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Abstract
Syzygium zeylanicum, one of the other therapeutic plants found in Indonesia, is used to treat various ailments, such as antimicrobial,anti-inflammatory, antioxidant, arthritis, antidiabetic, mosquitocidal, antitumor, and anti-rheumatic agents. The massive use of plantextracts has caused the development of isolation of bioactive compounds thru their endophytic. The present research aimed toobtain endophytic fungal isolates from the stem bark and leaves of Jambu nasi-nasi (S. zeylanicum) and analyze endophytic fungalextracts’ antioxidant and antibacterial activity. Endophyte identification was performed morphologically, and isolates with highbiological activity were molecularly characterized. The antibacterial activity was evaluated by the disc diffusion method, and theantioxidant activity was evaluated by the DPPHmethod. In total, 10 endophytic fungi were isolated and identified as Phialemonium sp.(Code SZT3), Acremonium sp. (Code SZT4), Trichoderma aureoviridae (Code SZT5), Trichoderma koningi (Code SZT7), Phytium torulosum(Code SZL1), Phytium zingiberum (Code SZL2), Septonema sp. (Code SZL3), Lasiodiplodia pseudotheobromae (Code SZL4), Volutella
cilliata (SZL5), and Trichophyton mentagrophytes (Code SZL7). Isolate SZL4 gave activity the highest antioxidant (IC50 = 3.30 𝜇g/mL)and strong antibacterial activity against four pathogens bacterial (S. thypi, B. subtilis, S. aureus, and E. coli). The potential endophyticfungi based on molecular analysis was Lasiodiplodia pseudotheobromae with accession number OK668257. These endophytic fungican be developed into new sources of antibacterial and antioxidant bioactive compounds through further studies.
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1. INTRODUCTION

The search for sources of biologically active compounds is con-
stantly being carried out by many emerging diseases, includ-
ing infectious diseases, cancer, and other dangerous diseases
(Segaran and Sathiavelu, 2019; Teodoro, 2019; Zhao et al.,
2010). Endophytic fungi have great potential in searching for
new drug sources as they can produce bioactive compounds
that can be processed into drugs (Bhardwaj and Agrawal, 2014;
Lu et al., 2012; Omoarelojie and Van Staden, 2020; Uzma
et al., 2019). Bene�cial ondophytic fungi are easy to grow, have
a short life cycle, and can produce large amounts of bioactive
compounds by cultivation methods (Kumar et al., 2019) .

Improving resistance through pathogenic microorganisms
to business pills is a applicable trouble confronted by health-
care o�erings and has become an extreme problem worldwide
(Mane et al., 2018) . Factors contributing to this resistance

include the widespread and often inappropriate use of antibi-
otics, poor sanitation, the constant movement of tourists, and
the growing number of immunocompromised patients and
late diagnosis of infections. Fungi are easy to grow and have
a short lifespan, and cultivation methods can produce many
biologically active compounds (Manyi-Loh et al., 2018) .

Accordingly, there is a need for an intensive search for novel
antibacterial agents from various natural sources, including en-
dogenous fungi (Kaul et al., 2012) . In a recent study, antibacte-
rial activity was measured against Salmonella thypi and Eschericia
coli (gram-negative pathogenic bacteria); Bacillus subtilis and
Staphylococcus aureus (gram-positive pathogenic bacteria).

Bacterial resistance can be severe when the cell body in
damaged condition. The integrity of the cell can destroy by rad-
icals in the body, and it can be solved using antioxidant agents
(Pandey et al., 2014) . Degenerative diseases such as cancer,
atherosclerosis, diabetes, rheumatoid arthritis, and decreased
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immune response are caused by free radicals (Phaniendra et al.,
2015; Sharma et al., 2018). Correlation damaged cell, free
radical and bacterial resistance was the reason to be needed to
�nd a new source with antibacterial and antioxidant potential.

Leaves of S. zeylanicum plant have been used by people in
Indonesia as a medicinal plant related to pathogenic bacterial
infections and the e�ects of free radicals in the body (Anoop
and Bindu, 2014; Anoop and Bindu, 2015; Deepika et al.,
2014; Vinodkumar, 2015). Endophytes, especially those that
inhabit medicinal plant tissues, are often used as sources of
bioactive compounds. Some plants can degrade the bioac-
tive compounds they contain to endophytic microbes that
grow in their tissues so that these endophytic microbes can
produce the same compounds as their hosts. Our previous
research Syarifah et al. (2021) found the antibacterial com-
pound p-hydroxybenzaldehyde in endophytic fungi Penicillium
brefeldianum (isolated from S. zeylanicum root bark). This p-
hydroxybenzaldehyde compound is also produced by its host.
To continue our research series, in this article, S. zeylanicum
reports the potential bioactivity of endophytes from other parts
of the plant, the bark of leaves and stems. Stem bark and
leaves have higher presence and yield than �owers and seed
(Figueiredo et al., 2008) . Leaves and stems are the main organs
responsible for accumulating active components with impor-
tant medicinal value. Leaves are places for photosynthesis and
play an important role in the plant’s life. The leaves and stem
can also be used as a synthetic and storage organs for secondary
metabolites (Li et al., 2020) . To the best of our knowledge,
this paper is the �rst report to expose the potential of the endo-
phytic fungal extract from stem bark and leaves of S. zeylanicum
as antibacterial and antioxidant.

2. EXPERIMENTAL SECTION

2.1 Plant Materials
The stem bark and leaves of S. zeylanicum (L.) were collected
from the PALI regency (Penukal Abab Lematang Ilir), South
Sumatra. The plant has been registered in the botanical �eld
of the BRIN (Badan Riset dan Inovasi Nasional) Cibinong Re-
search Center forBiologywith the numberB-417/V/DI.05.07/
10/2021. Sampling was carried out in a new state in July 2020.
Sampling was carried out in a new state in July 2020. Isolation
of endophytic fungi using young leaves and stem bark tissue.
The leaves used are leaves in the third leaves position from the
tip of the branch. The stem bark used is the bark from the
central unit.

