyaline and smooth-walled. According
to Talantan et al. (2018), Aspergillus has short
and smooth conidiophore stalks. The conidial
heads are club-shape (clavate) to spherical
and may become elongated with colony age.
The conidia are spherical, and the sterigmata
partially cover the upper half of the vesicle.

The colony morphology of isolate A3.3,
presumed to be Penicillium sp., showed a
circular colony shape with white margins and
a reddish-brown reverse with white edges.
According to Prayekti and Sumarsono (2019),
Penicillium sp. has the ability to synthesize
pink pigments. The colony surface texture of
Penicillium is typically velvety to granular, with
pink exudates observed around the colony and
the medium. Wang et al. (2017) further
reported that Penicillium colonies are nearly
circular, raised at the center, with white to
orange mycelia and a velvety texture, the
colony center appears reddish-brown, while
the margin are orange to cream-colored.

Based on microscopic observations, isolate
A3.3 was identified as Penicillium due to the
presence of septate hyphae, smooth spore
texture, and both microconidia and macro-
conidia. The isolate also exhibited conidia with
short stalks and ascospores that were round
to semi-round in shape. During microscopic
observation, ascospores were still enclosed
within cleistothecia. According to Wang et al.
(2017), Penicillium has biverticillate conidio-
phores (branched structures), septate stipes,
and smooth to slightly rough walls. This is
supported by George et al. (2019), who
reported that Penicillium has branched
conidiophores, smooth-walled stipes of
variable length, and conidia arranged in long,
loose, irregular chains with smooth to slightly
rough surfaces. The ascospores are spherical
to semi-spherical in shape.

The colony morphology of isolate C3.3,
presumed to be Aspergillus sp., showed a
circular colony with white to brownish margins
and a yellowish-white reverse. When grown
on PDA medium, isolate C3.3 exhibited faster
growth compared to isolate A3.3. According
to Talantan et al. (2018), Aspergillus species
macroscopically exhibit white hyphae that
later undergo sporulation, producing green,
yellowish-brown, or blackish color. Colonies
of Aspergillus typical a powdery surface, and
as they age, the spores become dry and form
a powdery mass. Aspergillus can grow on
cellulose-containing media and is known for
its ability to degrade organic matter, thereby
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contributing to plant growth enhancement.

Based on microscopic observations, isolate
C3.3 was identified as Aspergillus due to the
presence of spherical vesicles with irregular
spine-like ornamentations. The conidiophores
were hyaline and smooth-walled. According
to Talantan et al. (2018), Aspergillus has short
and smooth conidiophore stalks. The conidial
heads are club-shape (clavate) to spherical
and may become elongated with colony age.
The conidia are spherical, and the sterigmata
partially cover the upper half of the vesicle.

Molecular Identification of Cellulase-
Producing Fungal Isolates

 Figure 5. Electrophoresis visualization results:
(M) Marker (A) Isolate C3.3 (B) Isolate A3.3

Based on UV visualization results (Figure 5),
DNA samples from isolates C3.3 and A3.3
showed amplified DNA bands. The resulting
DNA fragments were in the range of
approximately 500-600 bp, consistent with size

of the ITS region commonly used for fungal
identification. The bright, thick, and clearly
visible DNA bands indicated high-quality DNA
with clear and non-degraded bands.
Furthermore, the fragment size obtained using
ITS1 and ITS4 primers was approximately 500
bp and aligned with the DNA marker, indicating
successful amplification.

Figure 6. MEGA X analysis of Isolate A3.3

Based on the cladogram obtained, isolate A3.3
showed the closest relationship with
Penicillium javanicum isolate SP7, with a
bootstrap value of approximately 99 percent .
This indicates that out of 1,000 bootstrap
replications, 990 showed consistent nucleotide
sequence clustering. The scale bar in the
phylogenetic tree was 0.005 (Figure 6).
Therefore, it can be concluded that isolate A3.3
is most likely the same species as P.javanicum.
Based on the cellulase activity assays described
above, this isolate was capable of producing
cellulase enzymes both qualitatively and
quantitatively. According to Kathirgamanathan
et al. (2025) reported that P. javanicum isolated
from mangrove rhizosphere soil, can produce
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two secondary metabolites, namely penicillic
acid and brefeldin A.

Isolate C3.3 showed the closest relationship
with Aspergillus aculeatus isolate CSPL6, with
a bootstrap value of approximately 100
percent. This indicates that out of 1,000
bootstrap replications, all 1,000 showed
consistent nucleotide sequence clustering. The
scale bar in the phylogenetic tree was 0.01
(Figure 7). According to Hanifa et al. (2021), a
scale bar value of 0.01 in a phylogenetic tree
indicates one nucleotide that isolate C3.3 is
most likely the same species as Aspergillus
aculeatus. Based on cellulase enzyme activity
assays, this isolate was capable of producing
cellulase activity both qualitatively and
quantitatively. According to Baba et al. (2015),
A. aculeatus can be isolated from soil and is
capable of producing cellulose and hemicel-
lulose degrading enzymes. Aloo et al. (2024)
further reported that A. aculeatus is a common
saprophytic fungus capable of producing
various secondary metabolites that are
important in biological processes and industrial

Figure 7. MEGA X analysis of Isolate C3.3

applications. A. aculeatus produces several
enzymes, including hemicellulose, amylase, and
protease, which play important roles in food,
feed, and other biotechnological processes.

