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AbstractDiabetes mellitus is a serious health problem with an increasing number of sufferers. In this context, an important method forcontrolling blood sugar levels is the derivation of 𝛼-amylase enzyme inhibitors from natural materials such as endophytic fungi.Therefore, this research aimed to analyze the potential of endophytic fungi from Tithonia diversifolia leaves as 𝛼-amylase enzymeinhibitors, secondarymetabolites, as well as the character and identity of potential endophytic fungi. The stages included isolation andidentification of endophytic fungi, extraction of secondary metabolites, 𝛼-amylase inhibition tests, analysis of bioactive compoundsusing Thin Layer Chromatography (TLC), and identification of potential endophytic fungi. The results showed that DT3J1 (67.83
𝜇g/mL), DM3J1 (69.36 𝜇g/mL), DT2J2 (80.42 𝜇g/mL), and DT4J1 (88.64 𝜇g/mL) of the eight endophytic fungi isolates reported highpotential as inhibitors of the 𝛼-amylase enzyme, with IC50 values classified as strong. Potential fungal extracts contain bioactivecompounds such as alkaloids, flavonoids, phenols, and terpenoids. Meanwhile, molecular identification showed that potentialendophytic fungi consisted of Curvularia pseudointermedia, Diaporthe passifloricola, Nodulisporium verrucosum, and Muyocopron
laterale species. This research also provided scientific evidence on the potential of the endophytic fungus Tithonia diversifolia as acandidate for antidiabetic drugs.
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1. INTRODUCTION

Diabetes mellitus is a hyperglycemic disease caused by the
inability of the body to convert glucose into energy due to
endocrine system disorders characterized by metabolic disor-
ders in proteins, lipids, and carbohydrates (Antar et al., 2023) .
This disease is among the main health problems in Indonesia,
which is characterized by the increasing number of sufferers
every year. The 𝛼-amylase found in saliva and pancreatic
fluid is a trigger for increased blood glucose levels in diabetics
because the enzyme breaks down carbohydrates into glucose
(Peyrot des Gachons and Breslin, 2016) . Therefore, inhibition
of 𝛼-amylase activity is needed to control blood glucose levels.
Acarbose, metformin, and voglibose are medications used to
control blood glucose levels through the inhibition of digestive
enzymes. However, several studies have shown that the use
of these drugs can result in side effects such as gastrointestinal
disturbances, dizziness, nausea, and vomiting (Thangwaritorn
et al., 2024) .

Based on the description above, natural 𝛼-amylase enzyme

inhibitors reduce side effects and increase sources of raw drug
materials. In this context, Tithonia diversifolia acts as enzyme
inhibitor with an efficacy of controlling blood glucose levels (Al-
mayda et al., 2024; Suherman et al., 2022) . The leaves of the
plant contain alkaloids, saponins, glycosides, tannins, and es-
sential oils for inhibiting the activity of the 𝛼-amylase enzyme
(Akinwunmi et al., 2017; Muniroh and Solfaine, 2022; Tamfu
et al., 2022) . Endophytic fungi can inhibit 𝛼-amylase enzyme
and produce bioactive compounds (Hashem et al., 2023) . In
this context, endophytic fungi produce metabolite compounds
in a shorter time compared to cultivating the host plants (Gupta
et al., 2023) . Several research were carried out relating to the
potential of endophytic fungal extracts in Indonesia. Therefore,
this research analyzes the potential of endophytic fungal ex-
tracts from Tithonia diversifolia leaves in inhibiting 𝛼-amylase
enzyme. The development of endophytic fungi as raw ma-
terials for diabetes therapy drugs is supported by secondary
metabolite content of fungal extracts and identity.
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2. EXPERIMENTAL SECTION

2.1 Materials
In this research, the materials used are Tithonia diversifolia leaves
including young and old leaves, sterile distilled water, 70% al-
cohol, ethyl acetate solvent, Potato Dextrose Agar (PDA), pota-
toes, dextrose, sodium hypochlorite (NaOCl) 3%, dimethyl sul-
foxide (DMSO), dinitrosalicylic acid (DNS), phosphate buffer
pH 6.9, acarbose (Kimia Farma), 𝛼-amylase enzyme from hu-
man saliva (Sigma-Aldrich), F 254 silica gel plates, and the
Plant Genomic Tiangen Kit.