2.2 Isolation of Endophytic Fungi
Isolation of endophytic fungi begins by disinfecting the surface
of leaves and stem bark of S. zeylanicum. Fresh plant o�al was
washed under running water until clean for ±5 min. Then soak
in 70% alcohol for ±3 min. Then rinse with sterile distilled wa-
ter for ±1 min, and then soak in 3% (w/v) sodium hypochlorite
(NaOCl) for 1 min (Habisukan et al., 2021; Hanin and Fitri-
asari, 2019). Surface sterilized leaves were cut aseptically by
±2 cm, while the stem bark was cut ±3×0.5 cm. The samples

were inoculated in PDA (Potato Dextrose Agar) plate, and in-
cubated for 3-14 days at room temperature. Inspections were
made every day until the fungi were visible. Fungal colonies
grown on PDA plates with di�erent morphological characteris-
tics (color, size, and texture) were further puri�ed. Puri�cation
was performed by transferring colonies to fresh PDA plate with
single-spore isolation and then incubating at room temperature
for 2×24 h. Puri�ed fungal colonies are then transferred to the
culture medium (in petri dishes) and stock cultures (in vitro)
by culturing them on a PDAmedium (Herlinda et al., 2021) .

2.3 Endophytic Fungi Identi�cation
Phenotypic characters both macroscopically and microscopi-
cally were used for endophytic fungi identi�cation. Observa-
tion of colony characteristics included: colony color surface and
reverse side; colony texture (cottony, granular, powdery, slimy);
presence of exudate drops; presence of radial lines; presence of
concentric circles. Microscopic characterization analysis using
slide culture methods and observation of the hyphae, spores,
color, and other speci�c characteristics under microscope until
500 x magni�cation. Both macroscopic and microscopic char-
acterization then compared with fungi identi�cation literature
such as identi�cation keys Pictorial Atlas of Soil and Seed Fungi
(Watanabe, 2002) , Fungi and Food Spoilage (Pitt and Hocking,
2009) , Larone’s medically necessary fungi (Walsh et al., 2018)
and other fungi identi�cation journal.

2.4 Endophytic Fungi Diversity Analysis
Diversity analysis of endophytic fungi from the leaves and stem
bark of S. zeylanicum was estimated using the Simpson diversity
index (Simpson, 1949) and Shannon–Weiner diversity index
(Shannon and Weiner, 1949) . The ecological interrelation-
ships between the endophytic fungi species and the di�erent
organ were interpreted using Paleontological Statistics (PAST)
Software to construct the Principal Component Analysis (PCA)
(Hammer et al., 2001) .

2.5 Molecular Identi�cation
Potential endophytic fungi isolate continues with molecular
identi�cation based on the Internal Transcribed Spacer (ITS)
area of DNA (rDNA). Primer ITS1 (5’-TCCGTAGGTGAAC-
CTGCGG-3’) and ITS 4 (5’-TCCTCCGCTTATTGATATG
C-3’) was used for the ampli�cation process. Assembly of DNA
sequences forward and reverse primers were compiled using
the Bioedit program to cut the unnecessary sequences. The
sequence assembly was then entered into the Basic Local Align-
ment Search Tool (BLAST) at the website address http://blast.
ncbi.nlm.nih.gov/Blast.cgi. Next, the sequences from sample
and database were aligned with the CLUSTALWmethod using
theMEGA11 program, and a phylogenetic tree was constructed
using the Neighbor-joining tree method with a bootstrap value
of 1000 (Tamura et al., 2021) .

2.6 Extraction and Cultivation
All endophytic fungi isolates were cultured using 6 blocks of
pure cultured agar (±6 mm in diameter) in 300 mL potato
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dextrose broth (PDB) medium. Each isolate was re�ned in an
erlenmeyer �ask up to 300mL×5. The cultures were then incu-
bated for 4 weeks at room temperature under static conditions.
The medium and biomass were separated using �lter paper.
Then ethyl acetate solvent was added to the culture medium
(1:1) and extracted by partition (repeated three times). The
ethyl acetate extract was separated using a rotary evaporator
to obtain the extract (Budiono et al., 2019; Habisukan et al.,
2021). The extract was concentrated using an oven at 40◦C.
The concentrated extract was weighed on an analytical balance.

2.7 Antibacterial Activity
Antibacterial activity is analyses using Kirby-Bauer method
with NA (Natrium Agar) medium. Bacterial tests used 2 gram-
negative bacteria (Escherichia coli InaCCB5 and Salmonella thypi
ATCC1048) and 2-gram-positive bacteria (Staphylococcus au-
reus InaCCB4 and Bacillus subtilis InaCCB1204). The blank
disc paper was dripped to endophytic fungal extract with a
concentration of 400 𝜇g/disc. Dilution of fungi extracts using
Dimethylsulfoxide (DMSO). A positive control using Tetra-
cycline with a concentration 30 𝜇g/disk. Disc paper test was
placed on the MHA (Muller Hinton Agar) plate that had been
inoculated with the bacteria. Plate then incubated for 1×24
hours at incubator with setting 37◦C, then the inhibition zone
was observed. The diameter of the inhibition zone formed
was measured with a caliper. The criteria for determining the
antibacterial activity of the test sample and the diameter of
the inhibition zone were determined by the following formula
(El�ta et al., 2019; Syarifah et al., 2021):

Strong :
A
B

× 100% > 70%;

Moderate : 50% <
A
B

× 100%; < 70%;

Weak :
A
B

× 100% < 50%

A: Inhibition zone (mm) of samples
B: Inhibition zone (mm) of antibiotic standard

2.8 Antioxidant Activity Analysis
Antioxidant activity was analyzed using the DPPH (2,2-diphe-
nyl-1-picryl-hydrazyl-hydrate) free radical method. Each en-
dophytic fungi ethyl acetate extract was dissolved in methanol
to concentrations of 1000, 500, 250, 125, 62.5, 31.25, 15.625
g/mL (three replications). At 0.2 mL of each concentration
3.8 mL of 0.5 mM DPPH solution was added. The mixture
became homogenized and left in a darkish tube for 30 minutes.
Absorption was measured the use of a UV-Vis spectropho-
tometer at 𝜆max 517 nm (Fadhillah et al., 2019) . In this study,
ascorbic acid was used as the standard antioxidant. Antioxi-
dant activity was calculated from the inhibition rate of DPPH
absorption and the IC50 value.

