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Abstract

Objective: Piper retrofractum Vahl. is an Indonesian plant that has several activities such as
antibacterial, antifungal, antioxidant, etc. Endophytic fungi are fungal microbe which can produce
secondary metabolites that associated with medical plants can be exploited for curing many diseases.
This is the first study of endophytic fungi from P. retrofractum which can be an alternative source of
natural product besides its host, P. retrofractum. Seven endophytic fungi were isolated from the fruits
and leaves of P. Retrofractum and investigated for their antibacterial and antioxidant activities.
Methods: All the isolated fungi were tested for their antibacterial activity using disc diffusion method
with several series of concentrations and antioxidant capacity using the DPPH method. Result: The
highest activity both antibacterial and antioxidant was demonstrated by DPR-1 extract against
Staphylococcus aureus and Pseudomonas aeruginosa. This extract contained alkaloids, steroids, and
flavonoid compounds. Conclusion: This study reported that endophytic fungi from P. retrofractum
indicate as a potential source of bioactive and chemically novel compounds.
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Introduction

Piper retrofractum Vahl. is an Indonesian endophytic fungi. Endophytic fungi are

plant that is closely related to pepper plants.
Empirically, P. retrofractum fruit has been
used to treat abdominal pain, as carminative,
expectorant, laxative, antiseptic and
antibacterial [1], while P. retrofractum leaves
are used to cure abdominal pain, as a
medicine gargle and treat bacterial infections
[2]. The P. retrofractum leaf extract is
reported to have antimicrobial activity
against Candida albicans [3], Staphylococcus
aureus, Bacillus subtilis, Micrococcus luteus,
Pseudomonas aeruginosa, and Escheria coli
[4, 5].

The extract of P. retrofractum leaves is also
shown in their activity against bacterial
growth [6]. The use of P. retrofractum extract
in drug discovery especially as antibacterial
has several disadvantages, for example,
many plants are needed to produce extracts.
It will cause the plant to become extinct if it
continues to be  exploited without
conservation. So an alternative is needed to
overcome this problem, such as using
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fungal microbes that live within plant tissues
without causing pathogenic effects and
symptoms of the disease on its hosts [7,8].
Endophytic fungi can produce secondary
metabolites which are interesting topics for
drug discovery researchers. They offer
potential sources of novel natural products
for exploitation in medicine, agriculture and
the pharmaceutical industry [9].

Some studies proved secondary metabolites
of endophytic fungi potential against
bacterial growth [10-11] [12,13]. Secondary
metabolites such as alkaloids, terpenoids,
flavonoids, polyphenols, etc., isolated from
endophytic fungi, are reported to have
various activities such as antifungal [14],
antiviral [15], anti-inflammatory & anti-
cancer [16], anti-malarial [17], and
antibacterial [18, 19-20, 21, 22].

Many endophytic fungi have been identified
from different plants belonging to Piperaceae
which have reported for their antimicrobial
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and antioxidant activity. Endophytic fungi of
Piper betle, Piper longum, Piper nigrum has
shown antimicrobial such as antifungal and
antibacterial [23, 24], while Piper longum,
Piper nigrum gave strong antioxidant
activity [24]. But the activity of endophytic
fungi from P. retrofractum hasn’t explored
before. Based on these problems, this study is
aimed to isolate endophytic fungi from P.
retrofractum, phytochemical screening in the
fermented extract of P. retrofractum
endophytic fungi and determine for their
antibacterial and antioxidant activities.

Materials and Methods
Collection Plant

P. retrofractum was collected from Jember
Regency, East dJava, Indonesia. Fresh
samples were brought to the laboratory in a
sterile bag and processed several hours after
sampling. Fruits and leaves from P.
retrofractum were used in this research.

Isolation and Characterization of

Endophytic Fungi

The fruits and leaves were washed in
running tap water and surface sterilized
using 70% ethanol (1 minute), 1% NaOCI (3
minutes), 70% ethanol (1 minute) and rinsed
three times in sterile distilled [25]. All the
steps were carried out under LAF and each
step change, the sample was dried using
sterile paper. After the surface sterilization,
the samples were cut into 1-2 cm placed on
solid potato dextrose agar (PDA) medium and
incubated at 25°C for 5-7 days until the
endophytic fungi were grown.

