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Abstract
Nauclea orientalis L. is widely distributed in Indonesia. Secondary metabolites such as flavonoids, polyphenols, and saponins are abundant in the bark of
N. orientalis L. These compounds have the potential to act as antioxidants. Endophytic fungi, through genetic transfer and coevolution, can produce the
same metabolites as their host plant. As a result, understanding the potential of endophytic fungi from N. orientalis L. to produce antioxidant compounds
that can be developed is critical. According to the findings of this study, twelve isolates have the potential to produce secondary metabolites with
antioxidant properties. Three isolates had high antioxidant activity: DB2 was identified as Aspergillus minisclerotigenes with an IC50 of 21 g/mL
containing tannins, terpenes, and flavonoids, AB3 as Colletotrichum perseae with an IC50 of 31 g/mL containing tannins and terpenoids, and AB1 as
Diaporthe tulliensis with an IC50 of 48 g/mL containing tannins, The secondary metabolite group has the potential to be developed into an antioxidant
agent.
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Based on culture and experience, plants have been
widely used as ingredients in traditional medicine. It is
due to the presence of active compounds that can be the
main component of the drug. In Indonesia, Nauclea
orientalis L. is popularly referred to as a gempol plant. In
contrast, in Central Sulawesi, this plant is known as
lokinda, and in Kalimantan and Sumatra, it is known as
the bengkal (Tuheteru et al., 2014). Flavonoids,
polyphenols, and saponins are abundant in the bark of N.
orientalis L. (Saefudin and Basri, 2016). According to
research by Wali et al. (2018), the stem base of N.
orientalis L. contains 17 secondary metabolites. Six
compounds at the middle of the stem and 19 at the ends.
These secondary metabolites include phenols, phenolic
acids, phenolic essential oils, terpenes, and tannins.
Squalene (terpene), geraniol (terpene), stigmasta
(terpene), and hexadecanoic acid (fatty acids) are some
of the active compounds found in three parts of bark.
Several secondary metabolites have antioxidant and
antibacterial properties.

Endophytic fungi live intracellularly in healthy plant
tissues and form symbiotic relationships with their hosts
(Stone et al., 2000). Endophytic fungi produce a variety
of secondary metabolites with diverse biological
activities, including antimicrobial, anticancer,
antioxidant, antituberculosis, antiparasitic, antiviral,
immunomodulatory, and insecticide properties (Kaul et
al., 2012). Through genetic transfer mechanisms,

endophytic fungi can produce the same secondary
metabolites as their hosts (Rachman et al., 2018).
According to Dao et al. (2015), an extract from the stem
of N. orientalis L. had a significant ability to reduce
DPPH free radicals as well as lipid peroxidase inhibitor
activity. Alkaloids, terpenoids, simple phenolics,
coumarin glucosides, anthraquinones, and lignans were
among the compounds isolated.

Extraction methods with specific solvents are used to
separate secondary metabolites from fungi. Many
compounds found in polar solvents like methanol or
ethanol have the potential to act as antioxidants (Do et al.,
2013; Hameed et al., 2017). Smith et al. (2015)
discovered that methanol extract of fungi was more
effective as an antioxidant. .Furthermore, the solvent
most commonly used to extract the active compound is
ethyl acetate, which is semipolar (Santoso et al., 2012).
Because the use of large plant parts can reduce the
number of plants, endophytic fungi can be used as an
appropriate replacement for plant parts. As a result, this
research looks into the antioxidant potential of
metabolites from the endophytic fungus N. orientalis L.

Sampling
Bengkal (Nauclea orientalis L.) was taken in

Kampung Sungai Pedada, Keramasan, Kertapati District,
Palembang City, South Sumatra. Geographically, the
sampling location is S 3°1'42.68352'' and E 104.720194".
The bengkal plant that were used as samples were the
root, leaves and bark taken from the branching of the
stem.