2.2 Instrumentation and Characterization
𝛼-Amylase enzyme inhibition test used spectrophotometer
UV-Vis (Shimadzu UV-1240) to check the absorbation of con-
trol and test solution. Visualization of spots on TLC plate used
UV transluminator (CAMAG UV Cabinet 4). Microscopic ob-
servation of endophytic fungal morphology using a trinoculer
microscope (Meiji Techno type MT4300L, HD 1500T).

2.3 Method
2.3.1 Isolation and Purification
Endophytic fungi were isolated from the leaves of Tithonia di-
versifolia which identified from plant biosystematics laboratory
at Sriwijaya University under collection number 349/UN9.1.7/
4/EP/2024. The samples were immersed in 70% alcohol for
30 seconds to conduct surface sterilization before adding 3%
sodium hypochlorite (NaOCl). After 1 minute, the samples
were rinsed with sterile water, and dried. The leaves were cut
into 1×1 cm pieces, planted in a Petri dish containing Potato
Dextrose Agar (PDA) and incubated at 25-27°C until endo-
phytic fungi grew. The colonies were transferred with different
morphologies into a PDA medium and incubated (Widjajanti
et al., 2021) .

2.3.2 Cultivation and Extraction
A cork borer was used to inoculate the isolate with 10 agar
plugs at 0.5 cm and placed into 500 mL of PDB in a 1 liter
bottle. Additionally, the culture was incubated for 35 days and
the mycelium was separated using filter paper. Extraction was
carried out twice by adding ethyl acetate solvent to PDB in a
1:1 ratio and concentrated using a rotary evaporator at 40°C to
obtain a thick extract (Oktiansyah et al., 2024) .

2.3.3 In Vitro 𝛼-Amylase Enzyme Inhibition Test with En-
dophytic Fungal Extract

The antidiabetic activity was determined using an in vitro 𝛼-
amylase enzyme inhibition test (Modification of Elya et al.
(2015); Siregar et al. (2022) ). 500 𝜇L 𝛼-amylase enzyme so-
lution was pipetted and mixed with 500 𝜇L of fungal extract.
The mixture was incubated at 37°C for 10 minutes and 1000
𝜇L of 1% starch solution was added as a substrate before incu-
bating for 3 minutes. Additionally, DNS reagent (1000 𝜇L)
was added to the solution and incubated in boiling water for
10 minutes. Negative controls were performed using the same
procedure but replacing the fungal extract sample with 500 𝜇L

of phosphate buffer solution. Blank control and samples were
also made by replacing the enzyme solution with a phosphate
buffer. Acarbose was used as a positive control and treated
as the fungal extract sample. The absorbance values of the
control and samples were measured at a wavelength of 540
nm using a spectrophotometer. The 𝛼-amylase inhibition test
was conducted at 31.25 ppm, 62.5 ppm, 125 ppm, 250 ppm,
and 500 ppm. The percentage of the enzyme inhibition was
calculated using the following Equation (1).

%Inhibition =
(Control Abs – Sample Abs)

Control Abs
× 100% (1)

Note :

Control Abs =Abs of negative control solution-Abs of

negative control blank solution

Sample Abs =Abs of sample solution-Abs of sample

blank solution

The inhibition test data, including the average absorbance
and percentage, were analyzed using Microsoft Excel. Mean-
while, the IC50 value was calculated using the linear regression
equation y = a + bx, where the variables x and y are the sample
concentration and the percentage inhibition, respectively. a is
the gradient value in the linear regression equation and b is
the constant value in the linear regression equation. The IC50
value is determined from the log value of x when y = 50 or
calculated using the Equation (2).

IC50 =
50 − a

b
(2)

2.3.4 Thin Layer Chromatography (TLC) of Secondary
Metabolite Compounds from Potential Endophytic
Fungal Extracts

Selected endophytic fungal extracts of 5 mg were prepared and
dissolved in 1 mL of the solvent used for extraction. The sta-
tionary phase used was a silica gel F 254 plate with dimensions
of 1 cm×5 cm, while the mobile phase was a mixture of 10 mL
specific solvents in a chamber. The solution was pipetted using
a capillary pipette and spotted on an activated silica F 254 Thin
Layer Chromatography (TLC) plate. In addition, the plate
was eluted with a mixture of n-hexane and ethyl acetate before
observing the spots under UV light at 254 nm and 366 nm.
Compound identification was also carried out by comparing
the Rf value and color of the spots on the TLC plate after
being sprayed with 10% H2SO4 reagent and heated on a hot
plate (Nasution et al., 2024) . In this context, the Rf value is
calculated using the following Equation 3.