%Inhibition =
Ak − As
As

Ak= Absorbance of control
As= Absorbance of samples

3. RESULTS AND DISCUSSION

3.1 Endophytic Fungi of Syzygium zeylanicum
Isolation of endophytic fungi was characterized by the pres-
ence of fungal mycelium around the surface sterilized plant
organs. The leaves and stem bark of S. zeylanicum dominated
by white fungal colony (Figure 1). The frequency of endophyte
establishment by whether young, mature or old segments (Dis-
sanayake et al., 2015) . Young leaves have lower concentrations
of antifungal and anti-herbivorous substances compared to ma-
ture stems (stem bark), which may be the reason for the lower
leaf colonization rate than stem bark. A total of 16 endophytic
fungi were isolated from stem bark (4 isolates) and leaves (6
isolates) of S. zeylanicum.

Figure 1. Endophytic Fungi from Syzygium zeylanicum. (A)
Leaves (B) Stem Bark. Isolation Using PDAMedium after 7
Days Incubation in Room Temperature

Colony morphology of the 10 endophytic fungi isolates
varied in shape and color (Figure 2) along with the shape of
the hyphae and conidia which showed their characteristics (Fig-
ure 3). Colonies of endophytic fungus isolates showed various
physical appearances. Large-scale hyphal growth occurred in
bark and leaf samples, with predominant green, white, and
black colonies. The results of the isolation of endophytic fungi
from the bark obtained �ve isolates with codes SZT3 to SZT5
and SZT7 (Figure 2: A-D), and from leaf organs, seven iso-
lates were obtained with codes SZL1 to SZL7 (Figure 2: E-J).
The population structure of endophytes can be signi�cantly
a�ected by factors such as the host’s genetic culture, age, and
environmental conditions (Jia et al., 2016) .

Endophytic fungi are facultative biotrophs, so they can com-
plete their life cycle outside their host. The role of endophytic
fungi can support the accumulation of bioactive compounds
by helping to increase the production of secondary metabolites
in their host plants (Khare et al., 2018; Sharma et al., 2018;
Yuan et al., 2019). Endophytic fungi can produce bioactive
compounds exclusively for their host plants, compounds can
be the same or di�erent from their hosts, this is very important
to improve the adaptability of endophytic fungi and their host
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Table 1. Colony Characteristics of Endophytic Fungi of Jambu Nasi-Nasi

Code Surface Color Reverse Color Texture Elevation Pattern
Exudate
Drops

Radial
Line

Concentric
Circle

SZT3 Yellowish white Clear yellow Cottony Flat Spread – –
√

SZT4 Grayish white Unpigmented Cottony Flat Spread – –
√

SZT5 Yellowish green Clear yellow Powdery Flat Spread –
√ √

SZT7 Yellowish white Clear yellow Cottony Flat Spread – –
√

SZL1 Milky white White Cottony Flat Zonate – – –
SZL2 Dusty white Unpigmented Cottony Umbonate Spread – –

√

SZL3 Cream and white Cream Velvety Umbonate Flowery – –
√

SZL4 Gray Gray Cottony Raised Spread – –
SZL5 Greenish gray Dark green Cottony Flate Zonate – –

√

SZL7 Milky white White Velvety Flat Zonate – –
√

Figure 2. Colony Morphology of Endophytic Species; from
Stem Bark (SZT3 (A); SZT4 (B); SZT5 (C); SZT7 (D)); and
from Leaves (SZL1 (E); SZL2 (F); SZL3(G); SZL4 (H); SZ-
L5 (I); SZL7 (J)). Colony Growth on Potato Dextrose Agar
Medium after 5-7 Days

plants, such as tolerance to biotic and abiotic stresses (Jia et al.,
2016) .

3.2 Morphological Identi�cation of Endophytic Fungi
Fungal identi�cation begins by comparing morphologically
known species. Observations can be made with the naked eye
(macroscopic) or with a compound microscope (microscopic).
Table 1 shows the characteristics of colonies from color to
growth type. On the other hand, Table 2 shows themicroscopic
features from the shape of the spores to the speci�c features.

SZL4 isolate had colonies that proliferated throughout the
disc with a cottony texture and grayish-white (Figure 2L; Table
1). The microscopic data supported identi�cation where the
isolates had sub-ovoid to ellipsoid conidia with wide rounded
apex, 1 insulated and thick-walled (Figure 3L; Table 2). Based
on these characteristics, SZL4 is close to the genus Lasido-
plodia, which is by what was reported by Kapoor and Saxena
(2014) .

Endophytic fungi isolate SZT5 and SZT7 had the same
colony shape with the yellowish-green colony and when com-
pared with microscopic morphology (Figures 3C & 3D), both
had setae like hyphae with globose-shaped conidia (Table 2).
Phialid in SZT2 & SZT7 has a verticillate shape so it is close to

Figure 3.Microscopic Charcterization of Endophytic Fungal
Isolates; from Stem Bark (SZT3 (A); SZT4 (B); SZT5 (C);
SZT7 (D)); and from Leaves (SZL1 (E); SZL2 (F); SZL3 (G);
SZL4 (H); SZL5 (I); SZL7 (J)). Observations Were Made on
after 5-7 Days on PDAMedium Under Digital Microscope
Magni�cation 400×

the morphology of Trichoderma koningi. Meanwhile, the isolate
SZT5 had verticillate, short, and thin phialid (Table 2). And
the conidia from this isolate were in the form of hyaline and
ovate phialosphorus, so they were identi�ed as Trichoderma
aureoviridae.

