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Abstract
Aim: The objective of this research was to investigate the endophytic fungi isolated from
gall rust sengon that produced some antimicrobial and antioxidant compounds.
Methods: Thirty-four endophytic fungus were isolated from gall rust sengon, screened and
evaluated their ability to produce antimicrobial and antioxidant compounds.
Results: Antimicrobial activities were found in at least one or more pathogenic microbial
(bacteria and fungi) tested. The inhibitions of Bacillus subtilis were detected at 5-46 mm
and 24-82 mm for methanol and ethyl acetate extracts subsequently. While, the inhibitions
of Pseudomonas aeruginosa were 10-63 mm for methanol extract; 39-103 mm for ethyl
acetate extract and 10-65 mm for n-hexane extract. Antifungal activity against fusarium sp
was showed by the inhibition growth of 14%, 60% and 4.5% for methanol, ethyl acetate
and n-hexane extracts, respectively. While, these activity against Schlerotium sp was
showed by the growth inhibition of 18.6%, 8.9% and 20.3% for methanol, ethyl acetate and
n-hexane extracts, respectively. Antioxidant activity of methanol and ethyl acetate extracts
of fungal culture showed the (DPPH) radical inhibition activity as 44.92% for methanol
and 71.48% for ethyl acetate extract. Meanwhile, n-hexane extract showed only 28.69% of
inhibition for DPPH radicals.
Conclusion: Endophytic fungi isolated from gall rust sengon were potential for producing
antimicrobial and antioxidant compounds from its culture.
Keywords: Antimicrobial, antioxidant, endophyte, falcataria moluccana, fungi, gall rust

INTRODUCTION

The rust fungi Uromycladium Tepperianum often attacks sengon and produces gall rust in
the attacked plant. These fungi are mostly obligate parasites which requires a living host to
grow [1,2], secretes hormones that stimulate excessive cell formation which causes abnormal
growth like a tumor [3], and attacked from seeds, young plants to stands in the field. Tumor
rust disease in sengon showed typical symptoms, namely hyperplasia (more growth) in the
affected part of the plant. Symptoms of the disease is started by formation of local swelling
(tumefaksi) in the affected part of the plant, and eventually, turns into lumps which then
becomes small nodules or called gall. Galls that arises from the infected plant has varying
shapes ranging from round to irregular with diameters range from a few millimetres to greater
than 10 cm. The gall can be a group or spread to the affected part [4].

Gall in sengon plants is suspected to have endophytic microbes as a form of defence of
singing plants against Uromycladium Tepperianum attack. The secondary metabolites
produced by endophytic microbes have potential to stimulate plant growth or provides
defence against plant pathogens, also become active compounds whose activity and benefits
are similar to those of their host plants, such as antioxidant and antimicrobial compounds.
The results of several study prove that extraction of endophytic fungal culture produces
bioactive compounds with potential use for drugs, agriculture, and modern industry.
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Antibiotic, antimitotic, immunosuppressant and anti-cancer compounds are some examples of
compounds that have been extracted from culture of endophytic fungal broth with some
organic solvent [5].

Endophytic microbes are microbes that live in plant tissues without causing disease
symptoms in plants and can be isolated from the tissues. Endophytic microbes can live in
parts of plants such as roots, stems, leaves, and fruit. Plant tissues colonized by endophytic
microbe provide nutrients for endophytic fungi and on the contrary, the endophytic fungi
serve protection for their host plants [6]. Each plant contains several endophytic microbes
that are capable in producing secondary metabolites which are similar to their host plants that
are thought to be due to coevolution or genetic transfer (genetic recombination) from their
host plants into endophytic microbes [7]. The ability of endophytic microbes to produce
secondary metabolites in accordance with their host plants is a very large opportunity and can
be relied upon to produce secondary metabolites from endophytic microbes isolated from the
host plant. Of the approximately 300,000 types of plants scattered on this earth, each plant
contains one or more endophytic microbes consisting of bacteria and fungi [5]. Various types
of endophytes have been isolated from their host plants, and successfully cultured in suitable
medium.