Introduction

Potency of endophytic fungi from Nauclea orientalis L. as antioxidant producer

Methods
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Isolation endophytic fungi
Each sample was washed with running water and cut

into 2x1 cm pieces. All samples' surfaces were sterilized
for 1 minute with 5% sodium hypochlorite (NaOCl) and
then for 1 minute with 70% alcohol. Finally, the sample
was rinsed twice with sterile distilled water for one
minute each and dried on sterile tissue. Each sample was
aseptically placed on solid PDA (Potato Dextrose Agar)
media in a petri dish and incubated at room temperature
until fungal growth was observed. Purification was
performed on fungal colonies that had grown and
displayed various morphological characteristics
(Kusumawardhani et al., 2015).

Cultivation and secondary metabolites extraction of
endophytic fungi

Fungal isolates were inoculated on 500 mL PDB
(Potato Dextrose Broth) medium and incubated at room
temperature for 35 days under static conditions.
Cultivation is carried out in duplicate. The fungal
biomass was separated from the medium after incubation.
For 24 h, the filtrate was extracted liquid-liquid (partition)
with ethyl acetate (1:1). Finally, the solution is separated
from the solvent by a rotary evaporator. The biomass
was dried in a 40C oven for 3 h before being weighed.
The biomass was then ground and extracted for two days
with methanol. The mixture was then filtered, and the
solution was removed, yielding a thick extract (Hasiani
et al, 2015; Tan et al., 2018).

Qualitative test of antioxidant activity
Each extract and ascorbic acid (control) were spotted

on the TLC plate as much as ±5 µL extract and with ±1.5
cm gap between each isolates. To determined antioxidant
activity was conducted by spraying TLC plate with
DPPH 0.1 mM. isolates selection were done with
comparing the closest color spots of the isolates to
yellow spot with purple background of ascorbic acid.

Antioxidant activity test with DPPH method
Variationt of extract concentrations were made by

solvent dilution with concentration of 200, 100, 50, 25,
12.5, 6.25 and 0 µg/mL. Next, 0.2 mL concentration of
sample solution was added with 3.8 mL of DPPH 0.1
mM solution. Then, the mixture was homogenized and
let for 30 min in dark place. Absorbance then measured
with spectrophotometer UV-Vis in λmaks 517nm.
Standard antioxidant which was ascorbic acid as control
positive with same treatment to the samples (Pratiwi et
al., 2014). The percentage of inhibition of DPPH free
radical activity was calculated using the equation
(Mu’nisa et al., 2012):

Ak: absorbance control Positive control: ascorbic acid
As: absorbance sample Negative control: ethanol
IC50 value then determine using the linear regression equation

(Hasanah et al., 2017) :
Y=a+bX
Y = 50 a=gradients
X = sample consentration b=constants

TLC Analysis
Extracts were spotted on the TLC plate and eluted

with n-hexane and ethyl acetate (1:2). The plate sprayed
with H2SO4 10%. Chromatogram pattern on the plate
observed under UV lights. Based on Rusnaeni et al.
(2016), Rf was calculated using the equation:

Characterization and identification of fungi
Endophytic fungal isolates with high IC50 values were

inoculated on solid PDA, Malt Extract Agar (MEA), and
Czapex Dox Agar and incubated for seven days at room
temperature. The morphological characteristics of the
fungus were examined based on the macroscopic and
microscopic characters of each isolate and then identified
based on Barnett and Hunter (1998). Molecular
identification was performed by extracting DNA,
amplifying the ITS region using ITS1 and ITS4 primers,
then sequencing at Macrogen, Korea. Sequencing results
were edited and merged using Chromas. MEGA X was
used for the phylogenetic tree reconstruction.

Isolation endophytic fungi
Based on the isolation and purification results, 12

fungi isolates were collected from the roots, bark, and
leaves of N. orientalis L. (Table 1). Because the fungal
isolates had different morphologies, the species were
also different. Endophytic fungi are known to live in
plant tissues, so that all isolates can be obtained from all
plant organs.

