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Abstract. Fusarium oxysporum is a fungus that often infects foodstuffs such as wilted and_rotten
vegetables. This causes losses for farmers in marketing their crops. This research is a follow-uElstudy
that aims to study the bioactivity and mechanism of action of B-sitosterol isolate from the hydroid
Aglaophenia cupressina Lamoureoux in inhibiting or killing the fungus F. oxysporum. The method used
for antifungal testing uses the agar diffusion method to determine the damage to fungal morphology
using a Scan Electron Microscop (SEM). Pure culture of F. oxysporum mushroom with isolate code InaCC
F641 was obtained from Indonesia Culture Collection (InaCC) LIPI, positive control using ketoconazole,
and negative control using distilled water. The concentrations of B-sitosterol used were 20 ppm, 40 ppm
and 60 ppm. The results obtained that pB-sitosterol compound has antifungal properties at a
concentration of 40 ppm and 60 ppm which is bactericidal against the fungus F. oxysporum with an
inhibitory diameter of 18.30 mm which was formed at 48 hours of observation at a concentration of 40
ppm. Observation 72 hours formed inhibition diameter of 19.15 mm. While at a concentration of 60 ppm
with 48 hours of observation, it formed an inhibition zone of 20.43 mm and at 72 hours it became 21.56
mm. The results of SSEM showed that concentrations of 40 ppm and 60 ppm of B-sitostrol damaged the
cell walls of the fungus F. oxysporum.
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Introduction. Fusarium oxysporum wilt is a disease of many types of plants, especially
vegetables such as mustard greens, lettuce, tomatoes and chilies and other types. This
disease is a problem and gets a lot of attention for vegetable commodities because it is
consumed by the wider community and has high economic value. The distribution and
dominance of F. oxysporum in the soil is quite high, making it quite difficult to control the
cause of this disease (Margarida Ana Sampaio et al., 2020). Fungi are able to survive in
the soil in the form of mycelium, microconidium, macroconidium or chlamydospores
(Srinivas C et al., 2019). Aref Hanan flassa (2020) and Made I Sudantha (2021) stated
that the fungus Fusarium sp. able to survive in the soil for long periods of time even in
the absence of a host plant.

Affected plants show symptoms of leaf veins that tend to be yellow in mature
leaves then gradually the leaves become wilted (G. Kenneth Pegg et al., 2019). The
fungus F. oxysporum resides in woody vessels and at the base of the stem is covered in
a white thread-like braid and rotting bark (J. Francisco de Lamo and Frank L. W. Takken,
2020). Wilt disease caused by this fungus develops rapidly in moist soil conditions,
especially in vegetables grown in the rainy season, and is transmitted through spores,
mainly through the flow of water (Nath N. et al., 2017).

Many control efforts have been carried out by farmers by watering using synthetic
pesticides but have not given satisfactory results. In addition, it also uses chemical
compounds such as fertilizers, pesticides and other chemical compounds continuously at
high doses which has been proven to cause increasingly complex problems, especially in
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food safety (Temitope Elizabeth Alori and Olubukola Oluranti Babalola., 2018 ; M.
Geraldin W. Lengai et al. al., 2019).

Schira Mario et al (2011) and Ons Lena et al., (2020) stated that the use of
fungicides on fruits and vegetables after harvest has decreased due to increased
pathogen resistance in several types of fungicides. In addition, the community's positive
view of the dangers of using fungicides in post-harvest treatment of vegetables tends to
increase. Biological control of postharvest disease is an alternative to effective control of
several pathogens. Postharvest pathogen control is aimed at reducing pathogen infection,
destroying inoculum or eradicating infection to maintain or extend the life of harvested
vegetables and fruits (Kassim Alaika et al., 2020).