Likewise, secondary metabolites produced by endophytic microbes have been isolated and
purified and their molecular structures have been elucidated. Some of them are: (1)
Endophytic microbes that produce broad-spectrum antibiotics called munumbicin, which are
produced by endophytic Streptomyces spp. NRRL 30562 strain isolated from Kennedia
nigriscans can inhibit the growth of Bacillus anthracis and multiresistant Mycobacterium
tuberculosis against various anti-tuberculosis drugs [8]. Other endophytes that also produced
broad-spectrum antibiotics are endophytic microbes isolated from the Grevillea pteridifolia
produced kakadumycin which has antibacterial activity same as munumbicin D, and also
efficacious as anti-malaria [9]. (2) Endophytes that produced antioxidants Pestacin and
isopestacin, which are secondary metabolites produced by Pestalotiopsis microspora
endophytes. Endophytes were successfully isolated from Terminalia morobensis, which
grows in Papua New Guinea. Both pestacin and isopestacin are efficacious as antioxidants,
where this activity was thought to be due to its molecular structure similar to flavonoids [10].

Schulz [11] states that almost 80% of endophytic fungi produced metabolites that function as
antibacterial compounds, natural fungicides and herbicides. Pestacin and isopestacin are
secondary metabolites produced by endophytic fungi P microspora isolated from Terminalia
morobensis, which grows in Papua New Guinea and uses as an antioxidant [5]. Endophytic
fungi produces metabolites which function as antibiotics (antifungal/antibacterial), antiviral,
anticancer, antidiabetic, antimalarial, antioxidant, antiimunosupressive [5] growth regulating
substances [7] and hydrolytic enzymes such as amylase, cellulose, xylanase, ligninase,
chitinase [12].

Chemotherapeutic compounds, called antimicrobial compounds wused to eradicate
microorganisms that cause infection in humans, animals and plants must be selective in their
toxicity. It means that they must be toxic to microorganisms but relatively non-toxic to the
host body [13]. Antibacterial and antifungal are included in antimicrobial. Antibacterial is a
substance that inhibited bacterial growth and used generally to treat the infections.
Antibacterial are classified into two groups, namely bactericidal (kills bacterial cells but do
not cause lysis/rupture the cells) and bacteriostatic (inhibits the bacterial growth but do not
kill them) [14]. Antifungal compounds are used for the treatment of infectious diseases
caused by fungi). Antifungal has two meanings, namely fungicidal (kills the fungi) and fungi
static (inhibits the fungi growth without killing them). Antimicrobial activity is influenced by
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environmental factors, such as concentration or intensity of antimicrobial substances,
temperature, number and species of microorganisms, the presence of organic matter and pH.
Based on the mechanism of action, antimicrobial is divided into five groups [15], namely: (1)
Antimicrobial that interferes the microbial cell metabolism, for example sulphonamides, p-
amino salicylic acids (PAS) and sulfone; (2) Antimicrobial that inhibits microbial cell
membrane synthesis, for example penicillin, cephalosporin, bacitracin, vancomycin and
cycloserine; (3) Antimicrobials that interferes the microbial cell membrane permeability, for
example polymyxin; (4) Antimicrobial that inhibits the microbial cell protein synthesis, for
example tetracycline and chloramphenicol; (5) Antimicrobial that inhibits the synthesis or
affects the microbial cell nucleic acids, for example rifampicin.

The world development of health and medicine are starting to look for and utilize the natural
ingredients. The study of the resources of bioactive compounds was continuously carried out
along with the increasing number of new diseases, ranging from infectious diseases caused by
microorganisms, cancer, and several other degenerative diseases. Bioactive compounds can
be obtained from several sources, including plants, animals and microorganisms. The new
paradigm in the world of modern medicine has a tendency to return to the concept of back to
nature, namely to utilize the natural ingredients optimally in order to maintain health and
treatment [16]. Until now, there is no publication found regarding to the isolation and the
testing of active compounds produced by gall rust tumor in sengon plants.

Studies on endophytic microbes from gall rust tumor in sengon are required to determine the
potential metabolites produced by endophytic fungi, especially to be developed as an
alternative for new antimicrobial and antioxidant compounds. Many studies had been
reported on the potential of endophytic fungi in producing bioactive compounds from various
plants. Furthermore, there have never been reported the presence of endophytic microbes
from gall rust tumors in sengon which are attacked by Uromycladium tepperianum fungi
especially for the bioactive metabolite. Therefore, it is necessary to conduct the research
including isolation and identification of endophytic microbes in order to explore the potential
of their metabolites in producing bioactive compounds for the antimicrobial and antioxidant
activities.