No. Sample Code Number of isolates

1. Root AB1 4
AB2

AB3

AB4

2. Leaf DB1
DB2

DB3

DB4

4

3. Stem
BB1

BB2

BB3

BB4

4

Total 12

Results

Table 1. Endophytic fungal isolate isolated from Nauclea orientalis L.
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Cultivation and secondary metabolites extraction
Fungal secondary metabolites were successfully

extracted from the filtrate and biomass (Table 2). Table 2
shows no correlation between fungal biomass and the

weight of ethyl acetate extract and methanol extract.
Because the fungal isolates differed in species (Table 1),
their growth patterns and metabolism differed as well.

Table 2. Result of Cultivation of Endophtyic Fungi from Bengkal Nauclea orientalis L.

No Isolate Codes Dried Biomass Weight (g) Ethyl Acetate Extract Weight(g) Methanol Extract Weight (g)

1. BB4 3.77 0.43 0.36

2. DB3 2.7 0.31 0.36

3. AB2 4.3 0.22 0.68

4. AB1 4.25 0.34 0.37

5. BB3 3 0.76 0.81

6. DB4 1.8 0.57 0.36

7. AB4 3.03 0.55 1.65

8. AB3 2.59 0.23 1.35

9. DB1 5.03 0.33 1.44

10. DB2 2.31 0.31 0.56

11. BB2 2.56 0.31 0.38

12. BB1 2.26 0.18 1.54

Antioxidant Activity of Secondary Metabolites
Extract of Endophytic Fungi

The ability of fungal isolates as antioxidant
producers were analyzed by two methods, qualitative and
quantitative methods. Qualitative analysis needs to be
done to select fungal isolates that potentially produce
antioxidant compounds before proceeding with
quantitative analysis using a spectrophotometer to obtain
the IC50 value. Based on Figure 1, it can be seen that all
extracts produced a yellow color on a purple background
with different color intensities. This result indicated that
the fungal isolates could produce antioxidant compounds
qualitatively.

The weight of the extracts, both ethyl acetate and
methanol, was unrelated to the antioxidant activities of
the compounds contained in them. Table 2 shows that the
isolate with the highest extract weight, isolate BB3 for
ethyl acetate extract, has low antioxidant ability (Table
3). In contrast, the methanol extract of biomass isolate
AB4 demonstrated a positive correlation between high
antioxidant capacity and extract weight. This condition
indicates that the class of active compounds is critical in
secondary metabolite activity.

Qualitative analysis was conducted using
spectrophotometry. The result of the spectrophotometric
method is the percentage of inhibition. Then, we
analyzed the percentage of inhibition to obtain the IC50

value. IC50 will shows which extract had strong and very
strong antioxidant activity.

According to the quantitative analysis in Table 3, the
ethyl acetate extract of three isolates, AB1, AB3, and
DB2, had very strong antioxidant activity when
compared to ascorbic acid as a control. Isolate AB4 has

Figure 1. TLC profile extract of endophtyic fungi (N. orientalis L.)
eluted with ethyl acetat: n-hexane (2:1). (A. filtrate, B. Biomass, 1.
BB4, 2. DB3, 3. AB2, 4. AB1, 5. BB1, 6. DB4, 7. AB4, 8. AB3, 9.
DB1, 10. DB2, 11. BB2, 12. BB1, 13. Ethyl acetate(A) methanol(B),
14. Ascorbic acid.)

strong antioxidant abilities in both methanol and ethyl
acetate extracts, whereas isolates BB2 and BB4 have
strong antioxidant abilities only in ethyl acetate extracts.
Except for isolate AB4, all biomass extracts of fungal
isolates had weak antioxidant abilities - inactive based on
the IC50 value. This condition is most likely caused by
improper extraction of secondary metabolite compounds
that act as antioxidants.

Thin layer chromatography secondary metabolites
extract of endophytic fungi (Nauclea orientalis l.)