The results of Johannes (2008) research by isolating bioactive compounds from
Hydroid A. cupressina L. a marine invertebrate animal found B-sitosterol compounds with
potential as antifungals. Olusola Clement Ogidi et al (2021), steroid compounds used as
medicinal and antifungal substances are B-sitosterol. B-sitosterol in the form of white
crystals (clear), melting point 138°C-139°C, with the chemical formula CasHse0. In this
study, the bioactivity and mechanism of action of B-sitosterol isolate from the hydroid A.
cupressina Lamoureoux will be studied in inhibiting or killing the fungus Fusarium
oxysporum.

Material and Method. The method used is an experimental method using the hydroid A.
cupressina Lamoureoux and the solvent n-hexane for maceration (NN Azwanida, 2015)
then partitioned using chloroform and ethyl acetate as eluents, respectively. Each solvent
will selectively separate the chemical content group. Fractionation and isolation using
KKG, KKV and TLC with various combinations of eluents, then purification of the isolates
was carried out. Structure elucidation by UV, IR spectroscopy method. The bioactivity
test used pure culture of the fungus F. oxysporum with isolate code InaCC F641 obtained
from the Indonesia Culture Collection (InaCC) LIPI, positive control using ketoconazole,
and negative control using aquades. B-sitosterol concentrations used were 20 ppm, 40
ppm and 60 ppm. The method used was agar diffusion using NaCl, Potato Dextrose Agar
(PDA) medium (Merck), ketoconazole (PT. Alpharma), 70% alcohol, distilled water,
lactophenol and aluminum foil.

)
Preparation of test solution and control solution. The B-sitosterol compound was
weighed as much as 0.60 mg and dissolved in 10 ml of distilled water to obtain a solution
with a concentration of 60 ppm. Furthermore, the test solution was made with a
concentration of 40 and 20 ppm. The positive control used ketoconazole with a
concentration of 60 ppm, and the negative control used distilled water.

Preparation of test mushroom suspension. Test mushrooms that have been
rejuvenated, suspended and diluted using a sterile 0.9% NaCl solution and then
homogenized. The transmittance of the suspension was measured at 75% by using a
spectrophotometer as a blank using 0.9% NaCl at a wavelength of 580 nm.

Inhibitory test of B-sitosterol cdipounds. The test was carried out using the agar
diffusion method using a blank disc with an inner diameter of 6 mm, an area diameter of
8 mm, and a height of 10 mm. [ kerile sabouraud dextrose agar (SDA) medium was
cooled to 40°C-45°C. Then it was poured aseptically into a 10 ml petri dish and allowed
to solidify as a base layer. After solidifying, 1 ml of each test mushroom suspension was
added into 5 ml of sabouraud dextrose agar (SDA) medium, then homogenized and
pourflll over the base layer and left half solid as a seed layer. After that, the blank disc
was fBced aseptically with sterile tweezers on the surface of the medium with a distance
of 2-3 cm from the edge of the petri dish, and [EJft at room temperature.

Each blank disc was filled with 0.25 ml of B-sitosterol compound isolated from the
hydroid A. cupressina Laffjoureoux with concentrations of 20, 40, and 60 ppm,
respectively. Similarly, the ketoconazole solution as a positive control and aquadest as a
negatflle control was poured 0.25 ml each using a micropipette. Then it was incubated at
370°C for 48 hours and 72 hours.
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Diameter measurement of inhibition zone. Observations were made by measuring
the diameter of the fungal gfflvth inhibition around the blank disc using a caliper.
Measurements were made at incubation for 48 hours and 72 hours, respectively to
determine the ability of these hydroid bioactive compounds to inhibit the growth of the
test funagi.