Isolates SZL1, SZL2, and SZL3 had yellowish-white colo-
nies with a �owery pattern (Figure 2E-G). The isolate SZL2
(Figure 3F) showed coenocytic hyphae with lobate sporan-
giospores and coiling around the oogoniumphores (Table 2) so
that SZL2 was identi�ed as Phytium zingiberum. While SZL1
has a sporangia lobate form that forms vesicle formations so
that this fungus is close to Phytium torulosum. And in SZL3
isolate the conidia were not completely di�erentiated, where
the conidia grew directly on the hyphae and were blastosporous
so that the SZL3 isolate was closer to Septonema sp.

SZT3 isolate had yellowish-white colonies that spread thro-
ughout the disc with a cotton-like texture (Figure 2A). SZT3
isolate was identi�ed as Phialemonium sp. because microscop-
ically (Figure 3A) it has septate hyphae and there are single
short conidia along the hyphae. SZT4 colonies (Figure 2B)
grew all over the disc, grayish-white in color with a cottony
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Table 2.Microscopic Characteristics of Jambu Nasi-Nasi Endophytic Fungi

Isolate
Code

Type of
Spore

Shape of
Spore

Hyphae Speci�c Characteristic
Species of
Identi�cation

SZT3 Conidia Peglike Septate Single-celled, shirt and peglike Phialemonium sp.

SZT4 Conidia Oblong Septate
Conidia are oblong, easily disrupted

clusters
Acremonium sp.

SZT5 Conidia Globose Septate
Conidiosphores branches, conidia

phialosporous
Trichoderma
aureoviridae

SZT7 Conidia Globose Septate
Conidiosphores branches, conidia

phialosporous
Trichoderma koningi

SZL1 Oospore Lobate Coenocytic Vesicle formation from lobate sporangia Phytium torulosum

SZL2
Antheredium

spore
Lobate Coenocytic Coiling around oogoniumphores Phytium zingiberum

SZL3 Conidia Blastosporous Septate
Conidia is not well di�erentiated,

truncate both ends
Septonema sp.

SZL4 Conidia Cylindrical Septate Bearing monoverticillate penicilla
Lasiodiplodia

pseudotheobromae

SZL5 Conidia Cylindrical Septate
Sporodochia subglobose, conidiophores

phialosporous
Volutella cilliata

SZL7 Conidia Subglobose Septate
Ovate conidia, short phialides, densely

arranged
Trichophyton
mentagrophytes

texture. The microscopic characteristics of SZT4 (Figure 3B;
Table 2) have a single erect and hyaline phialid, and oblong
conidia and conidia form easily disturbed clusters at the ends of
the phialides. The isolate SZT4 was identi�ed as Acremonium
sp. based on its morphological characteristics.

Table 3. Endophytic Fungi Diversity from S. zeylanicum

Taxon (Genera)
Tissues of Syzygium zeylanicum
Leaves Stem Bark Total

Phytium 2 0 0
Septonema 1 0 1
Lasiodiplodia 1 0 1
Volutella 1 0 1

Trichophyton 1 0 1
Trıchoderma 0 2 2
Phialemonium 0 1 1
Acremonium 0 1 1

No. of total fungal
isolates

6 4 10

Simpson’s index (D) 0.1837 0.4400 0.1389
Simpson’s index of
diversity (1-D)

0.8163 0.5600 0.8611

Shannon index of
diversity (H’)

1.7480 0.9503 2.0950

SZL5 isolates had greenish-gray colonies and dark reverse
color (Figure 2I) supported microscopically (isolate 3I; Ta-
ble 2) showing subglobose sporodochia and phialosphorous
and cylindrical conidiophores. Based on the macroscopic and

microscopic morphological characteristics, it was close to the
isolate Volutella ciliate. SZL7 colonies were milky white with a
velvety texture (Figure 2J) with microscopic morphology hav-
ing septate hyphae and branching conidiophores and macro-
conidia attached to the hyphae (Figure 3J) so that SZL7 isolate
was identi�ed as Trichophyton mentagrophytes.

3.3 Endophytic Fungi Diversity Analysis
The stem bark of S. zeylanicum obtained four isolates and the
leaves obtained six isolates. The diversity index values (Shan-
non andWeiner, 1949; Simpson, 1949) for these S. zeylanicum
tissues are listed in Table 3. The 𝛼-diversity values were ac-
quired thru the PAST software (Sadeghi et al., 2019) . The
Shannon–Weiner and Simpson variety index values had been
maximum in leaves (H’=1.748 and 1-D=0.8163, respectively)
and lowest in root bark (H’=0.9503 and 1-D=0.56, respec-
tively). In addition, the general variety values of the endophytic
fungal populations had beenH’=2.095 and 1-D=0.8611 (Table
3).

The two principal components or axes (1-2) obtained by
PCA accounted for 78% of the total variability of the fungus
(Figure 4). Analysis showed that some isolates showed a�nity
for speci�c tissues. There was no common genus of endophytes
from the bark of leaves and stems, but the genus Trichoderma
was found in the bark of the roots of S zeylanicum (Syarifah
et al., 2021) . Some isolated endophytic taxa prefer a particular
tissue type. Some endophytic can invade the tree host through
the root system and move from the soil to new niches within
the plant (Gazis and Chaverri, 2010) .
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Table 4. Antibacterial Activity Percentage of Endophytic Fungi Extracts of S. zeylanicum (at a Concentration of 400 𝜇g/disc)
Compared to Tetracycline 30 𝜇g/disc and Antioxidant Activity with Ascorbic Acid Antioxidant Standard and Weight of The
Extract from Endophytic Fungi Cultivation in PDB Medium (5×300 mL)

Isolate
Code

Genus/Species
of Identi�cation

Fungal Extract
Weight (Gram)

% Antibacterial ActivityAntioxidant Activity IC50 (𝜇g/mL)

Antioxidant
Activity
IC50

(𝜇g/mL)
E. coli B. subtilis S. thypi S. aureus

SZT3 Phialemonium sp. 5.2 81.0±3.19 72.8±5.40 80.8±2.56 77.7±0.23 28.5
*** *** *** *** ***

