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Abstract

Vibrio harveyi is one of the major bacterial pathogens causing vibriosis in shrimp
aquaculture, leading to significant reductions in production and economic losses. This
study aimed to molecularly identify a fungal isolated from sediment mangrove and
evaluate its antibacterial activity against V. harveyi. The research was conducted
experimentally to assess the antibacterial activity of fungi isolated from mangrove
sediments against Vibrio harveyi using the agar plug method. The fungal isolate
exhibiting the largest inhibition zone was selected for molecular identification based on
the Internal Transcribed Spacer (ITS) region using the universal primers ITS1 and ITS4.
The obtained sequence was analyzed using the Basic Local Alignment Search Tool
(BLAST), followed by phylogenetic analysis to assess its evolutionary relationship with
related fungal taxa. BLAST analysis revealed that isolate MS.02 exhibited 100%
sequence similarity to Trichoderma yunnanense, while phylogenetic analysis further
confirmed the close phylogenetic relationship between the isolate and this species.

Antibacterial testing showed that isolate MS.02 inhibited the growth of V. harveyi
with a moderate inhibition category, producing a clear inhibition zone of 8.45 + 3.65
mm. The formation of the inhibition zone indicated the production of bioactive
compounds with antibacterial properties. These findings indicate that fungi isolated from
mangrove sediments exhibit antibacterial activity against V. harveyi and warrant further
investigagtion as potential source of antibacterial compounds. The study provides
scientific evidence supporting the wutilization of mangrove-derived fungi as
environmentally friendly alternatives for disease management in shrimp aquaculture. In
conclusion, isolate MS.02 possesses promising antibacterial activity against V. harveyi
and may serve as a potential biocontrol agent for sustainable aquaculture practices.

Keywords: mangrove sediment, antibacterial activity, Vibrio harveyi, Trichoderma

INTRODUCTION

Vibrio harveyi is an opportunistic pathogenic bacterium and one of the primary causative agents of
vibriosis in shrimp aquaculture (Dwyana & Murniati, 2020). Infection by this bacterium can lead to reduced
growth performance, decreased survival rates, and substantial declines in aquaculture productivity. Vibriosis
is considered one of the most economically significant bacterial diseases in shrimp farming, as it can infect all
developmental stages of shrimp, including larvae, post-larvae, juveniles, subadults, and adults. Under severe
outbreak conditions, mortality rates may reach up to 100%, resulting in significant economic losses to the
aquaculture industry (Sarjito et al., 2016). In intensive shrimp culture systems, bacterial diseases caused by the
genus Vibrio are among the most frequently encountered health problems. In particular, V. harveyi has been
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reported to cause mass mortality of up to 80% in shrimp larvae and juveniles before they reach three months
of culture, highlighting the high susceptibility of early developmental stages to infection (Sarjito et al., 2020).

Mangrove ecosystems are recognized as hotspots of microbial diversity, harboring a wide range of
microorganisms with significant ecological and biotechnological potential (Rangkuti et al., 2017; Yulma et al.,
2019). The search for environmentally friendly natural antibacterial compounds has become an important focus
in sustainable aquaculture research. Microorganisms, particularly fungi, are known to produce a variety of
secondary metabolites with diverse biological activities, including antibacterial, antifungal, and antioxiandt
properties. Microorganisms associated with mangrove ecosystems can generally be classified into three groups:
rhizospheric microorganisms, which inhabit the sediment and root-surrounding zone of mangrove plants;
endophytic microorganisms, which live within plant tissues without causing harm to the host; and phyllospheric
microorganisms, which colonize the surface of mangrove leaves and other aerial plant parts (Millatia et al.,
2024). Fungi isolated from mangrove sediments are therefore commonly categorized as rhizospheric fungi.
Rhizospheric fungi play important ecological roles in nutrient cycling and in maintaining both aerobic and
anaerobic microenvironments within mangrove sediments. In addition, these fungi are capable of producing a
wide range of bioactive secondary metabolites, including antibacterial compounds, B-glucans, chitosan-derived
compounds, flavonoids, and terpenoids (Cordova et al., 2024). Among them, species belonging to the genera
Trichoderma, Aspergillus, and Penicillium are frequently reported from mangrove environments and have
attracted considerable attention due to their potential as producers of antimicrobial compounds (Saravanakumar
et al., 2016). These fungi have been reported to exhibit important biological activities, including antibacterial
properties and biocontrol capabilities against various pathogens (Sulaiha et al., 2022).