Growing of the endophytic fungi colonies
fungi were put on new PDA medium to get
single and pure colonies. Characterization of
endophytic fungi from P. retrofractum was
analyzed by observing the morphology of
endophytic fungi both macroscopically and
microscopically. Macroscopically, the surface
color, pigmentation color, and type of fungal
growth were observed. Microscopic
observations were carried out with septa in
hyphae, conidia, and conidiophores.

Screening the Antibacterial Activity of
Endophytic Fungi

The screening of antibacterial activity was
determined by direct contact between the

endophytic  fungi’s isolate  from P.
retrofractum and Mueller Hinton Agar
(MHA) medium, that contains testing
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bacteria, including Staphylococcus aureus
and Pseudomonas aeruginosa and incubated
at 27°C for 20 hours. Antimicrobial activity
was determined by the presence of an
inhibition zone around the endophytic fungi’s
plug and was measured in millimeter (mm).

Fermentation and  Extraction of
Endophytic Fungi
Endophytic  fungi  isolated from  P.

retrofractum were fermented by inoculating
in 150 ml of Potato Dextrose Broth (PDB)
medium for 14 days at 25°C. This
fermentation is placed in a rotary shaker at
100 rpm. The Fermented endophytic fungi
supernatant was extracted with ethyl acetate
(1:1), 2 times partition.

Phytochemical Analysis of Endophytic
Fungi Fermented Extract

Phytochemical screening was analyzed by
using the TLC method to determine the
chemical content such as alkaloids,
flavonoids, and terpenoids [26]. The stain
appearance used to detect the presence of
alkaloids is dragendorf reagent. Terpenoids
determined by using anisaldehyde sulfuric
acid reagent, flavonoids determined by using
ammonia reagent [27].

Antibacterial Activity Assay

Antibacterial activity testing of the extract
was using the disc diffusion method with 10
ng gentamicin disc as a positive control and
10% DMSO as a negative control. The
concentration of extract was 1.0 mg/ml, 2.0
mg/ml, 4.0 mg/ml, 6.0 mg/ml and 8.0 mg/ml.
Tested bacterium that used in this study was
S. aureus (ATCC 27853) and P. aeruginosa
(ATCC 25923). The experiments were
repeated in triplicate were triplicate and the
result expressed as mean + sandard

deviation.

Antioxidant Activity Testing

Antioxidant activity was  tested by
determined the antioxidant capacity of
endophytic fungi using the DPPH method.
0.1 mg/ml and 0.25 mg/ml concentration of
endophytic fungi were measured with a
spectrophotometer at 517 nm after 30
minutes  incubation.  Absorbation  was
inserted into the regression equation of
trolox’s standard until received the value of
antioxidant capacity, which i1s expressed as
Trolox Equivalence Antioxidant Capacity
(TEAC) [28].
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Result and Discussion

Isolation and Characterization of
Endophytic Fungi from P. retrofractum

Seven endophytic fungi were isolated from P.
retrofractum which 4 endophytic fungi were
isolated from fruits that coded BPR-1, BPR-2,
BPR-3, and BPR-4, while 3 endophytic fungi
were isolated from the leaves that coded
DPR-1, DPR-2, and DPR-3. All the isolated
fungi were characterized by macroscopically
and microscopically.  BPR-1 isolate has
radial type mycelium growth, brownish
surface color, and brown pigmentation color.