Rf =
Distance traveled by solute (cm)
Distance traveled by solvent (cm)

(3)
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Table 1. Macroscopic Structure of Endophytic Fungus Discovered in Tithonia diversifolia Leaves

Isolate Surface Colony Reverse Colony Structure Elevation Pattern

DT1J1 Dark Green Dark Green Cottony Umbonate Zonate
DT2J1 Yellowish cream Orange Glabrous Verrugose Zonate
DT2J2 Yellowish Green Dark Green Cottony Umbonate Spread
DT3J1 White White Flocculent Rugose Radiate
DT4J1 Brownish Gray Brown Velvety Flat Radiate
DM1J1 White White Cottony Umbonate Zonate
DM3J1 Brownish Gray Yellowish Briwn Velvety Flat Zonate
DM4J1 Dark Green Dark Green Cottony Umbonate Zonate

Figure 1. Macroscopic Characteristics of Endophytic Fungus Discovered in Tithonia diversifolia Leaves (a. Front View; b. Reverse
View)

2.3.5 Identification of Potential Endophytic Fungal Isolates
Based on phenotypic and molecular characterization, iden-
tification was carried out on endophytic fungal isolates with
a high potential for inhibiting the 𝛼-amylase enzyme. The
macroscopic characteristics observed included colony color,
inverted colony color, colony texture, growth direction, and
growth rate. Meanwhile, the microscopic characteristics com-
prised hyphae type (septate or non-septate), hyphae branching,
hyphae pigmentation (hyaline or dark), spore shape, and spore
color (Nurnawati et al., 2021) .

Molecular analysis started with the DNA isolation stage

carried out following kit protocol. Meanwhile, DNA amplifica-
tion was conducted in the ITS (Internal Transcribed Spacer)
region using the ITS1 and ITS4 primer pairs. The ITS1
primer (5’-TCCGTAGGTGAACCTGCGG-3’) and ITS4 (5’-
TCCTCCGCTTATTGATATGC-3’) were used as the forward
and reverse primers, respectively. DNA samples were prepared
for sequencing and sent to Macrogen Korea. The sequences
from the primers were compiled by adopting GeneStudio soft-
ware and identified at the species level using similarity analysis
with the Basic Local Alignment Search Tool (BLAST) Gen-
Bank (https://blast.ncbi.nlm.nih.gov/blast.cgi). Fur-
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Figure 2. Microscopic Characteristics of Endophytic Fungus Discovered in Tithonia diversifolia Leaves

Table 2. Microscopical Features of Endophytic Fungus Discovered in Tithonia diversifolia Leaves

Isolate Spore Shape Hyphae Characteristics

DT1J1 Conidia Cylindrical Septate Conidiophores hyaline, branched, conidia at the apex of phialides
DT2J1 Conidia Cylindrical Septate Conidiophores hyaline, branched

DT2J2 Conidia Curve-ellipsoidal Septate
Conidiophores pale brown, branched, conidia apically or laterally

on apical fertile parts
DT3J1 Conidia Ellipsoidal Septate Pycnidia half-embedded in agar media, conidia hyaline, 1-celled.

DT4J1 Conidia Ellipsoidal Septate
Conidiophores irregular short branches, conidia appeared at the

ends of conidiogenous cells
DM1J1 Conidia Cylindrical Septate Conidiophores hyaline, branched, phialides short and thick
DM3J1 Conidia Elongated Septate Conidiophores branched
DM4J1 Conidia Cylindrical Septate Conidiophores hyaline, branched

thermore, the sequences were subjected to multiple balances
through MEGA 11 (Molecular Evolutionary Genetic Analysis)
program to form a phylogenetic tree using Neighbor-joining
tree method with a bootstrap value of 1000 times (Oktiansyah
et al., 2023; Widjajanti et al., 2023) .