Although several studies have reported the antibacterial activity of fungi derived from mangrove
environments (Mulyani et al., 2024; Filizola et al., 2019), information regarding the molecular identification
and antibacterial activity of fungi isolated from mangrove sediment against Vibrio harveyi remains limited,
particularly for isolates obtained from Indonesian mangrove ecosystems. In addition, most previous studies
have primarily focused on endophytic fungi isolated from mangrove tissues such as leaves, stems, and roots,
as well as their general antibacterial activities (Trianto et al., 2023; Sukarno, 2023). Therefore, further studies
integrating molecular identification and antibacterial assays are required to provide a more comprehensive
understanding of the potential of fungi from mangrove sediments as natural sources of antibacterial agents.

This study aimed to molecularly identify a fungal isolate from mangrove sediments using the Internal
Transcribed Spacer (ITS) marker and to evaluate its antibacterial activity against Vibrio harveyi using the agar
plug method. The results of this study are expected to provide information on the potential of fungi isolated
from mangrove sediments as natural sources of antibacterial compounds that may be further developed to
support sustainable disease management in shrimp aquaculture.

MATERIALS AND METHODS
Location
The study was conducted at the Tropical Marine Biotechnology, Faculty Fisheries and Marine
Sciences, Diponegoro University, Semarang, Indonesia. Twenty-two fungal isolates from mangrove sediments
were obtained from the culture collection of the Tropical Marine Biotechnology Laboratory, Diponegoro
University, Semarang, Indonesia. The test bacterium, Vibrio harveyi, was obtained from the culture collection
of the Brackish Water Aquaculture Fisheries Center (BBPBAP), Jepara, Indonesia, and was used as the target
pathogen for antibacterial activity assays.
Exploration study
This study employed an experimental research design to explore the antibacterial potential of fungi
isolated from mangrove sediments against Vibrio harveyi. A total of 22 fungal isolates were reactivated and
subsequently screened for antibacterial activity against Vibrio harveyi using the agar plug method with three
replications (Sibero et al. 2019; Sabandingsih et al. 2017). The isolate exhibiting the strongest antibacterial
activity, as indicated by the largest inhibition zone, was selected for molecular identification. Genomic DNA
was amplified using the universal fungal primers ITS1 and ITS4 targeting the Internal Transcribed Spacer
(ITS) region. The obtained DNA sequence was then analyzed using the Basic Local Alignment Search Tool
(BLAST) to determine its closest taxonomic affiliation, followed by phylogenetic tree construction to assess
its evolutionary relationship with related fungal taxa.
Fungal activation
Fungal activation was performed by transferring fungal isolates from slant cultures onto fresh agar
medium to enable the observation of their morphological characteristics. The isolates were activated on Potato
Dextrose Agar (PDA) using the point inoculation method described by Millatia ef al. (2022). A small amount
of fungal hyphae from the surface of the culture medium was aseptically collected using an inoculating needle
and inoculated onto the surface of fresh PDA plates. The cultures were incubated at room temperature (27°C)
for 3 days until uniform fungal growth with consistent colony color and morphology was observed on the PDA
medium (Sabandingsih et al., 2016).
Morphological identification
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Macroscopic identification was conducted to determine the colony characteristics of the fungal
isolates (Michelle et al., 2017). Fungal colonies grown on Potato Dextrose Agar (PDA) were directly observed
for their macroscopic features, including colony surface color, reverse colony color, and colony morphology
(Putra et al., 2021). Microscopic identification was performed using a light microscope at 400x magnification
to examine fungal structures, including hyphae, spores, and conidia (Prakash & Bhargava, 2016; Abboudi,
2021). The slide culture method was employed for microscopic observation. According to Tjampaka et al.
(2024), the slide culture technique provides better results than other fungal observation methods. In this
method, the fungus was cultured on a small PDA block placed on a glass slide, covered with a coverslip, and
incubated in a Petri dish at room temperature (27°C) for three days before microscopic examination.
Antibacterial activity assay