SZT4 Acremonium sp. 5.5 68.5±1.82 62.4±3.20 69.5±1.27 71.6±0.95 3.56
** ** ** *** ****

SZT5 Trichoderma sp. 5.3 63.8±3.45 57.4±4.20 74.4±1.63 70.6±1.71 10.25
** ** *** *** ***

SZT7
Trıchoderma
koningi

4.3 75.9±2.16 81.0±3.43 78.7±2.29 84.0±1.61 98.41

*** *** *** *** ***
SZL1 Phytium sp. 4.7 63.1±0.78 57.6±5.27 74.9±2.09 78.8±1.07 9.15

** ** *** *** ****

SZL2
Phytium
zingiberum

5.6 34.7±0.82 40.6±1.97 58.5±0.68 65.4±4.20 4.31

* * ** ** ****
SZL3 Septonema sp. 5.1 74.6±2.12 64.7±4.93 73.4±0.71 82.0±0.96 6.79

*** ** *** *** ****

SZL4
Lasiodiplodia

pseudotheobromae
8.8 76.7±1.90 78.3±1.85 76.3±1.43 76.0±1.71 3.30

*** *** *** *** ****
SZL5 Volutella cilliata 4.6 59.1±1.86 50.6±0.66 57.2±0.35 62.5±0.85 6.18

*** *** *** *** ****

SZL7
Trichophyton
mentagrophytes

4.7 46.6±1.48 42.1±6.05 75.3±1.72 69.1±5.58 27.69

* * *** ** ***

Positive control
Tetracycline
100±1.40

Tetracycline
100±1.28

Tetracycline
100±1.12

Tetracycline
100±1.70

Ascorbic
Acid

*** *** *** *** 2.73 ****

Note: Antibacterial activity percentage: *** strong (≥70%), **moderate (50-70%), and *weak (<50%) [15,42]. Antioxidant activity IC50 (𝜇g/mL): ****very
strong <10 𝜇g/mL ***strong <100 𝜇g/mL; **moderat 100-500 𝜇g/mL; *weak >500 𝜇g/mL (Mbekou et al., 2021; Metasari et al., 2020).
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Figure 4. PCA of Endophytic Fungi Isolated from Leaves and
Stem Bark of S. zeylanicum. Components 1 and 2 Described
78% of The Total Variation of The Fungi. The Percentages
Shown Are Percentages of Variation Explained by The Com-
ponents. The Data was Processed Using The PAST Software

3.4 Antibacterial and Antioxidant Activity of Endophytic
Fungi Extract

Biological activity screening for potential endophytic fungus
S. zeylanicum was carried out by analyzing its antibacterial and
antioxidant activity. Antioxidant activity was carried out by
DPPH activity to remove free radicals. Upon receiving an
electron from an antioxidant compound, the DPPH radical
is reduced to DPPH (Budiono et al., 2019; Praptiwi et al.,
2018). The purple color of the DPPH radical changes to yel-
low (Pavithra and Vadivukkarasi, 2015) . Overall endophytic
fungi from leaves and bark showed vital to extreme antioxidant
activity.

Endophytic fungi ethyl acetate extract from S. zeylanicum
has potential as an antioxidant and antibacterial as shown in
Table 4. There are 7 out of 10 extracts of endophytic fungi
showing strong antibacterial activity (>70% inhibition) against
S. typhi and S. aureus bacteria. While the antibacterial activity
against E. coli showed as many as 5 fungal extracts that had
strong activity and against B. subtilis bacteria as many as 4
isolates which had strong activity. All endophytic fungi extracts
showed very strong antioxidant values (IC50 <10 𝜇g/mL).

The data in Table 4 shows that all endophytic fungal extracts
could inhibit the growth of the bacteria which was indicated by
the formation of a clear zone. The majority of extracts gave
moderate to strong antibacterial activity against the four tested
bacteria. SZL1, SZL2 and SZL7 extract provided weak an-
tibacterial activity. The same thing can be seen from the ability
of endophytic fungi extracts to reduce DPPH free radicals. All
extracts provide very strong antioxidant activity. Isolate SZL4
and SZL5 endophytic fungi from the leaves and stem bark of S.
zeylanicum had very strong antioxidant and strong antibacterial
against four pathogens bacterial. In this study, only one isolate

was selected to be identi�ed to the molecular stage with poten-
tial antioxidant and antimicrobial activity with a high yield of
extract.

A total of 7 out of 10 extracts of the endophytic fungus
S. zeylanicum showed a positive correlation with having strong
antioxidant and antibacterial activity. The development of
compounds that have dual activity as antioxidant and antibac-
terial is bene�cial in the treatment of chronic infections such
as Alzheimer’s- infection is commonly associated with gram-
negative anaerobic bacteria (Dioguardi et al., 2020) , Cystic
Fibrosis, and other complex multigenic diseases (Martelli and
Giacomini, 2018; Oset-Gasque and Marco-Contelles, 2018).
We suggest that bioactive compounds with antioxidant and
antibacterial activity include beta-lactam-based compounds,
Dihydroquinolines, Quinolines, Piperidone-hydrazides, Isatin-
thiosemicarbazones, Barbiturates, Indolophanes, Triazoles and
substituted 3-indoles Martelli and Giacomini, 2018.

Antibacterials and antioxidant can be positively or nega-
tively correlated. 70% Syzygium zeylanicum endophytic fungi
extract showed a positive correlation where the antioxidant and
antibacterial activity values were equally strong. In the study
of Li et al. (2020) stated that natural �avonoids (i.e. quercetin,
baicalin and rutin) have high antibacterial and antioxidant ac-
tivity.

Not all endophytic fungi extract of S. zeylanicum showed
a positive correlation, where 3 fungal extracts showed strong
antioxidant activity but weak to moderate antibacterial activity.
The negative correlation between antioxidant and antibacterial
was also mentioned in another study where several tetradecane
compounds, -palmitolactone and ethyl hydrocinnamate con-
tributed to this correlation (Bittencourt et al., 2015) . With the
antibacterial and antioxidant screening of S. zeylanicum fungal
extract, it can be used as a reference in obtaining alternatives
to produce potential active compounds.