Microscopically, BPR-1 has septa in hyphae,
non-branched conidiophores, yellowish
conidia that extends and attached to
conidiophores (Fig. 1A). BPR-2 isolate has
radial type mycelium growth, gray surface,
and white pigmentation. This fungus has
septa in hyphae, with non-branched
conidiophores, black and round conidia (Fig.
1B). BPR-3 isolate has radial type mycelium
growth, the surface is dark brown with white
spots above it and black pigmentation. BPR-3
has septa in hyphae, with branched
conidiophores. Its conidia are dark yellow,
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Fig. 1: Endophytic fungi of P.

elliptical and attached to the conidiophores
(Fig. 1C). BPR-4 isolate has radial type
mycelium growth, black surface and gray
pigmentation. BPR-3 has septa in hyphae,
branched conidiophore, white and oval
conidia (Fig. 1D). Macroscopically DPR-1
Isolate has concentric type mycelium growth,
yellow surface and light yellow pigmentation.
DPR-1 has septa in hyphae, with branched
conidiophores, gray and oval conidia (Fig.
2A). DPR-2 isolate has radial type mycelium
growth, white and smooth surface, white
pigmentation.

DPR-2 has septa in hyphae, with branched
conidiophores, white and oval conidia which
attached to conidiophores (Fig. 2B). DPR-3
isolate has radial type mycelium growth,
brown surfaces and black pigmentation.
DPR-3 has septa in hyphae, with branched
conidiophores, white and round conidia (Fig.
2C). Based on macroscopic and microscopic
analysis, 7 endophytic fungi isolated from
fruit and P. retrofractum leaves had different
characteristics. These results suggest that
isolated fungi have different species, but to
determine its species phylogenetic analysis is
needed.

retrofractum fruits
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Fig. 2: Endophytic fungi of P. retrofractum leaves

Screening the Antibacterial Activity of
Endophytic Fungi

The results of screening antibacterial activity
of endophytic fungi showed that all the
isolated fungi didn’t inhibit S. aureus and P.
aeruginosa bacteria (Table 1). There was no
inhibition of the endophytic fungi because the
tested fungi isolates were thought to haven’t

produced secondary metabolites or the
number of secondary metabolites produced
was not enough to inhibit bacterial growth.
To ensure the endophytic fungi produce
secondary metabolites that have
antibacterial activity, fermentation and
extraction processes were needed in all
isolated fungi.

Table 1: Antibacterial screening activity of P. retrofractum endophytic fungi

No Isolate Inhibition zone
S. aureus P. aeruginosa
1. BPR-1 ND —
2. BPR-2 ND =
3. BPR-3 ND =
4. BPR-4 ND 5
5. DPR-1 ND =
6. DPR2 ND 5
d DPR-3 ND 5

*ND: Not Detected

Phytochemical Analysis

Phytochemical analysis aims to determine
the secondary metabolites that produced by
endophytic fungi which are considered to
provide antibacterial activity. Their presence
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is an indicator that they can be exploited as
precursors in the development and
advancement of synthetic drugs. In the
current study, the phytochemical analysis of
extracts showed the presence of alkaloids,
terpenoids, and flavonoids (Table 2).
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Table 2: Phytochemical assay of P. retrofractum endophytic fungi

Isolate Assay
Alkaloids Terpenoids Flavonoids

BPR-1 - +

BPR-2 + + +

BPR-3 + + +

BPR-4 + +

DPR-1 + + +

DPR-2 + + +

DPR-3 + +
* (+): presence, (-): absent
Alkaloids are contained in BPR-2, BPR-3, 2.0 mg/mL concentration, then DPR-2
DPR-1 and DPR-2 extracts, while terpenoids inhibited the bacteria at 6.0 mg/ml
were contained in all the fermented fungus concentration. The highest antibacterial

extracts and also flavonoids were absent in
BPR-1 extracts. This result is in accordance
some research wherein the endophytes have
shown the presence of different
phytochemicals such as alkaloids, terpenoids,
flavonoids, and phenolic compounds are
known to possess strong antimicrobial and
antioxidant activities [10, 29, 30].

Antibacterial Activity Assay

Based on the antibacterial activity against S.
aureus (Table 3), BPR-1, BPR-2, BPR-4 and
DPR-1 extracts initially inhibited at the
lowest concentrations that used. While BPR-
3 and DPR-3 extracts initially inhibited at

Table 3: Diameter of S. aureus Inhibition Zone

activity against S. aureus was shown in the
DPR-1 extract which exhibited the largest
inhibition zone among the other fungi at the
lowest concentration. While at another
concentration this extract proved a relatively
large inhibition zone, compared the others.
Endophytic fungi extracts of BPR-2, BPR-3,
DPR-1, and DPR-3 reported antibacterial
activity against P. aeruginosa at the lowest
concentrations. While BPR-1, DPR-1, and
DPR-2 extract initially inhibited at 4.0 mg/ml
concentration. DPR-3 extract gave the
highest antibacterial activity against P.
aeruginosa (Table 4).