The pathogenic bacterium V. harveyi was cultured in Nutrient Broth (NB) and adjusted to a turbidity
equivalent to 0.5 McFarland standard. The bacterial suspension was incubated on a shaker for 24 h, after which
it was evenly spread onto the surface of Mueller—Hinton Agar (MHA) plates using a sterile cotton swab. Fungal
isolates that had been cultured for 48 h were cut into small agar plugs and placed onto the surface of MHA
plates previously inoculated with V. harveyi. The plates were then incubated at 27°C for 24 h. The inhibition
zone was measured according to the method described by Ayunigrum et al. (2019) by determining the diameter
of the clear zone formed around the fungal plug using a digital caliper. Based on the classification proposed by
Ayunigrum et al. (2019), inhibition activity was categorized as moderate (12—16 mm), strong (17-21 mm), and
very strong (>21 mm). Alternatively, according to Pratiwi ef al. (2024), inhibition zones can be classified as
very sensitive (>20 mm), sensitive (10-20 mm), moderate (5—10 mm), weak (<5 mm), and resistant (0 mm).
The assay was performed using the agar plug method following the procedures described by Sibero et al. (2019)
and Sabandingsih et al. (2017).

Molecular identification

Molecular identification of fungal isolates was initiated by DNA extraction using the Chelex 20%
DNA MiniPrep method. Prior to extraction, samples were immersed in Phosphate Buffered Saline (PBS)
solution for 24 h to facilitate the release of fungal cells or biomass from the substrate and to reduce potential
contamination. DNA amplification was performed using the Polymerase Chain Reaction (PCR) technique in a
thermal cycler. The internal transcribed spacer (ITS) region was amplified using the primer pair ITS1 (5’-TCT
GTA GGT GAA CCT GCG G-3’) and ITS4 (5’-TCC TCC GCT TAT TGA TAT GC-3’) Sandy et al., (2015).
The PCR reaction was carried out in a total volume of 25 pL, consisting of 12.5 uL. GoTaq Green Master Mix,
1 pL ITS1 primer, 1 pL ITS4 primer, 9.5 pL nuclease-free water (ddH=0), and 1 uLL DNA template. The PCR
products were subsequently analyzed by electrophoresis on a 1% agarose gel and visualized under a UV
transilluminator to observe the presence of DNA bands (Chrisnawati ef al., 2023).

The PCR amplification products were sent to PT Genetika Science for sequencing of the 18S rRNA
gene. The obtained sequence data were then analyzed and edited using MEGA 11 software (Chrisnawati et al.,
2023). The resulting DNA sequences were further compared with reference sequences available in the National
Center for Biotechnology Information (NCBI) database using the Basic Local Alignment Search Tool
(BLAST) to determine sequence homology and identify the closest related species (Renner et al., 2024).
Phylogenetic tree analysis

Phylogenetic analysis was conducted to determine the evolutionary relationships of the fungal isolates
with reference species retrieved from the GenBank database. Reference sequences were selected based on the
highest similarity obtained from the BLAST search results. All sequences were aligned using ClustalW
implemented in MEGA version 11. This process aimed to align homologous nucleotide positions so that
similarities and differences among sequences could be accurately compared. The resulting alignment was used
as the basis for constructing the phylogenetic tree (Taribuka et al., 2016).

The phylogenetic tree was constructed using the Neighbor-Joining (NJ) method with the Kimura 2-
Parameter (K2P) substitution model. This method is commonly applied in phylogenetic analyses based on the
Internal Transcribed Spacer (ITS) marker and is appropriate for the samples used in this study. The robustness
of the tree topology was evaluated using bootstrap analysis with 1,000 replicates, and bootstrap values were
displayed on each branch to indicate the reliability of the inferred relationships (Jati et al., 2023).
Saccharomyces cerevisiae was used as an outgroup to root the phylogenetic tree. The selection of the outgroup
was based on its taxonomic distance at the genus and species level, representing a more distantly related lineage
compared to the analyzed fungal isolates.