The low yield of bioactive substances is an obstacle in the
development of these bioactive substances as candidates for
medicinal ingredients because to go through a long research
stage, many substances are needed. In this study, SZL4 isolates
of endophytic fungi were found that produce twice the yield
of other endophytic fungi, and have strong antibacterial and
antioxidant activities. This discovery is very valuable so further
research needs to be designed to make endophytic fungi as
source of future medicinal raw materials.

3.5 Molecular Identi�cation
The endophytic fungi isolates selected for the molecular identi-
�cation were SZL4 fungi isolated from leaves. Extracts SZL4
fungi produce more yield than other extracts Fungi. The po-
tential for endophytic fungi to be developed as a new source
of medicinal raw materials, apart from the ability to biologi-
cal activity, can also be viewed from the yield of the resulting
extract. Molecular test results are presented in the form of
a phylogenetic tree (Figure 5) to assist in the identi�cation
process.

Isolate SZL4 has a similarity of 100% and is in the same
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clade with Lasiodiplodia pseudotheobromae KP872340, isolate
SZL4 has been registered in the NCBI Genbank with accession
number OK668257.

The phylogenetic tree construction of the endophytic fungi
isolates SZL4 in Figure 5 uses the Neighbor-Joining method.
Endophytic isolates of S. zeylanicum indicated by an asterisk
[*] were subjected to phylogenetic analysis with related species
using neighboring phylogenetic trees (bootstrap value= 1000).
Sequences were obtained from BLAST results. The value on
the branch shows the bootstrap value (percentage of 1000×
replication).

Figure 5. Phylogenetic Analysis of Endophytic Fungi Isolates
SZL4 (*as The Subject of Phylogenetic Analysis with Related
Species)

The percentage of replicate trees in which the associated
taxa clustered together in the bootstrap test (1000 replicates)
are shown next to the branches. The evolutionary distances
were computed using the p-distance method (Nei and Kumar,
2000) and are in the units of the number of base di�erences
per site. This analysis involved 15 nucleotide sequences. Evo-
lutionary analyses were conducted in MEGA11 (Tamura et al.,
2021) .

The fungus Lasiodiplodia pseudotheobromae is not only found
in the genus Syzygium but this endophytic fungus is also found
in the familyCucurbitaceae., Solanaceae, Leguminosae, Poaceae
dan Valerianaceae (Dissanayake et al., 2015; Kapoor and Sax-
ena, 2014; Adetunji et al., 2018). Lasiodiplodia pseudotheobromae
has antibacterial activity against Streptococcus sp., Bacteroides
vulgates, Peptostreptococcus sp., and Veillonella parvulaWei et al.,
2014. This isolate also has activity potential in xanthine ox-
idase inhibition (Kapoor and Saxena, 2014) and as a herbi-
cide with the discovery of the compound (R)-8-hydroxy-3-
methylisochroman-1-one (known as Mellein) (Adetunji et al.,
2018) .

4. CONCLUSIONS

Ten endophytic fungi isolate were found from leaves and stem
bark of S. zeylanicum and seven fungal extract showed strong an-
tibacterial and antioxidant activity. Thus isolate can be used as
potential candidates for producing antibacterial and antioxidant
compounds in the pharmaceutical in the future. The endo-
phyte Lasiodiplodia pseudotheobromae (SZL4) produces more
bioactive substances and is more likely to be developed as a
source of natural pharmaceutical ingredients. This discovery
needs to be followed up through a series of follow-up studies
to help supply medicinal ingredients.

5. ACKNOWLEDGMENT

The authors thank the DRPM Kemenristek Republik Indone-
sia, which provided research funding through Hibah Disertasi
Doktor 2021, with contract No. 0116.06/UN9/SB3.LP2M.PT/
2021.

REFERENCES

Adetunji, C. O., J. K. Oloke, M. Pradeep, A. P. Oluyori,
R. S. Jolly, and O. M. Bello (2018). Mellein, a Dihydroiso-
coumarin with Bioherbicidal Activity from a New Strain of
Lasiodiplodia pseudotheobromae C1136. Beni-Suef University
Journal of Basic and Applied Sciences, 7(4); 505–510

Anoop, M. and A. Bindu (2014). Pharmacognostic and
Physico-Chemical Studies on Leaves of Syzygium zeylanicum
(L.) DC. International Journal of Pharmacognosy and Phyto-
chemical Research, 6(4); 685–689

Anoop, M. and A. Bindu (2015). In-Vitro Anti-In�ammatory
Activity Studies on Syzygium zeylanicum (L) DC Leaves. In-
ternational Journal of pharma research & review, 4(8); 18–27

Bhardwaj, A. and P. Agrawal (2014). A Review Fungal Endo-
phytes: as a Store House of Bioactive Compound. World
Journal of Pharmacy and Pharmaceutical Sciences, 3(9); 228–
237

Bittencourt, M. L., P. R. Ribeiro, R. L. Franco, H.W. Hilhorst,
R. D. de Castro, and L. G. Fernandez (2015). Metabolite
Pro�ling, Antioxidant and Antibacterial Activities of Brazil-
ian Propolis: Use of Correlation and Multivariate Analyses
to Identify Potential Bioactive Compounds. Food Research
International, 76; 449–457

Budiono, B., E. El�ta, M.Muharni, H. Yohandini, and H.Wid-
jajanti (2019). Antioxidant Activity of Syzygium samarangense
L. and Their Endophytic Fungi. Molekul, 14(1); 48–55

Deepika, N., J. Saranya, P. Eganathan, and P. Sujanapal (2014).
Antimicrobial Activity of Syzygium zeylanicum (L.) DC. and
SyzygiumHemisphericum (Walp.) Alston. Journal of Biologically
Active Products from Nature, 4(2); 120–124