MATERIALS AND METHODS

Materials

The study was conducted in the microbiology laboratory of the ITB Bioscience and
Biotechnology Research Center, and held from January - October 2018. The materials used in
this study was a gall rust tumor from the sengon plant obtained from ITB campus, Jatinangor.
Other materials used were Nutrient Agar (NA), Nutrient Broth (NB), Potato Dextro Agar
(PDA), Potato Dextrose Broth (PDB), gram-positive bacteria (Bacillus sp.), gram-negative
bacteria (Pseudomonas sp.), phytopathogenic fungi of Fusarium sp and Schloerotium sp.
Organic solvents used in this research were n-hexane, ethyl acetate and methanol. DPPH was
used for antioxidant activity test.

Isolation of Endophytic Fungi

Endophytic fungi were isolated from gall rust tumor from sengon plant. Gall was cut
approximately 1 cm long and rinsed with distilled water for surface sterilization and then
sequentially washed with 70% of ethanol (1 minute), 5.25% of sodium hypochlorite (15
minutes) and rinsed again with 70% of ethanol for 1 minute followed by rinsing with sterile
aquadest for three times. Gall was cut in the middle and then placed on PDA medium which
had been added with antibiotics (200 pg of chloramphenicol) and then incubated at 28°+1°C
(room temperature) for about 1-3 weeks. The mycelium derived from the sample specimens
was purified and cultured under the same conditions [17].

JPSR-November(S)2018 158



Noor Rahmawati et al ISPST 2018 ISSN: 0975-1459

Fermentation and Extraction of Endophytic Fungi

The fungal endophytes were cultivated on PDB by placing 4 agar blocks of pure culture (10
mm in diameter) of actively growing culture in 250 mL of Erlenmeyer flasks containing 100
mL of the medium. The flasks were incubated in static condition for 1 weeks at 27+1°C. The
culture was filtered through filter paper to remove the mycelial mats. The liquid broth was
collected and extracted with equal volume of n-hexane, ethyl acetate and methanol in a
separating funnel by vigorous shaking for one hour. The cell mass was separated and weight
to obtain weight of mycelium. The solvent was evaporated and the resultant compound was
dried with MgSO,4 and concentrated to yield the crude extracts. The crude extracts were then
dissolved in methanol for antimicrobial bioassay and antioxidant test [17].

Antioxidants Activity Test (2,2-Diphenyl-1-pikrilhidrazil (DPPH) Scavenging Tests)
DPPH radical scavenging test was carried out as described by Miliauskas et al. (2004) with
some modifications. The samples of extracts (300 pL) at different concentrations was added
to 250 uL DPPH (1 mM). After reacting for 30 minutes, the absorbance of samples was read
at 517 nm. The DPPH radical scavenging was calculated using the following equation: DPPH
radical scavenging (%) = [(Al - A2) / Al] x 100 where Al is the absorbance of the control
(containing all the reagents except sample extract), and A2 is the absorbance of reagent and
the sample extract [17].

Antimicrobial bioassay

N-hexane, ethyl acetate and methanol extracts from endophytic fungal culture were
individually tested against panels of disease-causing microorganisms including gram-positive
bacteria (Bacillus subtillis) and gram-negative bacteria (Pseudomonas sp). Tests were also
carried out on phytopathogenic fungi (Fusarium sp and Schlerotium sp). The inhibitory effect
of extracts obtained from endophytic fungal culture on phytopagenic bacteria and fungi was
tested by paper disc method. Disc paper (10 mm in diameter) was dipped in a solution of
endophytic microbial culture extract with a concentration of 10 mg / mL (dry residue /volume
of methanol), then dried and placed on PDA medium which had been applied to the fungi or
NA medium for bacteria to be tested. The amount of inhibitory activity of endophytic fungi
culture extracts against pathogenic microbes was assessed by measuring the diameter (in mm)
of the zone of inhibition relative to positive and negative controls. Chloramphenicol was used
as a positive control in treatment with pathogenic bacteria, while for negative controls
methanol was used. For treatment with pathogenic fungi, antifungal drugs were used as
positive control and methanol as a negative control. Four-disc paper replications were used
on each petri disk. Petri disks that had been inoculated with fungi and bacteria were incubated
at 27° C for 24 hours for clinical bacterial strains, and 96 hours for filament fungi.
Antimicrobial activity was evaluated by measuring the clear zone of the test organism. Each
test in this experiment was repeated three times.