Data analysis

Data obtained from morphological characterization, ITS-based molecular identification, and
antibacterial activity assays were analyzed descriptively and presented in the form of tables, figures, and
narrative descriptions to illustrate the characteristics of the fungal isolate and its antibacterial potential. Data
processing and analysis included DNA sequence analysis using MEGA version 11 software and statistical
analysis using SPSS software. DNA sequences obtained from fungal isolates were analyzed and edited using
MEGA version 11. The resulting sequences were then compared with reference sequences available in the
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National Center for Biotechnology Information (NCBI) database using the Basic Local Alignment Search Tool
(BLAST) to determine sequence homology and identify the closest related species.

RESULTS AND DISCUSSION
Results
Morphological identification

A total of 22 fungal isolates were succesfully recovered and subjected to morphological
characterization. Preliminary identification was carried out based on both macroscopic and microscopic
features, which remain important criteria for fungal taxonomy and classification. Macroscopic observations
included colony color, texture, margin, elevation, growth pattern, and pigmentation on Potato Dextrose Agar
(PDA), whereas microscopic observations focused on the morphology of hyphae, conidiophores, vesicles,
phialides, conidia, and other reproductive structures. These characteristics were compared with published
taxonomic descriptions to facilitate the identification of the isolates.

Considerable morphological variation was observed among the fungal isolates, indicating the presence
of diverse fungal taxa. Differences in colony appearance, pigmentation, hyphal structure, and spore
morphology provided important diagnostic features for distinguishing individual isolates. Based on their
macroscopic and microscopic characteristics, the 22 fungal isolates were classified into three genera:
Aspergillus (15 isolates), Trichoderma (3 isolates), and Penicillium (4 isolates) while others showed distinct
morphological traits that required further confirmation through molecular analysis. The morphological
identification presented in Table 1 and several isolates presented in Figure 1.

Tabel 1. Microscopic and macroscopis chatracteristics of fungal isolates

Isolate Morphological Macroscopic Microscopic characteristics Reference
code identification characteristics
MS.01 Penicillium N |
|
A
4
W
Ogorek
(2018)
'Grayish green and 400x magnification
cream colony a. Conidia : globose
circular Velvet’y b. Fialida: flask-shaped /
texture with ampulliform
filamentous margin c. Conidiophore: penicillus
flat elevation.
MS.02 Trichoderma
Samuel et
al. (2010)
‘ 400x magnification
White colony a. Conidia : globose
circular, cottony | D-Fialida : flask-shaped
texture, flat c.Conidiophore : irregularly
elevation. branched
79
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MS.03 Trichoderma
Dawy et al.
(2025);
_ Prasetyo et
b 8 400% magnlﬁcatlon al. (2024)
White, yellow, and | a. Conidia : globose
green colony, b. Fialida : flask-shaped
circular, fluffy c. Conidiophore : irregularly
texture with branched
filamentous margin, | d. Hypha : bersepta hyaline
raised elevation.
MS.04 Aspergillus
Klich
(2002);
Padmavathi
etal. (2012)
White colony with ]
pink margin, 400x magnlﬁcatlon
circular, velvety a. Conidia : globose
texture with cottony- | b. Vesicle : subglobose
filamentous margin, | c. Conidiophore : unbranched
raised elevation.
MS.05 Aspergillus