Effect on cell morphology by scanning electron microscopy (sem) (yang-shi
tang et al, 2014). The analysis of cell morphology damage was intended to study the
changes in morphology and cell structure of the fungus F. oxysporum due to the
metabolic effect of hydroid. The changes observed were changes in cell appearance and
cell wall thickness observed through a Scanning Electron Microscope (SEM). The SEM
method was carried out with a suspension of test bacteria cells that had been treated
with B-sitosterol which was incfated for 24 hours in a shaking incubator with a speed of
150 rpm at 37°C. After being centrifuged at 3500 rpm fof§15 minutes, the supernatant
was discarded and pellets were taken and then fixed with 2.5% glutaraldehyde in (0.1 M
sodiumJacodilate buffer pH 7.2) left for 1.5 hours, then washed with cacodilate buffer
0.05 M pH 7.2 for 20 minutes for each treatment.

Fixation with 1% osmium tetraoxide in cacodilate buffer 0.05%, pH 7.2 for 1-2
minutes then washed with distilled water (DDH20) for 2 minutes each, hydrated with
ethanol at various concentrations of 25, 50, 75 and 100 %, each for 10 minutes.
Specimens were taken and passed through a 0.2 m membrane to be glued to aluminum
stubs and coated with gold through a vacuum process (6-7 Pa) for 20 minutes. The
sample was observed under a SEM.

Data analysis. The data obtained from the inhibition test were analyzed descriptively
which were presented in the form of tables and figures 3.

Results. B-sitosterol in the form of white crystals (clear), melting point 138°C-139°C.
The IR spectrum (KBr) showed absorption at a wave number of 3433 cm-1, an inffBation
of the presence of a hydroxyl group supported by the presence of an absorption peak at
1050 cm? indicating the presence of C-O. The absorption at 2956, 2938 and 2869 cm!
was from methyl and methylene, the absorption at 1634 cm™ was from the C=C
stretching indicating the presence of an olefin group, and the C-H bending at 1465 cm-!.
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Figure 1. IR spectrum of B-sitosterol compound (Johannes, 2008)
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Table 1
IR Spectrum of B-sitosterol compound

Wave number (cm™) Band Shape Intensity Suspected Functional Group
3433 Wide Strong Strain of the QH (Hydroxyl)
group stretching

2956 Wide Medium  Strain of C-H group stretch

2938 . Strain of aliphatic C-H Group
Sharp Medium gt retch From CH2

2969 . Strain of the aliphatic C-H
Sharp Medium group stretching of CH3

1634 Wide Medium  Strain of Stretch C=C

1465 Wide Medium  The bending of the C-H group

1050 Sharp Medium  Strain of C-O stretch

From the table above, it shows that the compound is B-sitosterol (CzsHso0)

HO

Figure 2. Structure of B-sitosterol compound (Johannes, 2008)

Bioactivity tef§F)of B -sitosterol compounds. The antifungal test results on F.

oxysporum are shown in table 2.
Table 2

Results of bioactivity test of B -sitosterol compound Hydroid A.cupressina L. isolate
against the fungus F. oxysporum

Average of Inhibition Zone (mm)

No. Concentration F. oxysporum
48 hours 72 hours
1. B-sitosterol 20 ppm 11.20 10.50
2. B-sitosterol 40 ppm 18.30 19.15
3. B-sitosterol 60 ppm 20.43 21.56
4, Ketoconazole (positive control) 20.30 21.50
5. Agquadest (negative control) 00.00 00.00
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Figure 3. Histogram of inhibition diameter of B-sitosterol compound against the fungus
F.oxysporum .

The results of the inhibition zone measurements in table 2 and figure 3 show the
@htifungal bioactivity of B-sitosterol against the fungus F. oxysporum with an average
diameter of the inhibitfh zone at 48 hours of incubation the largest at a concentration of
60 ppm of EP.43 mm, and 72 hours of incubation the inhibition zone being 21.56 mm. .