Diameter of Inhibition Zone (mm)

Isolate 1.0 mg/ml 2.0 mg/ml 4.0 mg/ml 6.0 mg/ml 8.0 mg/ml
BPR-1 7.00 £ 0.15 7.68 +0.12 7.90 +0.03 8.70 + 0.05 10.18 +0.27
BPR-2 7.20 £ 0.03 8.93 +0.04 10.38 £ 0.04 11.24 £ 0.01 13.28 £ 0.18
BPR-3 ND 8.25 +0.29 943+ 0.18 10.62 +0.07 11.91 +0.13
BPR-4 7.15 + 0.06 8.88 +0.12 10.35 3+ 0.09 11.73 + 051 12.6 +0.06
DPR-1 8.20 +0.07 10.39 4 0.08 12.93 £ 0.07 13.51 + 0.05 14.72 +0.14
DPR-2 ND ND ND 6.60 £ 0.17 13.64 £ 0.06
DPR-3 ND 8.35 +0.09 12.77 + 0.05 12.99 4 0.04 13.74 £ 0.01

*ND: Not Detected

* Diameter is expressed in mean i sandard deviation

Table 4: Diameter of P. aeruginosa Inhibition Zone
Isolate Diameter of Inhibition Zone (mm)

1.0 mg/ml 2.0 mg/ml 4.0 mg/ml 6.0 mg/ml 8.0 mg/ml

BPR-1 ND ND 7.47 £ 0.22 9.08 £ 0.13 10.38 £ 0.17
BPR-2 717+ 0.14 8.38 +0.08 10.39 + 0.1 11.73 + 0.03 13.36 £ 0.09
BPR-3 6.89 +0.75 7.88 £+ 0.09 8.43+0.12 9.37 £ 0.02 11.27 £ 0.40
BPR-4 ND ND 7.95+0.35 9.23+0.10 10.69 +0.16
DPR-1 7.05 +0.03 7.94 +0.05 9.35 +0.14 11.61 % 0.02 13.52 +0.07
DPR-2 ND ND 714+ 0.10 8.31+0.11 9.42 +0.26
DPR-3 8.48 £ 0.07 9.18 £ 0.08 11.28 £ 0.10 12.46 £ 0.07 13.66 £ 0.09

*ND: Not Detected

* Diameter is expressed in mean T sandard deviation

Based on the results, fermented extracts of

endophytic and DPR-1
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fungus

exhibited good antibacterial activity against
S. aureus and P. aeruginosa. These extracts
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gave the larger inhibition zone than others at
the lowest concentrations, and at other
concentrations, these extracts also showed a
large inhibition zone. DPR-1 extract reported
higher activity than BPR-2. These occur by
the differential of chemical content and
concentrations of chemical content contained
in the fungi. The chemical contents of both
extracts are same. They contain alkaloids,
terpenoids, and flavonoids compounds. So we
suggest, concentrations of chemical content
make them  have different activity.
Antibacterial activity against the tested
bacteria showed that endophytic fungi ethyl
acetate extract was more active in inhibiting
the growth of S. aureus than P. aeruginosa.

This can be seen from several extract test
concentrations which give a greater
inhibition diameter value for S. aureus.
Besides that gentamicin as a positive control
also gave a greater inhibition diameter of S.
aureus than P. aeruginosa. This activity was
higher for S. aureus than P. aeruginosa

Table 5: Antioxidant Capacity of Endophytic Fungi

according to the cell wall of the bacteria. The
structure of Gram-negative bacterial cell
walls is more complex than Gram-positive
bacteria [31]. Gram-negative bacteria have
cell walls consisting of 3 layers, namely, the
outer layer, the middle layer, and the inner
layer, while Gram-positive bacteria only have
a single layer on the cell wall. The more
complex structure of cell walls in Gram-
negative bacteria make it harder for
antibacterial compounds to enter cells and
find targets for the work [32]. Nevertheless,
it appears that some fungi have higher
activity against P. aeruginosa.