Klich
(2002);
Putri et al.
(2022)
400x magnification
White margin with | a. Conidia : globose
green center, b. Vesicle : globose
circular, powdery c. Conidiophore : unbranched
texture with cottony-
filamentous margin,
raised elevation.
80
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MS.06 Aspergillus
3 g a
' AT b
- 4d
1
A ¥ Klich
X X {\ (2002)
R A
400x magnification
a. Conidia : globose
White margin with | b. Fialida : ampulliform/flask-
brown center, shaped
circular, powdery c. Conidiophore : hyaline and
center and velvety | unbranched
margin, raised
elevation.
MS.07 Aspergillus prm—
- :
Klich
(2002);
Nguyen et
T al. (2023)
400x magnification
White margin with | & Conidia : globose
black center b. Vesicle : spheroid
irregular color;y c. Conidiophore : hyaline and
powdery center with unbranched
filamentous margin,
raised elevation.
MS.08 Aspergillus e
Dugan
(2005)
— r— 400x magnification
Wlélrtsvf’nnaéggze‘:lth a. Conidia : globose
irrecular colon, b. Vesicle : oval
pow diry center \Z; th | & Conidiophore: hyaline and
filamentous margin, unbranched
raised elevation.
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MS.09 Aspergillus
Klich
(2002);
400x magnification Ab(bza:)szelt)al.
a. Conidia : globose
b. Vesicle : globose
White margin with | ¢. Conidiophore : hyaline and
black center, circular | unbranched
colony, velvety
texture with
filamentous margin,
raised elevation.
MS.10 Aspergillus
Klich
(2002);
Putri et al.
(2022)
White margin with
light green center, 400% magnification
circular colony, a. Conidia : globose
powdery center with | b. Vesicle : subglobose
cottony-filamentous | c. Conidiophore : hyaline and
margin, umbonate | unbranched
elevation.
MS.11 Trichoderma
Surma et al.
(2025)
White margin with
dark green center, 400x magnification
circular colony, a. Conidia : globose
powdery center with | b. Fialida : flask-shaped
cottony-filamentous | c. Conidiophore : hyaline and
margin, umbonate | branched
elevation. d. Hypha : bersepta hyaline
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MS.12 Aspergillus
Wibowo et
al. (2017);
Klich
(2002)
White margin with
light green center, ARG
irregular colony, .4(.)OX magnification
powdery center with | & Con.1d1a : globose
cottony-filamentous b. Ves1.cl'e : subglobosg
margin, umbonate | & Conidiophore : hyaline and
clevation. unbranched
MS.13 Aspergillus o
Wibowo et
al. (2017);
Klich
(2002)
White margin with
l%ght green center, 400x magnification
irregular colony, a. Conidia : globose
powdery center with | {, yegicle : subglobose
cottony-filamentous | . = Conidiophore : hyaline and
margin, umbonate | \ubranched
elevation.
MS.14 Aspergillus =y
Dugan
(2005); Zain
et al. (2009)
White margin with
brown center, 400x magnification
circular colony, a. Conidia : globose
powdery center with | b. Vesicle : subglobose
cottony-filamentous | c¢. Conidiophore : hyaline and
margin, flat unbranched
elevation.
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MS.15 Penicilium
Visagie et
al. (2014)
Whitargin with 400~ magnification
dark green center, a. Conidia : globose
irregular colony b.Vesicle : subglobose
velvety texture " |c Vesicle hyaline and
umbonate elevation, | Unbranched
MS.16 Aspergillus
Ogorek
(2018)
. 400% magnification
G 1 , a. Con?dia : globose
circrual}e,lrci/ec:)lr\l/}éty b. Vesicle : subglobose
cente’r with c. Conidiophore : hyaline and
filamentous margin, unbranched
flat elevation.
MS.17 Aspergillus —
_—
-
Ogorek
(2018)
Cream center ih . : 0
brown and white 400x magnification
margin, circular a. Conidia : globose
colony, velvety b. Vesicle : clavate
center with c. Conidiophore : hyaline and
filamentous margin, | unbranched
umbonate elevation.
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MS.18 Aspergillus
Klich
(2002)
Brownter ith .4(.)0,X magnification
. . a. Conidia : globose
white margin, L
eul ) b. Vesicle : clavate
cireutar colony, c. Conidiophore : hyaline and
powdery center with
. unbranched
velvety margin,
umbonate elevation.
MS.19 Penicilium
Ogorek
: (2018)
h ! i 4
Gray center with 400x magnification
white margin, a. Conidia : globose
irregular colony, b. Fialida: flask-shaped /
velvety texture, flat | ampulliform
elevation. c. Metulae : elongated
d. Conidiophorp: penicillus.
MS.20 Penicilium v, :
d
&
d \ ‘ Ogorek
—— A e.,“ (2018)

< A
Gray center with
white margin,
irregular colony,
velvety texture, flat
elevation.