RESULTS AND DISCUSSION

In this study, 34 of endophytic fungi were successfully isolated from gall rust sengon.
These isolates obtained from gall rust sengon were vary based on macroscopic performance
like mycelium, color of pigmented media and color of mycelium. Some of endophytic
fungal pictures were displayed at Figure 1 below. The molecular identification of that fungi
will be held in the next experiment. Endophytic fungi are microorganisms living inside
plants and are considered a promising source of novel and natural biologically active
compounds [5]. Endophytic fungi could be found in every plant, because no studies had
shown the presence of plant species without endophytes. High species diversity is another
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characteristic of endophytic microbes. The large number of isolates of endophytic fungi that
can be isolated from gall rust sengon reinforce the results of [5] studies suggesting that all
plants found are harbors of some endophytic fungi. All endophytic fungi have many
different functions for plants as a consequence of mutualistic symbiosis between endophytic
fungi and plants. The abundance of the composition of the endophytic fungi community
was strongly influenced by environmental factors (temperature and humidity), chemical
variation, anatomy and maturity of the colonized host organ.

How the endophytic fungus could enter the host plant without causing the disease
symptoms, could be explained by Sieber [18], who explained that the initial step of
endophytic fungi went into the host plant was through recognition, germination and
penetration. A similar process was also experienced by infections of plant pathogenic fungi.
Along the path of the process, endophytic fungi must overcome the defence mechanism of
the plant. Spores of fungi often recognized host plants through molecules such as lectins.
After germination, the fungus would penetrate into the plant tissue by softening the cuticle
and epidermal cell wall or damaging the cuticle with mechanical strength. Once the fungus
could penetrate into the plant tissue, and it would change to a latent state, the host's defence
mechanisms were no longer activated. This phenomenon was explained by the Gene-for-
Gene (GFG) model, in which the avirulence genes (AVR) of the endophytes were encoded
into an elicitor and recognized by the product of the resistance gene (R) of the host plant as
well as the hypersensitive reaction of the host plant and then the serenity the next occurs
through the signal transduction path. Instead, in pathogenic fungi did not contain the AVR
gene, thus product R was not produced and symptoms of the disease would develop [18].
The interaction of endophytic fungi with host plants resulted in a compromise between
mutualism and antagonism to create a harmonious symbiotic system. Plants could limit the
growth of endophytes, and thus endophytes could use various mechanisms to survive.
Endophytes not only described some plant metabolites with ecto enzyme to take important
nutrients and energy to survive, but also produce beneficial compounds and /or support or
promote the growth of host plants to achieve a balanced environment [18].

Isolation of Endophytic fungi

Gall rust sengon edophytic fungi from gall Rust sengon

Figure 1: Endophytic fungi isolated from gall rust sengon

The Growth of Fungi

To know the growth of endophytic fungi isolated from gall rust sengon, measurement of
radial diameter and weight of mycelium (Gravimetric) were held in every isolate. The radial
diameter of fungi that grown in PDA in petri disk was presented at Figure 2, and the weight
of mycelium of endophytic fungi grown in PDB medium was displayed at Figure 3.

The fungal growth can be observed in 2 different way like measurement of radial diameter
and gravimetric method by weighing of mycelium. The growth rate of mycelium could be
calculated by measuring the diameter of mycelium for 9 days or until all petri disk were
covered by mycelium. Based on Figure 1, it showed that 79% of isolated fungi could grow
fast, and rest of them grow slowly. The highest radial diameter of endophytic fungi was reach
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at 8.7 cm for 9 days growing for isolate B3.3.d1. The other fast growth fungi were reached at

diameter 8.4 cm for isolate B11b and B12c (Figure 2).

=
o

£
2
g 5
[}
S
S
[a]

0

HO H3 H4 H5 H6 H7 H8 H9
@ B11a e B1. 10 BL1C Bl.2a @ B1,2.B @ B1.2C
g B1.2D — g B1.3 A — e B1.3 b(1) @— B1.3b(2) Bl3.c —— B1.3d
— e B2.1 B2.3a B2,3b (1) B23b(2) B3.1A(1) B3.1AQ2)
@ B3.1h @ B3.1C1 — @ B3.1.C2(1) B3.1C2(2) B3.1d —— B3.22
B328B B32c B3.2d B3.3a(1) B33a(2) B3.3B (1)

— g B3.38(2) e B33C @ 533 D1(1) e B3.3D1(2)

Figure 2: The radial diameter of endophytic fungi from gall rust sengon
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Figure 3: The weight of mycelium endophytic fungi cultured in PDB medium

The isolated of endophytic fungi were also grown on PDB medium (pH 5.5), temperature 28
+ 2°C, static condition for 7 days to determine mycelium growth. Dry weight of mycelium
was used as a parameter of endophytic fungal growth. The growth of the mycelium of
endophytic fungi during 7 days fermentation could be seen in Figure 3. The weight of
mycelium of endophytic fungi of gall rust on PDB medium reached average 1.5 g of dry
weight, although 2 isolates of them B3.2b and B33(d1) reached almost 2 times (0.32 g). This
data showed that the endophytic fungi isolated from gall rust could grow well in the PDB

medium, so hopefully they also produced secondary metabolite well.