3. RESULTS AND DISCUSSION

3.1 Morphology of Endophytic Fungal Isolates of Tithonia
diversifolia Leaves

Eight endophytic fungal isolates were successfully isolated from
Tithonia diversifolia leaves with different phenotypic characters,
as reported in Tables 1 and 2. DT1J1, DT2J1, DT2J2, DT3J1,
and DT4J1 fungal isolates were obtained from old leaves, while
DM1J1, DM3J1, and DM4J1 were found in young leaves (Fig-
ures 1 and 2). Endophytic fungi obtained from old leaves
were more abundant than those obtained from young leaves

because older leaves provide more nutrients to support the
growth of endophytic fungi through the accumulation of or-
ganic compounds (Yu et al., 2021) . In addition, older leaves
are more susceptible to environmental stress, which can trig-
ger endophytic fungal colonization. Variations in phenotypic
characteristics indicate that more than one type of fungus can
be obtained from one plant tissue. This is due to the mecha-
nism of fungal adaptation to the environment and the specific
physiological conditions of each host tissue (Fan et al., 2020;
Terna et al., 2022) .

3.2 Inhibition of 𝛼-Amylase Enzyme by Endophytic Fungal
Extract of Tithonia diversifolia Leaves

The inhibition test showed that the negative control solution
was reddish and light orange in the presence and absence of
endophytic fungal extract at the highest concentration. A de-
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crease in the color intensity also affected the amount of glucose
and maltose products formed accompanied by a reduction in
the absorbance of the solution (Kicel et al., 2022) . The ab-
sorbance value was obtained by measuring the intensity of the
complex color formed between simple sugars produced from
the breakdown of starch by the 𝛼-amylase enzyme and the
DNS reagent (Bhat et al., 2024) . Lower measured absorbance
showed a greater ability to inhibit 𝛼-amylase enzyme activity.
Table 3 and Figure 3 shows the inhibition percentage of eight
endophytic fungal extracts from the Tithonia diversifolia leaves.
The percentage of the 𝛼-amylase enzyme inhibition increased
with the concentration of the extract (Huamán-Castilla et al.,
2024; Naila et al., 2024) . Four of the eight extracts from Titho-
nia diversifolia leaves including DT3J1 (67.83 𝜇g/mL), DM3J1
(69.36 𝜇g/mL), DT2J2 (80.42 𝜇g/mL), and DM3J1 (88.64
𝜇g/mL) showed strong 𝛼-amylase inhibition with IC50 values
considered potential as 𝛼-amylase inhibitors An extract known
very strong as an enzyme inhibitor when the IC50 value is <50
𝜇g/mL (Table 3 and Figure 4) (Rale et al., 2018) . Compared
to the host plant, the inhibitory power of endophytic fungal
extracts is inferior to Tithonia diversifolia leaves extract. The
ethyl acetate extract of Tithonia diversifolia leaves showed an
inhibition percentage of 70.9% against 𝛼-amylase and an IC50
value of 31.22 𝜇g/mL (Tamfu et al., 2022) . The variations in
the types and concentrations of active compounds cause the
differences in inhibiting 𝛼-amylase (Momina and Rani, 2020) .

Figure 3. Inhibition Percentage of Endophytic Fungal Extracts
from Tithonia diversifolia Leaves in Several Concentration
(31.5, 62.5, 125, 250, 500 ppm)

3.3 Secondary Metabolite Contents of Potential Endophytic
Fungal Extracts Based on Thin Layer Chromatography
(TLC)

According to the brownish-red and orange-red spots in 366
nm UV light and after being sprayed with 10% H2SO4 with an
Rf value of 0.575, alkaloid compounds were detected in the
DT2J2 extract and the interaction affected 𝛼-amylase enzyme
(Labioth et al., 2021) (Table 4 and Figure 5). In reducing the
activity of the enzyme, nitrogen groups imitate the substrate
and bind to the active site (Srisongkram et al., 2022) .

Figure 4. Inhibition of 𝛼-Amylase Enzyme by Endophytic
Fungal Extracts from Tithonia diversifolia Leaves Based on
IC50 Values

Figure 5. Thin Layer Chromatography (TLC) of Potential
Endophytic Fungal Extract from Tithonia diversifolia Leaves: a.
TLC Plate After Elution; b. Visualization Under UV254 nm;
c. Visualization Under UV366 nm; d. Appearance of Spots
After Treatment with 10% H2SO4 Bioactive Compounds such
as: 1. Terpenoid; 2. Alkaloid; 3. Flavonoid; 4. Phenol

Terpenoid compounds were detected in DT2J2, DT3J1
and DT4J1 extracts. The presence was reported by the range of
Rf values 0.425-0.75, purple spots with 10% H2SO4 spraying,
and blue-purple spots under UV light 366 (Ning et al., 2023)
(Table 4 and Figure 5). Terpenoids can inhibit the activity of
the 𝛼-amylase enzyme through a non-competitive inhibition
mechanism. This includes binding the enzyme to an allosteric
binding site, which causes conformational changes in the struc-
ture and reduces the affinity for the substrate (Kashtoh and
Baek, 2023) .