—

400x magnification
a. Conidia : globose

b. Fialida: flask-
shaped/ampulliform

c. Metulae : elongated

d. Conidiophore: penicillus
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MS.21 Aspergillus
T
Klich
(2002)
Black center with ,4OOX magnification
white margin, a. Ve51'cl.e : globose

irregular colony, b. Con1§1g : globose .
powdery center with | ¢ Conidiophore : hyaline and
velvety-filamentous | unbranched

margin, umbonate

elevation.
MS.22 Aspergillus o
Wibowo et
al. (2017)
o : ’ .‘ | \J

Greer.l center Wlth 400x magnification

_ white margin, a. Conidia : globose

irregular colonyf b. Vesicle : globose
powdery center W}th c. Conidiophore : hyaline and
filamentous margin, | ypbranched
umbonate elevation.

Antibacterial activity assay

The antibacterial activity assay demonstrated that fungal isolates recovered in this study exhibited
varying degrees of inhibitory effects against Vibrio harveyi. Among the 22 isolates tested, several isolates
produced clear inhibition zones, indicating the presence of antibacterial metabolites capable of suppressing
bacterial growth, while others did not exhibit any detectable activity. Based on the diameter of the inhibition
zones, the isolates were categorized into different activity levels ranging from weak to moderate inhibition.
Based on the antibacterial activity assay, isolates exhibiting the largest inhibition zones against Vibrio harveyi
were considered to possess the strongest antibacterial potential. Therefore, the isolate with the highest
inhibitory activity was selected for subsequent molecular identification through ITS sequence analysis and
phylogenetic tree construction to determine its taxonomic identity and evolutionary relationship with closely
related fungal species. These findings suggest that certain fungal isolates possess promising antibacterial
potential and may serve as candidates for further bioactive compound screening. The mean inhibition zone
diameters and activity categories of all isolates are summarized in Table 2.

Table 2. Antibacterial assay of fungal isolates against V. harveyi
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Sample code Mean+SD (mm) Category
MS.01 0+0 -
MS.02 8.45+3.65 ++
MS.03 5.11+1.50 ++
MS.04 7.22+1.92 ++
MS.05 2.77 +4.81 +
MS.06 2+3.46 +
MS.07 0+0 -
MS.08 0+0 -
MS.09 5.77+2.34 ++
MS.10 0+0 -
MS.11 0+0 -
MS.12 2.6 +4.61 +
MS.13 2.7+4.81 +
MS.14 1.66 +2.88 +
MS.15 2.66 +4.61 +
MS.16 1+£1.73 +
MS.17 1+£1.73 +
MS.18 2.77£4.81 +
MS.19 0+0 -
MS.20 2.22+3.84 +
MS.21 0+0 -
MS.22 2.77 £4.81 +

Activity categories were classified according to Pratiwi et al. (2024): very sensitive (>20 mm), sensitive (10—
20 mm), moderate (5—10 mm), weak (<5 mm), and resistant (0 mm).

Molecular identification

Among the 22 fungal isolates tested, MS.02 exhibited the highest antibacterial activity against V.
harveyi, with a mean inhibition zone diameter of 8.45 £ 3.65 mm, which was classified as moderate activity
according to the criteria of Pratiwi et al. (2024). The superior inhibitory effect displayed by MS.02 compared
to the other isolates suggests a greater potential for the production of antibacterial metabolites. Therefore,
MS.02 was selected for subsequent molecular identification and phylogenetic analyses.

PCR amplification of the fungal isolate MS.02 successfully generated a DNA fragment corresponding
to the targeted ribosomal region. The amplified product was subsequently analyzed by agarose gel
electrophoresis to verify the presence and approximate size of the PCR amplicon. Visualization under UV
illumination revealed a distinct DNA band, indicating successful amplification of the target sequence. The PCR
amplification of the fungal isolate MS.02 produced a clear DNA fragment ranging from 500 to 700 bp (Fig.1),
consistent with the expected size of the ITS rDNA region commonly used for fungal identification. This result
confirms the successful amplification of the target region and indicates that the PCR product was suitable for
downstream sequencing and phylogenetic analyses.