Dioguardi, M., V. Crincoli, L. Laino, M. Alovisi, D. Sovereto,
F. Mastrangelo, L. Lo Russo, and L. Lo Muzio (2020). The
Role of Periodontitis and Periodontal Bacteria in The On-
set and Progression of Alzheimer’s Disease: a Systematic
Review. Journal of Clinical Medicine, 9(2); 495

© 2022 The Authors. Page 310 of 312



Syarifah et. al. Science and Technology Indonesia, 7 (2022) 303-312

Dissanayake, A. J., W. Zhang, L. Mei, E. Chukeatirote, J. Y.
Yan, X. Li, and K. D. Hyde (2015). Lasiodiplodia pseu-
dotheobromae Causes Pedicel and Peduncle Discolouration of
Grapes in China. Australasian Plant Disease Notes, 10(1); 1–5

El�ta, E., Mardiyanto, Fitrya, J. E. Larasati, Julinar, H. Widja-
janti, andMuharni (2019). Antibacterial Activity of Cordyline
fruticosaLeaf Extracts and its Endophytic Fungi Extracts. Bio-
diversitas Journal of Biological Diversity, 20(12); 3804–3812

Fadhillah, F., El�ta, Muharni, H. Yohandini, and H.Widjajanti
(2019). Chemical Compound Isolated from Antioxidant Ac-
tive Extract of Endophytic Fungus Cladosporium tenuissimum
in Swietenia mahagoni Leaf Stalks. Biodiversitas Journal of
Biological Diversity, 20(9); 2645–2650

Figueiredo, A. C., J. G. Barroso, L. G. Pedro, and J. J. Sche�er
(2008). Factors A�ecting Secondary Metabolite Production
in Plants: Volatile Components and Essential Oils. Flavour
and Fragrance Journal, 23(4); 213–226

Gazis, R. and P. Chaverri (2010). Diversity of Fungal Endo-
phytes in Leaves and Stems of Wild Rubber Trees (Hevea
brasiliensis) in Peru. Fungal Ecology, 3(3); 240–254

Habisukan, U. H., E. El�ta, H. Widjajanti, A. Setiawan, and
A. R. Kurniawati (2021). Diversity of Endophytic Fungi in
Syzygium aqueum. Biodiversitas Journal of Biological Diversity,
22(3); 1129–1137

Hammer, Ø., D. A. Harper, and P. D. Ryan (2001). PAST:
Paleontological Statistics Software Package for Education
and Data Analysis. Palaeontologia Electronica, 4(1); 9

Hanin, N. A. and P. D. Fitriasari (2019). Identi�cation of En-
dophytic Fungi from Fruits and Seeds of Jambolana (Syzy-
gium cumini L.) Skeels. In IOP Conference Series: Earth and
Environmental Science, 276; 012060

Herlinda, S., M. Gustianingtyas, S. Suwandi, R. Suharjo,
J. M. P. Sari, and R. P. Lestari (2021). Endophytic
Fungi Con�rmed as Entomopathogens of The New Inva-
sive Pest, The Fall Armyworm, Spodoptera frugiperda (JE
Smith)(Lepidoptera: Noctuidae), Infesting Maize in South
Sumatra, Indonesia. Egyptian Journal of Biological Pest Control,
31(1); 1–13

Jia, M., L. Chen, H. L. Xin, C. J. Zheng, K. Rahman, T. Han,
and L. P. Qin (2016). A Friendly Relationship Between En-
dophytic Fungi and Medicinal Plants: a Systematic Review.
Frontiers in Microbiology, 7; 906

Kapoor, N. and S. Saxena (2014). Potential Xanthine Oxi-
dase Inhibitory Activity of Endophytic Lasiodiplodia pseu-
dotheobromae. Applied Biochemistry and Biotechnology, 173(6);
1360–1374

Kaul, S., S. Gupta, M. Ahmed, and M. K. Dhar (2012). En-
dophytic Fungi from Medicinal Plants: a Treasure Hunt
for Bioactive Metabolites. Phytochemistry Reviews, 11(4);
487–505

Khare, E., J. Mishra, and N. K. Arora (2018). Multifaceted
Interactions Between Endophytes and Plant: Developments
and Prospects. Frontiers in Microbiology, 9; 2732

Kumar, V., R. Soni, L. Jain, B. Dash, and R. Goel (2019).
Endophytic Fungi: Recent Advances in Identi�cation and

Explorations. Advances in Endophytic Fungal Research; 267–
281

Li, Y., D. Kong, Y. Fu, M. R. Sussman, and H. Wu (2020).
The E�ect of Developmental and Environmental Factors on
Secondary Metabolites in Medicinal Plants. Plant Physiology
and Biochemistry, 148; 80–89

Lu, Y., C. Chen, H. Chen, J. Zhang, and W. Chen (2012).
Isolation and Identi�cation of Endophytic Fungi from Ac-
tinidia macrosperma and Investigation of Their Bioactivities.
Evidence-Based Complementary andAlternativeMedicine, 2012;
1–8

Mane, R. S., P. M. Paarakh, and A. B. Vedamurthy (2018).
Brief Review on Fungal Endophytes. International Journal of
Secondary Metabolite, 5(4); 288–303

Manyi-Loh, C., S. Mamphweli, E. Meyer, and A. Okoh (2018).
Antibiotic Use in Agriculture and its Consequential Resis-
tance in Environmental Sources: Potential Public Health
Implications. Molecules, 23(4); 795

Martelli, G. and D. Giacomini (2018). Antibacterial and An-
tioxidant Activities for Natural and Synthetic Dual-Active
Compounds. European Journal of Medicinal Chemistry, 158;
91–105

Mbekou, M. I. K., D. Dize, V. L. Yimgang, F. Djague, R. M. K.
Toghueo, N. Sewald, B. N. Lenta, and F. F. Boyom (2021).
Antibacterial and Mode of Action of Extracts from Endo-
phytic Fungi Derived from Terminalia mantaly, Terminalia
catappa, and Cananga odorata. BioMed research international,
2021

Metasari, S., E. El�ta, M. Muharni, and H. Yohandini (2020).
Antioxidant Compounds from The Stem Bark of Syzygium
samarangense L. Molekul, 15(3); 175–183