Production of Antioxidant Compounds from Endophytic Fungi Culture

The production of secondary metabolites in fungi can be affected by medium composition,
pH, temperature, agitation and lighting [19]. Factors affecting secondary metabolite
production in fungi are geographical factors, dehydration, lighting, drought, growth
medium, nutrient availability, pH, genes expression and carbon sources. According to
Deduke, et al (2012), Environmental factors that affect secondary metabolite production
such as aflatoxin production in aspergillus fungi are pH, carbon and nitrogen source [20].
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While, Agusta (2009) stated that suitable environmental conditions are needed for the
occurrence of the sporulation process and also a determinant of the formation of secondary
metabolites [21]. Factors such as differences in carbon and nitrogen sources, pH,
temperature, and concentration of salt may affect the secretion of metabolite compounds.

To determine the production of antioxidant compounds during the growth period of the
endophytic fungus, a dry weight measurement of extracts from 3 solvents was used (polar
solvent was represented by methanol, semi-polar solvent by ethyl acetate and non-polar
solvent by n-hexane) to obtain the extract from endophytic fungi isolated from gall rust
sengon. Fungal culture was extracted by using various solvents i.e. methanol, ethyl acetate
and n hexane. The three solvents used represent a polar, semi polar and non-polar solvent.
The use of these three solvents was intended to be more in knowing the production of
antioxidant compounds during the growth period of endophytic fungi and the ability of each
extract to inhibit the DPPH radicals.

2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40

0.20
0.00Il.,I.II-.l.-_.IIIIII-

Weight of extract (g)

NI PR IO TS TS SN SRS SRS SRS TS TS SIS S
S Y & & oY oY ot ,go\ Y 0 0N ,);o\ o~
QI T T T T QT
B Methanol Ethyl acetat M n hexana

Figure 3: The weight of extract from culture of endophytic fungi

On the medium of PDB, the maximum production of methanol extract was occurred at 1.82
g, ethyl acetate was 0.52 g and n-hexane was 0.18 g. The average of extract produced in
methanol was 1.30 g, ethyl acetate was 0.20 g and n-hexane was 0.07 g. (Figure 3).
Extraction performed was the process of culture media extraction using methanol solvent
(polar), ethyl acetate (semi polar) and n hexane (non-polar). Ethyl acetate solvent was used as
it had medium polarity so that it could dissolve polar and non-polar active compounds. The
methanol solvent was a polar solvent which could dissolve almost all organic compounds,
even polar, semi polar and non-polar. So, the production of antioxidant compound from
methanol extract was the highest comparing to ethyl acetate and n-hexane solvent.
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Ethyl acetate solvents were commonly used in extracting endophytic fungal cultures. It was
semi polar solvent, so it could extract the components contained in the fungal culture. Ethyl
acetate is a solvent with medium polarity. Among the 3 solvents used, the n hexane solvent
was only capable in extracting the compound by the smallest amount. The extraction of
endophytic fungal cultures using n-hexane produced the least amount comparing to
methanol and ethyl acetate solvents. The highest extraction using n-hexane yielded an
extract of 0.18 g and the average production was 0.07 g.

Antimicrobial

Determination of antimicrobial activity in vitro could be classified in two ways, namely (1)
diffusion method, using discs, cylinders or basins as a place of antibiotics, (2) tube method.
Of the two methods that are often used for antimicrobial testing was diffusion method. This
method was carried out on the basis of the diffusion process inside the agar, the antimicrobial
substance was placed on the agar medium which has been inoculated with the test bacteria so
that the antibacterial in the media will diffuse and will form a clear zone around the substance
which inhibited growth zone [15].