Quantitative Cellulase Enzyme Assay and
Growth Test of Cellulolytic Fungi

Based on observations of mycelial wet weight
using different carbon sources, namely 1
percent CMC, PDB, 1 percent Cellobiose, 5
percent CMC + 5 percent Cellobiose, in
isolates C3.3 and A3.3, the fungal growth
phases could be clearly identified (Figure 8).
As the incubation time increased, the
resulting mycelial wet weight also increased.
The results showed that the highest mycelial
wet weight was obtained on day 14. This
indicates that the fungi were still in the
logarithmic (exponential) growth phase and
had not yet reached the stationary or death
phases. According to Purkan et al. (2015), the
logarithmic phase is characterized by a
significant increase in cell number due to
optimal cell division. Among the carbon
sources tested, the highest mycelial wet
weight on day 14 was observed in the
treatment containing 5 percent CMC + 5
percent Cellobiose, with values of 10.789 g
for isolate C3.3 and 8.616 g for isolate A3.3.
In contrast, the lowest mycelial wet weight
on day 14 was observed in the 1 percent CMC
treatment, with values of 5.972 g for isolate
C3.3 and 5.905 g for isolate A3.3.
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The optimum time for cellulase enzyme
activity differed depending on the carbon
source used. In PDB medium, optimum
enzyme activity was achieved on day 3, with
values of 1.839,95 U/mL for isolate C3.3 and
1.853,81 U/mL for isolate A3.3. at the 1 percent
CMC carbon source, the optimum activity of
isolate C3.3 occurred on day 10 with an
enzyme activity of 730,95 U/mL, whereas
isolate A3.3 reached its optimum on day 14
with an activity of 838,1 U/mL. Meanwhile, at
1 percent cellobiose medium, both isolates
reached optimum activity on day 3, with
values of 3.058,57 U/mL for C3.3 and
46.736,19 U/mL for A3.3. The highest overall
cellulase activity was obtained at the 5 percent
CMC & 5 percent Cellobiose treatment, which
also occurred on day 3, reaching 44.585,24
U/mL for isolate C3.3 and 46.736,19 U/mL for
isolate A3.3. Cellulase activity in PDB medium
was higher than that observed at 1 percent
CMC medium. This is presumably because the
carbon sources in PDB are simpler and
therefore easier to be absorbed by fungal
isolates. According to Setyani et al. (2011),
microorganisms tend to utilize simple carbon

sources such as glucose before metabolizing
more complex compounds such as cellulose.

Based on the results of this study, it was
observed that at the 1 percent cellobiose, PDB,
and 5 percent CMC & 5 percent Cellobiose
treatments, isolates C3.3 and A3.3
experienced an earlier decline in cellulase
activity, beginning after on day 10, whereas
isolate A3.3 did not exhibit a decrease until
day 14. The differences in the timing of
enzyme activity decline are presumed to be
caused by glucose accumulation as the final
product of cellulose hydrolysis, particularly
through enzymatic activity that converts
cellobiose into glucose. The accumulation of
glucose may inhibit further cellulase
production through a catabolite repression
mechanism. According to Niranjane et al.
(2007), cellulase activity declines earlier in
cellobiose containing substrates because
cellobiose is an intermediate product in the
conversion of cellulose into glucose.
Consequently, glucose accumulates more
rapidly in media containing cellobiose,
thereby accelerating the inhibition of cellulase
enzyme production.

Carbon Source N 
Subset for alpha = 0.05 

1 2 
1% CMC  4 712.4625
PDB 4 1150.8325
1% Cellobiosa  4 1665.7125
5% CMC & 5% Cellobiosa  4 36979.1675
Sig.  0.969 1.000

 

Table 4. Results of the Tukey One-Way ANOVA test on the effect of carbon sources on isolate C3.3
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Carbon Source N 
Subset for alpha = 0.05 

1 2 
1% CMC  4 782.6200
PDB 4 1333.6900
1% Cellobiosa  4 3033.2150
5% CMC & 5% Cellobiosa  4 37313.2125
Sig.  0.795 1.000

Table 5. Results of the Tukey One-Way ANOVA test on the effect of carbon sources on isolate A3.3

The Tukey test results for isolates C3.3 and
A3.3 showed that the carbon source
treatments of 1 percent CMC, PDB, and 1
percent  Cellobiose did not exhibit significant
differences, as indicated by notation A. In
contrast, the 5 percent  CMC & 5 percent
Cellobiose treatment showed a significant
difference, indicated by notation B. Based on
the statistical analysis, the optimum carbon
source was the 5 percent  CMC & 5 percent
Cellobiose treatment, which also produced
the highest cellulase enzyme activity.
According to Septiani et al. (2017), when
microorganisms are grown in a medium
containing two different carbon sources, they
tend to utilize the more easily digestible
carbon source first until it is depleted. A high
availability of carbon sources in the medium
can accelerate fungal cell division and result
in increased biomass production.

CONCLUSION

From 24 collected mangrove litter samples,
10 pure cultivable fungal isolates could be
grown on 1 percent CMC medium. Among
those isolates, 2 isolates exhibited the highest
cellulolytic activity. Molecular identification of
the cellulolytic isolates revealed that isolate

C3.3 was closely similar to Aspergillus
aculeatus strain CSPL6 with 100 percent
sequence similarity, while isolate A3.3 was
close to Penicillium javanicum strain SP7 with
99 percent similarity. Based on the cellulase
activity assay using different carbon sources,
both isolates showed optimal enzyme activity
on day 3, with the optimal carbon source of a
combination of 5 percent  CMC and 5 percent
cellobiose.
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