11T
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Figure 2. Agarose gel electrophoresis of the PCR-amplified ITS region of the fungal isolate. Lane M: 1 kb
DNA ladder; Lane 1: PCR product showing a DNA fragment of approximately 500—700 bp

To determine the taxonomic identity of the most active fungal isolate, the ITS sequence obtained from
isolate MS.02 was compared with reference sequences available in the NCBI database using the Basic Local
Alignment Search Tool (BLAST). Sequence similarity analysis was performed to identify the closest related
species based on query cover, E-value, percentage identity, and accession number. The BLAST results revealed
a high degree of similarity between isolate MS.02 and reference sequences in the GenBank database, providing
preliminary molecular evidence for species-level identification. The detailed results of the BLAST analysis are
presented in Table 3.

Table 3. BLAST analysis of fungal isolate MS.02

Sample Closest Query cover E-value Percent Access
Code species identitiy number
MS.02 Trichoderma 95% 0.0 100% NR 134419.1
yunnanense

Phylogenetic tree analysis

To further confirm the taxonomic position of isolate MS.02, a phylogenetic analysis was performed
based on ITS rDNA sequences using the Neighbor-Joining method with the Kimura 2-Parameter (K2P) model.
Reference sequences representing closely related Trichoderma species were retrieved from the GenBank
database and included in the analysis. Mucor cerradoensis was used as an outgroup to root the phylogenetic
tree. The resulting phylogeny showed that isolate MS.02 clustered within the Trichoderma clade and exhibited
a close relationship with Trichoderma yunnanense (NR 134419.1) supported by a bootstrap value of 97.
Bootstrap values above 70 are generally considered to indicate reliable phylogenetic groupings, suggesting that
MS 02 is closely related to, or potentially belongs to the 7. yunnanense lineage. This close relationship implies
that both taxa share a relatively recent common ancestor compared with other Trichoderma species included
in the analysis. The Trichoderma clade also comprised several related species, including Trichoderma songyi,
T. dorotheae, T. taiwanense, T. hispanicum, T. koningii, T. trixiae, T. junci, and T. caerulescens. However, the
internal nodes among these species were supported by bootstrap values ranging from 40 to 80, indicating
different levels of genetic divergence and varying confidence in their phylogenetic relationships. In contrast,
the Aspergillus species formed a distinct monophyletic clade containing Aspergillus tibetensis, A. cylindricus,
A. telluris, A. guangxiensis, A. marneyi, and A. pseudoalabamensis. The phylogenetic relationship of isolate
MS.02 with related reference species is presented in Figure 3.
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Figure 3. Phylogenetic tree of fungal isolate MS.02

Discussion

The result of this study, morphological characterization revealed that the fungal isolates recovered
from mangrove sediment were predominantly affiliated with the genus Aspergillus, Penicillium, and
Trichoderma. This finding is consistent with previous studies reporting that these genera are commonly
associated with mangrove ecosystems and are frequently recovered from mangrove sediments. In particular,
Aspergillus and Penicillium have been reported among the most frequently isolated fungal genera from
mangrove sediments, while Trichoderma is also commonly detected in mangrove-associated fungal
communities (Li et al., 2023; Oliveira et al., 2025).These genera are commonly reported from mangrove
ecosystems due to their adaptability to fluctuating salinity, nutrient availability, and environmental stress
conditions (Gao et al., 2021). Previous studies have demonstrated that mangrove-associated fungi are prolific
producers of bioactive compounds, including antibacterial, antifungal, antioxiandt, and anticancer metabolites
(Trianto et al., 2021). Fungi are generally classified into two main groups, namely molds and yeasts. Molds
are multicellular fungi characterized by spreading colony growth accompanied by the presence of hyphae and
conidia. Macroscopically, mold colonies typically exhibit cottony, velvety, or powdery textures, whereas
microscopically they possess hyphae and reproduce through spore formation. Alfanda (2020) reported that
molds are multicellular fungi with hyphal structures and the ability to produce mycotoxins that may pose risks
to human health. This characteristic distinguishes them from yeasts. Yeasts are unicellular fungi that lack true
hyphae (Pratiwi & Akhdiya, 2020). Yeast colonies are generally round with smooth, glossy surfaces and are
typically white or cream in color. Microscopically, yeast cells are spherical or oval in shape and reproduce
through budding (Akbar et al., 2019). Based on the fungal observations conducted in this study, all identified
isolates were classified as molds. This classification was supported by the presence of hyphae and asexual
reproductive structures in the form of conidia. Furthermore, microscopic examination revealed septate and
hyaline hyphae, as well as globose conidia. The macroscopic and microscopic characteristics observed were
compared with previous literature to support the identification of the fungal isolates at the genus level.