Antibacterial

All the endophytic fungi of the gall rust sengon were fermented at PDB medium and the
crude methanol, ethyl acetate and n-hexane extracts were tested for the antimicrobial activity.
Antimicrobial activity of the methanol, ethyl acetate and n-hexane extracts of the fungal
fermentation broth at a concentration of 10 mg/mL was conducted by way of agar diffusion
method against a panel of target pathogenic microorganisms, including gram-positive
(Bacillus subtilis), gram-negative bacteria (Pseudomonas sp.), and phytopatogenic fungi:
Fusarium sp. and Schlerotium sp. Methanol was used as negative control, while
chloramphenicol (100 pg/disk) and fluconazole (25 pg/disk) as positive control, were used as
standard antibacterial and antifungal agents, respectively. Inhibition zones in diameter were
measured to assess antimicrobial activity. Each inhibitory experiment was replicated three
times.

Table 1. Antibacterial Activity of Extract Culture of Endophytic Fungi

No Isolates Bacillus subtillis Pseudomonas sp
Methanol Ethylacetate N Hexane Methanol Ethyl Acetate N Hexane

1 Blla 1.19 3.63 0.8 2.13 4.38 1.00
2 Bllb 0.00 3.00 0.5 1.50 5.38 1.50
3 Bllc 1.06 2.38 1.0 3.67 8.75 1.25
4 Bl2a 0.00 4.38 1.2 1.25 5.81 1.19
5 Bl2b 0.00 6.19 1.0 1.17 6.06 2.56
6 Bl2c 0.50 6.50 0.9 1.00 8.19 1.25
7 Bl2d 0.00 3.94 0.5 1.50 5.13 1.20
8 Bl3a 0.00 6.19 0.6 1.00 10.31 1.31
9 B13b(1) 0.00 2.94 0.7 3.38 5.66 2.75
10 B1.3b(2) 2.67 7.94 0.8 2.00 4.56 1.00
11 Bl.3c 0.00 2.81 0.9 2.50 4,94 1.50
12 B1.3d 1.38 5.44 0.6 2.60 6.75 1.30
13 B21 1.88 2.81 0.5 1.58 8.75 1.40
14 B2.3a 1.50 3.94 0.7 1.17 5.69 1.30
15 B23b(1) 0.00 3.31 0.8 5.69 4.69 1.90
16 B23b(2 0.00 3.88 0.9 2.00 9.00 1.00
17 B3.la(l) 0.66 4.78 0.4 1.25 7.13 1.25
18 B.3.1.a(2) 0.50 3.13 0.3 1.38 7.75 1.25
19 B3.1b 1.00 8.19 0.6 2.42 5.06 1.38
20 B3.1cl 0.66 3.06 0.6 2.00 5.13 1.70
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21 B3.1.c2(1) 4.58 3.13 0.8 1.00 6.00 1.17
22 B3.1c2(2) 3.83 3.94 0.7 1.00 7.00 2.00
23 B3.1d 0.00 4.00 05 3.25 6.13 2.25
24 B3.2a 0.00 3.25 0.6 1.25 7.19 2.20
25 B32b 1.50 7.50 0.5 6.25 5.06 6.50
26 B3.2c 4.38 5.44 0.4 2.88 4.56 2.20
27 B3.2d 2.08 4.50 0.7 1.69 3.91 2.00
28 B3.3a(1) 0.96 3.69 05 1.33 8.69 2.13
29 B33a(?) 231 7.31 0.8 3.83 4.63 2.42
30 B33Db(1) 0.50 5.69 0.4 1.08 6.56 1.25
31 B3.3b(2) 1.25 8.19 0.6 5.00 7.00 2.00
32 B33c 181 6.31 0.4 3.58 5.81 1.00
33 B3.3d1(1) 1.17 2.69 0.7 5.25 4.28 1.25
34 B3.3d1(2) 1.81 3.06 0.5 1.75 8.00 2.17

Endophytic fungi living asymptomatically in plant tissues have also been recognized as a repository
of novel secondary metabolites for potential therapeutic use. In this study.we have demonstrated that
crude extracts from the culture broth of endophytic fungi grown aerobically on PDB medium
displayed considerable antimicrobial activity against a panel of microbe tested. Ethyl acetate extract
from endophytic fungi culture tested on Basillus subtillis and Pseudomonas sp. showed the highest
antibacterial inhibition compared to methanol extract and hexane extract. This phenomenon can be
seen in testing with both Basillus subtillis and Pseudomonas sp.