Antioxidant Activity Testing

Based on TEAC’s value which is identified in
0.1 mg/ml and 0.25 mg/ml concentrations
(Table 5), it showed that the antioxidant
capacity of endophytic fungi from highest to
lowest is DPR-1 > DPR-3 > BPR-2 > DPR-2 >
BPR-4 > BPR-3 > BPR-1. In other word, the
higher the TEAC’s value, it means the
antioxidant capacity will be greater.

Isolate TEAC (!'lmnl"{lgj
0.1 mg/ml 0.25 mg/ml

BPR-1 543.79 284.79

BPR-2 824.09 499.33

BPR-3 618.03 314.48

BPR-4 649.85 328.42

DPR-1 1175.61 935.09

DPR-2 696.82 493.27

DPR-3 971.06 514.48
Determined of antioxidant activity related to antioxidant. It’s all affected by their
polyphenols contents such as tannin and compounds contribution that commonly

flavonoid.  This result correlated to
phytochemical screening’s result of
endophytic fungi. Flavonoids were presented
in six fungi, except BPR-1 isolate.
Antioxidant activity can be influenced by
flavonoid contents [33,34]. Flavonoid 1is
oxidized by radicals, being radical is more
stable and less-reactive. Flavonoids react
with radical reactive compound to stabilize
the reactive oxygen species. It explains the
high reactivity of the hydroxyl group of the
flavonoids, radicals is made inactive [35].

In other hand, strong antioxidant capacity
also showed due to the presence of flavonoid
[34, 36]. Flavonoid contents are higher,
antioxidant activity will be better [28].
Moreover, antioxidant activity is caused by
alkaloid and terpenoid as well. These have a
role to inhibit some radicals [33, 37, 38].
Endophytic fungi present some biological
activities such as antibacterial and
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called secondary metabolite. Those secondary
metabolites are alkaloids, flavonoids and
terpenoids. Based on our research DPR-1
isolate has the highest antibacterial and
antioxidant activities. It may be caused by
their secondary metabolite that contains all
three compounds we had been screened
which are alkaloids, flavonoids and
terpenoids. Alkaloids had been explained to
have strong antibacterial activity by
transcription process and toxin production
inhibition [39, 40].

It also affects cell division & virulence genes,
respiratory & enzyme inhibition in bacteria
and disrupts bacterial membrane [41]. Some
alkaloids like Pyrrocidine A & B which
isolate from Acremonium zeae show
antibacterial activity [42]. Beside having
antibacterial  activity, alkaloids have
antioxidant activity as well. Alkaloids
contain NH functional group that showed
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antioxidant activity, donating their hydrogen
to DPPH [43]. Antioxidant activity is not only
influenced by alkaloid, but also flavonoids
and terpenoids. Some researchers prove
flavonoids exhibited potential antioxidant
activity [44]. Pestacin and isopestacin were
obtained from  Penicillium  microspore
reported having strong antioxidant activity.
Even the antioxidant activity of pestacin
isolated from Pestalotiopsis microspora shows
its ability 11 times higher than Trolox and
derivate of vitamin E [45]. Flavonoids also
demonstrated antibacterial activity. It
inhibited and interfered enzymes in
metabolism [46].

Endophytic fungi flavonoid compounds such
as pestacin and isopestacin showed
antibacterial activity too [30]. Fusarium
tricinctum endophytic fungi from Salicornia
bigelovii were isolated and they contain some
terpenoid compounds which 1s fusartricin,
fusarielin B and enniatin B. These
compounds 1s known to be able to inhibit
bacteria. It means that terpenoids contribute
to antibacterial activity [47]. Another side
terpenoids show antioxidant activity as
evidenced by Acremonium sp. compounds.
They reported that those compounds
exhibited strong antioxidant activity with an
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