Based on Table 3, crude extract of BB4, AB1, AB4,
AB3 and DB2 was analysed with TLC. Separation of the
compound are conducted to know compound types with
ability as antioxidant. Figure 2 showed several different
color pattern on top of the TLC plate. The color
differences are affected by different types of compound
inside each extract hence when separated by eluted TLC
it will separated.
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Table 3. IC50 Value Secondary Metabolite Extracts of Endophytic Fungi

No Isolate Codes Filtrate Biomass

IC50 µg/ml Activity IC50 (µg/ml) Activity

1. BB4 75 Strong 1.08 x 103 Inactive

2. DB3 119 Moderate 1.58 x 109 Inactive

3. AB2 189 Weak 314 Inactive

4. AB1 48 Very Strong 1.35 x 109 Inactive

5. BB3 220 Very Weak 3.61 x 105 Inactive

6. DB4 127 Moderate 776 Very Weak

7. AB4 54 Strong 97 Strong

8. AB3 32 Very Strong 885 Very Weak

9. DB1 587 Very Weak 5,40 x 103 Inactive

10. DB2 21 Very Strong 667 Very Weak

11. BB2 88 Strong 106 Moderate

12. BB1 206 Very Weak 9.20 x 104 Inactive

13. Ascorbic acid (control) 17 Very Strong 17 Very Strong

Figure 2. Chromatogram of crude extract of endophytic fungi. (a. BB4, b. AB1, c. AB4, d. AB4 biomass, e. AB3, f. DB2, g. BB2. 1. Tannin,
2.Flavonoid, 3. Terpenoid, 4. Alkaloid)

Characterization and identification of potential fungi
Based on the antioxidant activity test, three isolates

were known to possess very strong potential. Fungal
isolates were characterized at the macroscopic and
microscopic levels. Figure 3 depicts the results of the
description.

On PDA medium, a greyish white colony of AB1
isolate with a diameter of 4.5 cm, reverse colored in
brown and white on the edges. Growth of an AB1 isolate
on CDA, with delicate mycelium. Microscopic
characteristics of isolate AB1 had several features that
are thin and hyaline septate hyphae. A 100x
magnification examination reveals the presence of
hyaline and cylindric conidia (Fig.3A).

Colony AB3 isolate on PDA medium was white, with
a diameter of 3.2 cm and a reverse color of white (Fig.

3B). On PDA, AB3 growth was moderate, but on CDA
and MEA, the medium around the colony is yellow. The
microscopic characteristics of isolate AB3 included
hyaline septate hyphae and thin hyphae. Many conidia
found with shape are cylindric and hyaline.

On PDA medium, the colony color of DB2 isolate is
green with a white shade and white reversed. On PDA,
the colony diameter was 4.5 cm (Fig. 3C). Growth of
DB2 isolates on CDA and MEA was slower than growth
on PDA. Microscopic features of isolate DB2 at 100x
magnification include hyaline septate hyphae, conidia
visible and colored in green, conidia and conidiophores
abundant and visible, and conidia shaped in an ellipse.
All isolates were incubated at room temperature for
seven days. The identification of the three fungi isolates

1 1 1

4
1

2
1

2
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was advanced using molecular data with ITS1 and ITS4
primers. BLAST analysis (Table 4) revealed that isolates
of fungi AB1, AB3, and DB2 were recognized as

member of the genera Diaporthe, Colletotrichum, and
Aspergillus, with an identity percentage greater than 98
percent

Table 4. BLAST analysis of ITS region fungal isolate

Figure 3. Fungal isolates with the potential to produce very strong antioxidant compounds. (A. AB1, B. AB3, C. DB2, Colonies on PDA incubated
for 7 days. a. top, b. reverse. 1. Conidia, 2. Septat hyphae, 3. Conidiogenous cell, 4. Vesicle, 5. Conidiophore, 6. Chain of conidia.)