When the extract was tested with Basillus subtillis. the highest inhibitory zone was obtained on ethyl
acetate extract from B3.1b isolates and B3.3 b (2) isolates of 9.19 mm. while when tested with
Pseudomonas sp.. the highest inhibitory zone was reached by ethyl acetate extract from isolate B.2.3.b
(2) of 9 mm followed by methanol extract from isolate B.3.2b of 6.25 mm and n hexane extract from
isolate B.33.2.b with inhibitory zone amount of 6.50 mm. Out of 34 endophytic isolates. 12 strains
(35%) showed antimicrobial activity inhibiting gram positive bacteria (Bacillus subtillis) in diameter
> 5mm. meanwhile. ethyl acetate extract of endophytic fungi  showed inhibition towards
Pseudomonas sp. > 5 mm that were reached by 26 strains from 34 strains isolated (75%). When
tested with Basillus sp.. the highest inhibitory zone was obtained by ethyl acetate extract from B3.1b
isolates and B3.3 b (2) isolates of 9.19 mm. while when tested with Pseudomonas sp. the highest
inhibitory capacity was reached by ethyl acetate extract from isolate B.2.3.b (2) of 9 mm followed by
methanol extract from isolate B.3.2b of 6.25 mm and n hexane extract from isolate B.33.2.b with
inhibition amount of 6.50 mm. (Table 1). Antibacterial activity ethyl acetate extract of gall rust
sengon reached diameter 11.3 mm [22]. slightly bigger than that comparing from endophytic from
gall rust. Endophytic fungi from twigs and leaves of Surian (Toona Sinensis Roem) also had potential
as antibacterial [23].

Antifungal

The effect of fungal culture extracts againts growth inhibition of phytopatogenic fungi,
Fusarium sp and Schlerotium sp were measured to know the ability of the extract as
antifungal compounds. When the extracts were applied to phytopatogenic fungi like a
Fusarium sp and Sclerotium sp, they showed different character.
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Figure 4. Growth Inhibition of Fusarium sp By Methanol Extract (A) and Ethyl
Acetate Extract (B)
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Figure 5: Growth inhibition of Fusarium sp. (A) and Schlerotium sp. (B)
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Figure 6: Growth inhibition of Schlerotium sp. by ethyl acetate and n-hexane extracts

An ethyl acetate extract of endophytic fungal culture could inhibit the growth of Fusarium Sp at
33.8%, meanwhile, methanol extract and n hexane extract could only inhibit 24.7% and 29%
respectively. Based on these data, methanol extract of fungal culture could not inhibit the growth of
phytopatogenic fungi of Schlerotium sp, in the initial time, but after reaching day 4, there was a slight
growth inhibition until 20%. Meanwhile, the ethyl acetate extracs, could inhibit the growth of
Schlerotium sp until 25% at Day 2 and keep decreasing at Day 3 and Day 4. The n hexane extracts
showed the similar characteristic with ethyl acetate extracts. They can inhibited the growth of
Schlerotium sp at 25% at Day 2. The growth inhibition of Schlerotium sp by extract of endophytic
fungal culture was smaller than the growth inhibition of Fusarium sp. This phenomenon was
happened in accordance with the fast growth of Schlerotium sp comparing to Fusarium sp.
Meanwhile. crude extract of endophytic fungi isolated from twigs and leaves of Surian also could not
inhibited the growth of phytopatogenic fungi Fusarium sp and Schlerotium sp [23]. This result was
different from the result of methanol extract of gall rust itself that inhibited the growth of Fusarium
sp. until 76.14% [22].

Antioxidant

The DPPH (diphenilpycrylhydrazil) method was commonly used to test antioxidant
activity. The methode is easy, fast, sensitive and requires only a small of sample extract.
DPPH compounds are free radicals that are stable and active by delocalizing free electrons in
a molecule so that the molecule is not reactive as other free radicals. This delocalisation
process is indicated by the presence of concentrated violet which can be characterized in
absorbance bands in ethanol solvents at a wavelength of 517 nm [24]. DPPH solution which
acts as a free radical will react with antioxidant compounds, so that DPPH will turn into
diphenil-pycrilhydrazine which is non-radical. The parameters used for interpreting the test
results are generally made in the form of Concentration sy (ICs). which is defined as the
concentration of the substrate solution or sample which reduce DPPH activity by 50%. The
greater the 1Csp value. the smaller the value of antioxidant activity. A good antioxidant
compound is reached if the 1Csp value is getting smaller. Antioxidant compounds are said to
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be very strong if they have ICsy values of less than 0.05 mg / ml. strong for ICso between
0.05-0.10 mg / ml. moderate for 1Csy between 0.10-0.15 mg / ml and weak if 1Csg is worth
between 0.150-0.20 mg /ml [24].
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Figure 7: Antioxidant activity of extract culture of Endophytic Fungi