The antibacterial activity assay demonstrated considerable variation among the fungal isolates in their
ability to inhibit the growth of Vibrio harveyi. Among the 22 isolates tested, isolate MS.02 exhibited the
strongest antibacterial activity, producing the largest inhibition zone (8.45 + 3.65 mm). Although classified as
moderate activity according to Pratiwi ef al. (2024). The differences in inhibition zone diameters observed in
this study may be attributed to the varying abilities of fungal isolates to produce and secrete secondary
metabolites with antibacterial properties. In addition, these differences may be influenced by variations in the

89
TERAKREDITASI PERINGKAT 3, NO SK:79/E/KPT/2023



A. Rahmawati, A. Sabandingsih, Sarjito, D. Saputra/ Jurnal Sains Akuakultur Tropis Ed.
September:10(2026)2:76-92. eISSN:2621-0525

diffusion capacity of active compounds within the medium and differences in fungal growth during the
incubation period. Compounds with lower molecular weights and higher solubility generally exhibit better
diffusion through agar media, thereby potentially producing larger inhibition zones. Setiawan and Warsito
(2025) stated that several factors influence the formation of inhibition zones, including compound
concentration, assay method, active compound content, incubation time and temperature, as well as the pH and
type of medium used. Similarly, Lestari ef al. (2016) reported that antibacterial activity is affected by four main
factors, namely extract concentration, metabolite composition, diffusion capacity, and the type of bacteria
being inhibited. Therefore, these factors may account for the variation in inhibition zone diameters observed
among fungal isolates, even when they belong to the same genus. This finding indicates the capability of fungi
from sediment mangrove to produce metabolites that suppress pathogenic bacteria. V. harveyi is one of the
most important bacterial pathogens in marine aquaculture and is frequently associated with mass mortality in
shrimp and fish farming systems (Putra ef al., 2025).

Molecular identification based on ITS rDNA sequencing revealed that isolate MS.02 shared 100%
sequence identity with Trichoderma yunnanense. The ITS region remains the most widely accepted molecular
marker for fungal species identification because of its high discriminatory power among closely related taxa
(Shapkin et al., 2026). The high sequence similarity observed in this study confirms the morphological
identification and indicates that isolate MS.02 belongs to 7. yunnanense. Phylogenetic analysis further
supported the molecular identification results by clustering isolate MS.02 within the Trichoderma clade and
showing a closest evolutionary relationship with 7. yunnanense with strong bootstrap support (97%) based on
1,000 bootstrap replicates. This close phylogenetic relationship indicates that isolate MS.02 shares a recent
common ancestor with 7. yunnanense and exhibits a high degree of genetic relatedness. Previous studies have
shown that 7. yunnanense, as well as closely related Trichoderma species, produces hydrolytic enzymes and
bioactive secondary metabolites that contribute to antimicrobial, antifungal, and immunomodulatory activities
(Prismantoro et al., 2024; Song and Ji, 2024). Therefore, the close evolutionary relationship observed in this
study suggests that isolate MS.02 may possess similar biological characteristics. However, further
physiological and biochemical analyses are required to verify these functional properties.

Conclusion

A total of 22 fungal isolates were successfully recovered from mangrove sediment, comprising 15
isolates of Aspergillus, 3 isolates of Trichoderma, and 4 isolates of Penicillium. Among these, isolate MS.02
exhibited the strongest antibacterial activity and was classified as having moderate antibacterial activity against
Vibrio harveyi based on the inhibition zone classification. Molecular identification revealed that isolate MS.02
shared 100% ITS rDNA sequence identity with Trichoderma yunnanense, and phylogenetic analysis further
confirmed its close evolutionary relationship with 7. yunnanense, supported by a bootstrap value of 97% based
on 1,000 bootstrap replicates. These findings demonstrate that mangrove sediment harbors diverse fungal
communities with antibacterial potential and highlight 7. yunnanense isolate MS.02 as a promising source of
natural antibacterial compounds for the control of vibriosis in aquaculture.
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