Figure 4 depicts the construction of a phylogenetic
tree based on the ITS region of isolate fungi with very
strong antioxidant activity. According to Figure 4, there
are three large clusters, I, II, and III. The bootstrap
analysis for these three clusters was 100 percent,
indicating that this cluster was stable. Cluster I contains
isolate AB3 which is a members of the genus
Colletotrichum. In cluster I, isolate AB3 was closely
related to C. perseae CBS 141365 and had a 99.65%

identity based on BLAST analysis (Table 4). Isolate AB1
was assigned to cluster II, the genus Diaporthe, and was
found to be related to D. tulliensis BRIP 62248a. Cluster
III belongs to the genus Aspergillus, which contains
isolate DB2. A. minisclerotigenes CBS116735 is related
to isolate DB2. Cluster III is a member of the Aspergillus
section Flavi. The three isolates' morphological data
revealed a match with each related species.

No Fungal isolate Refferences species from Genbank Identity (%)

1 AB1 Diaporthe tulliensis BRIP 62248a

Diaporthe tectonaeMFLUCC 12-0777

99.65

99.09

2 AB3 Colletotrichum aenigma ICMP 18608

Colletotrichum perseae CBS 141365

100.00

99.65

3 DB2 Aspergillus minisclerotigenes strain CBS 116735

Aspergillus aflatoxiformans isolate DTO 228-62

98.94

98.34
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Figure 4. The phylogenetic tree of endophytic fungal isolates with reference strain based on the Maximum Likelihood algorithm with Kimura 2
parameters. The numbers in each branch indicate bootstrap

Endophytic fungi from N. orientalis L. have been
isolated in a total of 12 isolates. Differences in
endophytic fungi colonizing plant tissues can be
influenced by the plant tissues' ability to provide the
fungi with the nutritional needs they require.
Furthermore, it is influenced by fungi's ability to adapt to
the environmental conditions of their host plants. Fungi
use the nutrients supplied by the host plant as an energy
source for growth and development (Sopialena et al.,
2018). Because of this condition, the fungal isolates
found in each plant differ (Murdiyah, 2017)

Each isolate of endophytic fungi differed in
mycelium development, extract weight, and dry weight
of biomass (Table 2). These variation occur because each
isolate has a unique genome and physiological properties.
Secondary metabolite production is controlled by
specific genes in each species or group of fungi. Fungi in
the Kingdom Ascomycota have more genes than other
groups, such as polyketide synthase (PKS) and non-
ribosomal protein synthase (NRPS). Secondary
metabolites are typically species-specific and arise from

primary metabolic intermediates (Alurappa et al., 2018;
Collemare et al., 2008).

The class of secondary metabolite produced by each
species differs due to the secondary metabolites that are
unique to each fungal species (Figure 2). The group of
compounds produced by each fungus determines its
antioxidant activity, so the difference in IC50 value in
Table 3 represents antioxidant ability. Six fungi, with
high– very high antioxidant activity by Molyneux (2004)
standards, were able to produce tannins and the majority
of flavonoids. Both of these groups of compounds are
found in polyphenols, which are known to have
antioxidant properties (Liu et al., 2009). Phenolic and
flavonoids have antioxidants properties for anti-allergy
and anti-inflammation (Huyut et al., 2017). According to
Diaz et al. (2012), bioactive extracts of herbs with high
phenolic compound and flavonoid content have very
strong antioxidant activity. Tannin is a secondary
metabolite that has astringent, antidiarrheal, antibacterial,
and antioxidant properties (Desmiaty et al. 2008).

Terpenoid compounds are found in AB4 isolate,
which has strong antioxidant activity. Terpeneoids can
act as antioxidants by scavenging free radicals and
inhibiting lipid peroxidation (Graßmann, 2005).

Discussion
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Diaporthe tulliensis AB1 contains alkaloids as one of its
constituents. Nuraini et al. (2019) discovered a class of
endophytic fungi alkaloid compounds with antioxidant
properties. Diaporthe sp. has been reported to produce
phenolic compounds that are antioxidants
(Tanapichatsakul et al., 2017), only in this study, there
were no phenolic compounds but tannins and flavonoids.
Further research is needed in using methanol as a solvent
that potential to bind antioxidant compounds as well as
optimization of the potential isolates.
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