Thirty-four isolates were succesfully isolated from the gall rust sengon. To our knowledge.
this is the first report concerning of research about endophytic fungi isolated from gall rust
sengon.  These fungus were screened for antioxidant activity to know the potentcy of the
fungus to produce antioxidant compound that inhibited free radicals. The methanol extracts
of fungal culture could inhibit DPPH radical by 45 %, meanwhile, ethyl acetate extract of
fungal culture inhibited 71.5 % and n hexane extract inhibited 28%. Among these isolates,
isolate B11c showed good antioxidant activity with DPPH radical inhibition as many as
71.5%, when its culture were extracted with ethyl acetate.at 7 days fermentation in static
condition. (Figure 7). Screening endophytic fungi from Surian also resulted several isolate
that potential to produce antioxidant compound, like endophytic fungi isolated from stem
[25] and from twigs and leaves of surian [23]. Methanol, ethyl acetate, and n hexane extract
from bark and stem of sengon. and gall rust sengon had hight antioxidant activity [22. 26].

Secondary metabolites from endophytic fungi could play a role in plant defence and some to
have pharmaceutical potential. Antioxidant efficacy cannot be comprehensively predicted
with only a single antioxidant assay. but the DPPH assay was one of the most commonly
methods used to evaluate free radical scavenging activity. DPPH is a stable radical that
produces a purple solution in methanol. The antioxidant activity in this study was measured
by the discoloration purple to yellow as the stable molecule of 2.2-diphenyl-1-hydrazine
was formed. Antioxidant compounds can scavenge the radicals by donating their hydrogen
[27]. and the hydroxyl group of the isolated compounds may play a role in the activity.
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In the DPPH radical scavenging assay, antioxidants compounds donate an electron or
hydrogen radical to the DPPH radical to become a stable molecule causing discoloration of
the DPPH radical. [28] Endophytic fungi from E. sylvestris. Pseudocercospora sp. ESL 02
showed the highest antioxidant activity with the antioxidant compound Terreic acid (1) and
6-methylsalicylic acid (2). with terreic acid having strong antioxidant activity. This study also
complements the study of the antioxidant potency of E. sylvestris as the host plant of the
fungus [29].

Ethyl acetate extract of endophytic fungal culture Aspergilus. niger and Alternaria.
alternate isolated from different organs of Tabebuia argentea showed an antioxidant
capacity of 4.29-5.28 umol/L and total phenol of 2.5-2.6 mg/100 mL cultures equivalent to
the highest phenolic acid of endophytic fungal cultures [30]. Crude extracts of endophytic
fungi alternaria alternate. also showed antioxidant activity. Analysis of 292 endophytic
fungi isolated from 29 traditional Chinese herbs showed that the antioxidant capacity of
endophytic fungal cultures was significantly correlated with the total phenol [31].

In addition to the extensive research on bioactive compounds from plants, research on the
biodiversity of fungal endophytes had also received much attention. Endophytic fungi may
also produce other general secondary metabolites. such as altersolanol derivative produced by
Nigrospora oryzae isolated from the leaves of Combretum dolichopetalum [32]. and
adenosine. which exhibited potential 1.1-diphenyl-2-picrylhydrazyl (DPPH) radical
scavenging activities. was isolated from Penicillium sp. YY-20, an endophytic fungus
isolated from Ginkgo biloba [33] In the present study. the endophytic fungi from E. sylvestris
were isolated and evaluated for their antioxidant potency. Furthermore. secondary
metabolites having antioxidant activity were isolated and identified from the fungus that
exhibited the highest antioxidant potency. This study can complement the research on the
antioxidant potency of E. sylvestris as the host plant of the endophytes[29].

CONCLUSION

As many as 34 isolates of endophytic fungus were succesfully isolatated from gall rust
sengon. Every isolate was distinguished by differences of macroscopic morphological by
looking at the color of mycelium colony and the change of medium color caused by the
pigment. Screening of antimicrobial activity against gram positif bacteria (Basillus subtillis);
gram negatif bacteria (Pseudomonas sp) and 2 phytopatogenic fungi ( Fusarium sp and
Schlerotium sp) resulted several isolate that potential on producing antimicrobial compounds.
Crude extract of endophytic fungal culture could inhibited DPPH radical. So that, it could be
potential for source of natural antioxidant, and ethyl acetate was the best solvent that
extracted bioactive compounds from endophytic fungal culture.
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