Flavonoid compounds were detected in DT2J2 and DT4J1
extracts. Table 4 and Figure 5 showed that in DT2J2 extract
with 10% H2SO4 spraying, yellow spots were seen but appeared
yellow-brown with an Rf value of 0.75 under UV 366. Mean-
while in DT4J1, there were greenish-yellow spots under UV
366 light with an Rf of 0.7 (Kaboré et al., 2023) . Flavonoids
are known to form complex compounds with starch, which
can prevent the hydrolysis of starch by 𝛼-amylase. This occurs
because the active site of 𝛼-amylase, or the binding site with the
substrate, is unable to recognize the structure of the complex
formed between starch and flavonoids compounds (Puspitasari
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Table 3. Inhibition of 𝛼-Amylase Enzyme by Endophytic Fungal Extracts from Tithonia diversifolia Leaves

Sample Weight (gram)
Concentration

(ppm)
% Inhibition IC50 (𝜇g/mL)

DT1J1 0.22 500 66.30±0.80 254.74+

250 46.79±0.21
125 34.38±0.12
62.5 22.11±0.59
31.25 12.90±0.58

DT2J1 0.14 500 69.63±0.19 153.84++

250 58.73±0.29
125 46.02±2.50
62.5 36.28±1.34
31.25 21.58±0.48

DT2J2 0.39 500 82.57±0.52 80.42++++

250 68.79±0.46
125 57.26±1.09
62.5 47.34±0.26
31.25 32.66±1.81

DT3J1 0.49 500 71.86±0.37 67.83++++

250 63.75±0.29
125 59.98±0.23
62.5 48.58±0.12
31.25 40.32±0.19

DT4J1 0.15 500 82.01±0.57 88.64++++

250 66.69±0.59
125 56.88±0.11
62.5 45.76±0.21
31.25 29.76±0.79

DM1J1 0.43 500 75.02±6.43 142.03+++

250 58.16±1.68
125 46.96±2.83
62.5 33.65±5.15
31.25 24.63±1.44

DM3J1 0.92 500 86.11±1.73 69.36++++

250 75.85±0.94
125 55.88±0.63
62.5 46.72±3.89
31.25 38.78±5.00

DM4J1 0.19 500 55.56±0.29 312.37+

250 46.39±0.18
125 40.85±0.08
62.5 26.92±0.10
31.25 18.63±0.16

Acarbose 500 87.09±1.63 30.86+++++

250 79.44±2.72
125 74.12±1.86
62.5 59.56±1.58
31.25 48.24±0.50

Note : 𝛼-Amylase Inhibitors Activity IC50 (𝜇g/mL): +++++ very strong (<50 𝜇g/mL), ++++strong (51 - 100 𝜇g/mL),
+++moderate (101 - 150 𝜇g/mL), ++weak dan (151 - 200 𝜇g/mL), +very weak (>200 𝜇g/mL)
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Table 4. Thin Layer Chromatography (TLC) of Secondary Metabolite Compounds of Potential Endophytic Fungal Extracts
from Tithonia diversifolia Leaves

Extract Code
Number of

Rf value
Visualization

Compound Groups
Stains UV 254 nm UV 366 nm H2SO4 10%

DT2J2 3 0.75 Black Brownish yellow Yellow Flavonoid
0.575 Black Brownish Red Red orange Alkaloid
0.425 Black Light blue Purple Terpenoid

DT3J1 2 0.8 Faded black Green black background Faint yellow Phenol
0.725 Faded black Purple Pink Terpenoid

DT4J1 2 0.7 Black Greenish yellow Faint yellow Flavonoid
0.425 Black Purple Purple Terpenoid