Nei, M. and S. Kumar (2000). Molecular Evolution and Phyloge-
netics. Oxford University Press, USA

Omoarelojie, L. O. and J. Van Staden (2020). Plant-
Endophytic Fungi Interactions: a Strigolactone Perspective.
South African Journal of Botany, 134; 280–284

Oset-Gasque, M. J. and J. Marco-Contelles (2018).
Alzheimer’s Disease, The “One-Molecule, One-Target”
Paradigm, and The Multitarget Directed Ligand Approach.
ACS Chemical Neuroscience, 9(3); 401–403

Pandey, G., K. Verma, and M. Singh (2014). Evaluation of
Phytochemical, Antibacterial and Free Radical Scavenging
Properties of Azadirachta indica (Neem) Leaves. International
Journal of Pharmacy and Pharmaceutical Sciences, 6(2); 444–
447

Pavithra, K. and S. Vadivukkarasi (2015). Evaluation of Free
Radical Scavenging Activity of Various Extracts of Leaves
from Kedrostis foetidissima (Jacq.) Cogn. Food Science and
Human Wellness, 4(1); 42–46

Phaniendra, A., D. B. Jestadi, and L. Periyasamy (2015). Free
Radicals: Properties, Sources, Targets, and Their Implica-
tion in Various Diseases. Indian Journal of Clinical Biochem-
istry, 30(1); 11–26

Pitt, J. I. and A. D. Hocking (2009). The Ecology of Fungal
Food Spoilage. In Fungi and Food Spoilage. Springer;3–9

© 2022 The Authors. Page 311 of 312



Syarifah et. al. Science and Technology Indonesia, 7 (2022) 303-312

Praptiwi, R. M., D. Wulansari, A. Fathoni, and A. Agusta
(2018). Antibacterial and Antioxidant Activities of Endo-
phytic Fungi Extracts of Medicinal Plants from Central Su-
lawesi. Journal of Applied Pharmaceutical Science, 8(08); 069–
074

Sadeghi, F., D. Samsampour, M. A. Seyahooei, A. Bagheri, and
J. Soltani (2019). Diversity and Spatiotemporal Distribution
of Fungal Endophytes Associated with Citrus reticulata Cv.
Siyahoo. Current Microbiology, 76(3); 279–289

Segaran, G. and M. Sathiavelu (2019). Fungal Endophytes: a
Potent Biocontrol Agent and a Bioactive Metabolites Reser-
voir. Biocatalysis and Agricultural Biotechnology, 21; 101284

Shannon, C. and V.Weiner (1949). AMathematical Theory of
Communication University Press. Illinois Urban, 1; 101–107

Sharma, G. N., G. Gupta, and P. Sharma (2018). A Compre-
hensive Review of Free Radicals, Antioxidants, and Their
Relationship with Human Ailments. Critical Reviews™ in
Eukaryotic Gene Expression, 28(2)

Simpson, E. H. (1949). Measurement of Diversity. Nature,
163(4148); 688–688

Syarifah, S., E. El�ta, H. Widjajanti, A. Setiawan, and A. R.
Kurniawati (2021). Diversity of Endophytic Fungi from
The Root Bark of Syzygium zeylanicum, and The Antibacterial
Activity of Fungal Extracts, and Secondary Metabolite. Bio-
diversitas Journal of Biological Diversity, 22(10); 4572–4582

Tamura, K., G. Stecher, and S. Kumar (2021). MEGA11:
Molecular EvolutionaryGenetics Analysis Version 11.Molec-

ular Biology and Evolution, 38(7); 3022–3027
Teodoro, A. J. (2019). Bioactive Compounds of Food: Their
Role in The Prevention and Treatment of Diseases

Uzma, F., C. D. Mohan, C. N. Siddaiah, and S. Chowdappa
(2019). Endophytic Fungi: Promising Source of Novel
Bioactive Compounds. In Advances in Endophytic Fungal
Research. Springer; 243–265

Vinodkumar, T. G. (2015). Leaf Essential Oil Composition
of Six Syzygium Species from The Western Ghats, South
India. Records of Natural Products, 9(4); 592

Walsh, T. J., R. T. Hayden, and D. H. Larone (2018). Larone’s
Medically Important Fungi: a Guide to Identi�cation. JohnWiley
& Sons

Watanabe, T. (2002). Pictorial Atlas of Soil and Seed Fungi:
Morphologies of Cultured Fungi and Key to Species. CRC press

Wei, W., N. Jiang, Y. N. Mei, Y. L. Chu, H. M. Ge, Y. C. Song,
S.W. Ng, and R. X. Tan (2014). An Antibacterial Metabolite
from Lasiodiplodia pseudotheobromae F2. Phytochemistry, 100;
103–109

Yuan, Z., Y. Tian, F. He, and H. Zhou (2019). Endophytes
fromGinkgo biloba and Their SecondaryMetabolites. Chinese
Medicine, 14(1); 1–40

Zhao, J., L. Zhou, J. Wang, T. Shan, L. Zhong, X. Liu, and
X. Gao (2010). Endophytic Fungi for Producing Bioactive
Compounds Originally from Their Host Plants. Curr Res,
Technol Educ Trop Appl Microbiol Microbial Biotechnol, 1; 567–
576

© 2022 The Authors. Page 312 of 312


	INTRODUCTION
	EXPERIMENTAL SECTION
	Plant Materials
	Isolation of Endophytic Fungi
	Endophytic Fungi Identification
	Endophytic Fungi Diversity Analysis
	Molecular Identification
	Extraction and Cultivation
	Antibacterial Activity 
	Antioxidant Activity Analysis

	RESULTS AND DISCUSSION
	Endophytic Fungi of Syzygium zeylanicum
	Morphological Identification of Endophytic Fungi 
	Endophytic Fungi Diversity Analysis 
	Antibacterial and Antioxidant Activity of Endophytic Fungi Extract
	Molecular Identification

	CONCLUSIONS
	ACKNOWLEDGMENT