For a concentration of 20 ppm, the inhibition zone formed at 48 hours was 18.30

mm and at 72 hours incubation was 19.15 mm. Concentrations of 60 ppm and 40 ppm
showed fungicidal properties against F. oxysporum , while concentrations of 20 ppm at
48 hours incubation showed a much smaller diameter of the inhibition zone of 11.20 mm
and 72 hours of incubation reduced to 10.50 mm.
Ketoconazole as a positive control with a concentffition of 60 ppm at 48 hours incubation
showed an inhibition zone of 20.30 mm and at 72 hours incubation the inhibition zone
became 21.50 mm, while fe negative control used aquadest as a solvent which did not
form an inhibitory zone at 48 hours and 72 hours incubation.

The difference in the area of inhibition was influenced by the variation in the

concentration given to the fungal is§Bite. According to D. Faraja. Gonelimali et al.,
(2018), the difference in the size of the inhibition zone for each concentration can be
caused by differences in the content of the active substance, the reaction between the
active ingredient and the medium and the incubation temperature.
Likewise, according to Huan Yuchen et al.,, (2020) suggested that what causes
antimicrobial inhibition is due to interference with fungal cell membranes, inhibiting
enzyme work, interfering with protein and nucleic acid synthesis, or inhibiting cell wall
synthesis.

The mechanism of inhibition that occurs by the activity of B-sitosterol compounds
at a concentration of 20 pfih against the fungus F. oxysporum is fungistatic
characterized by a reduction in the diameter of the inhibition zone at 72 hours incubation.
Fungal cell walls are composed of chitin compounds although this reaction does not
damage the main structure of chitin and only reacts with structures that are outside the
ring (CHz-OH). This condition causes the reaction between chitin and the active group to
not affect the integrity of the fungal cell wall because it does not damage the backbone
structure of chitin, so this compound cannot kill the growth of fungal cells and is only an
inhibitor.

Weiss Katharina et al., (2014) said that if the inhibition area is no longer clear
after the next day or in other words the clear zondl@ overgrown with fungus again, it
means that the compound is fungistatic because it is only able to inhibit the growth of the
fungus and does not kill the fungus. If the antifungal concentration is increased to a
higher concentration then the fungistatic properties will change to a fungicide according
to the statement of F.B Maria Morais-Braga et al., (2017).
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It can be seen that B-sitosterol with a concentration of 40 ppm and 60 ppm is
fungicidal, because the inhibition zone formed at 48 hours of incubation increased at 72
hours of incubation. The positive control used was ketoconazole which has proven its
effectiveness in inhibiting the growth of fungal cells. Positive control was used to see
whether the response to death of the test microbes was really caused by efficacious
chemicals (Kohl Jirgen et al., 2019). The negative control was used to see whether the
response to death really came from the sample and was not caused by technical factors
of treatment (A. Cossarizza et al., 2017). In this study, the negative control used was
distilled water which is a polar solvent (Silaban Hertina., 2021).

Effect on cell morphology by scanning electron microscopy (sem). Based on the
results of the inhibition zone measurements, a concentration of 60 ppm B-sitosterol was
used to see the effect of these compounds on the F. oxysporum fungus through
Scanning Electron Microscopy (SEM).

1445 NL D38 x2.0k 30um

Figure 4. SEM results of B-sitosterol compound isolate from hydroid A. cupressina
Lamoureoux against the fungus F. oxysporum (magnification 3000x).

The SEM results also showed that the cell wall of the fungus F. oxysporum had an
irregular shape. Antifungal compounds work in addition to inhibiting the work of
ergosterol, antifungals also work in inhibiting the synthesis of fungal cell walls, interfering
with the function of cell membranes, inhibiting the synthesis of nucleic acids, inhibiting
protein synthesis, inhibiting cell nuclear division, and as an inhibitor of the metabolic
system in fungal cells (K. Tryphon Mazu et al., 2016 and Saleh Mohammed Al Aboody
and Suresh Mickymaray., 2020).

3
Conclusions. The g-sitosterol compound isolated from the hydroid A. cupressina
Lamoureoux was fungicidal against the fungus F. oxysporum at a concentration of 40
ppm and 60 ppm damaging the fungal cell wall.
10
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