DM3J1 3 0.624 Black Black-yellow Black Phenol
0.4 Black Purplish blue -

0.375 Black Black -

Figure 6. Phylogenetic Tree of Potential Endophytic Fungus uses the Neighbor-Joining Method (Boostrap Valee = 1000)

et al., 2023) .
Phenolic compounds were also detected in DT3J1 and

DM3J1 extracts. This was known after spraying with 10%
H2SO4, and there were faint yellow spots on the extract with
an Rf of 0.8. In the DT4J1 extract, there were black spots with
an Rf of 0.624. Under UV 366 light, the spots on DT3J1 and
DM3J1 appeared greenish and yellowish-black, respectively
(Pratap et al., 2021) (Table 4 and Figure 5). The interaction be-
tween enzyme components and phenolic compounds affected
the conformation of the 𝛼-amylase enzyme structure, which

reduced activity and suboptimal function (Aleixandre et al.,
2022) .

3.4 Identification of Potential Endophytic Fungal Isolates
DT2J2 isolate was characterized by a green colony surface with
a white fringed edge, while the reverse side is dark with a yellow
edge. This isolate also showed typical elliptical conidia with
slightly curved tips, and the inside of the conidium consisted of
four cells (Figures 1 and 2) (Marin-Felix et al., 2020) . DT3J1
was characterized by white colonies with irregular edges, long
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but thin hyphae, and a smooth surface texture. Microscopically,
the isolate showed septate hyphae and short ellipsoidal conidia
named alpha conidia (Chaisiri et al., 2021) . DT4J1 had a gray-
brown colony with a brown back side, a flat colony edge, and a
velvety surface texture. The isolate possessed septate hyphae
with irregular short branches under a microscope. Conidio-
genous cells were also observed at the tips of the branches, and
conidia appeared at the tips. Moreover, DT4J1 was elliptical
and scattered, as reported in Figures 1 and 2 (Ahmad et al.,
2023) . Isolate DM3J1 was characterized by gray-brown and
brown colonies with white and yellow edges, respectively. The
colonies possessed short hyphae, hence the surface texture was
velvety, and the colony surface appeared flat. Microscopically,
the isolate showed septate and branching hyphae with elon-
gated conidia with blunt ends (Figures 1 and 2) (Jiang et al.,
2022) .

Molecular analysis using BLAST showed that isolate DT2J2
had the highest similarity with Curvularia pseudointermedia CBS
55389, DT3J1 with Diaporthe passifloricola, DT4J1 with Nodu-
lisporium verrucosumCBS 24529 and DM3J1 with Muyocopron
laterale (Table 5). Phylogenetic tree reconstruction (Figure 6)
informed that the four endophytic and outgroup fungal isolates
belonged to ascomycota phylum and were divided into two
main clades. The first clade consisted of isolates DT4J1 and
DT3J1, which belonged to the Sordariomycetes class. DT4J1
was a member of the order Xylariales, and DT3J1 came from
the order Diaporthales. In contrast, the second clade consisted
of isolates DM3J1 and DT2J2, which came from the class
Dothideomycetes. DT2J2 was a member of the Pleosporales order,
and DM3J1 was included in the Myriangiales order. Morchella
disparilis LIP 0400220 is an outgroup of the Pezizomycetes class
with a more primitive evolutionary line than other clades (Chen
et al., 2023) . Isolates from the Dothideomycetes class, especially
DT2J2, are more primitive than the other three isolates because
their branching position is closer to the outgroup. At the same
time, isolates from the Sordariomycetes class show a higher level
of divergence, in line with the statement that the length of the
line in the phylogenetic tree reflects the evolutionary distance
and characteristics of the species (Liu et al., 2024; Zou et al.,
2024) .

Table 5. Identification Results of Potential Endophytic Fungal
Isolate Based on BLAST Analysis

Isolate % Identity Species

DT2J2 96.78% Curvularia pseudointermedia
DT3J1 98.59% Diaporthe passifloricola
DT4J1 100% Nodulisporium verrucosum
DM3J1 99.69% Muyocopron laterale

4. CONCLUSIONS

In conclusion, DT3J1, DM3J1, DT2J2, and DT4J1 isolates
showed high potential as inhibitors of 𝛼-amylase with IC50

values categorized as strong potential. Potential endophytic
fungal extracts contained bioactive compounds such as alka-
loids, flavonoids, phenols, and terpenoids. Isolates DT2J2,
DT3J1, DT4J1, and DM3J1 were identified as Curvularia pseu-
dointermedia, Diaporthe passifloricola, Nodulisporium verrucosum,
and Muyocopron laterale, respectively.
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