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Abstract

Curvularia verruculosa fungal causes leaf spot disease in rice plants. The bark extract of Michelia champaca could inhibit the
growth of the fungi. The present research aimed to know the active compound responsible for antifungal activity. Extraction was
done using the Maceration method, antifungal activity was measured using the Diffusion well method, and identification of acfve
compounds was carried out using Gas chromatography-mass spectroscopy (GC-MS). The methanol extract obtained had a
yield of 18.7%. It showed strong activity against C. verruculosa with an inhibition zone until 30.01 mm. The fractionation results
showed that n-hexane extract (HE) was the strongest inhibiting the growth of C. verruculosa (32.45 mm), followed by chloroform
extract (CE) (29.20 mm), while n-butanol extract (BE) was not active. Separating active compounds from HE extract was made
using Column chromatography (CC) method with silica gel as the stationary phase and the mixture of n-hexane-acetone (3:1)
as the mobile phase. This separation resulted in 5 combined fractions; HE3 and HE5 extracts showed very strong activity
against C. verruculosa, with a diameter of the inhibition zone of 26.73 and 33.46 mm, respectively; HE2 extract showed strong
activity with a diameter of the inhibition zone of 15.21 mm, while HE1 and HE4 extracts did not show activity. Identification using
GC-MS, especially the HE3 extract, revealed that the extract contained two compounds: tributyl acetyl citrate and terephthalic
acid, dodecyl-2-ethylhexyl ester. The result indicated that the bark extract of M. champaca had the potential to be a botanical
fungicide.

Keywords: Antifungal activity, Curvularia verruculosa, Michelia champaca, Terephthalic acid, dodecyl-2-ethylhexyl ester, Tributyl
acetyl citrate

INTRODUCTION

The fungus Curvularia verruculosa causes leaf spot
disease in Ciherang rice plants in Ayunan Village, Bali
(Bawa, 2019). Currently, the control of this disease still
uses various kinds of synthetic fungicides after the ap-
pearance of symptoms, but they do not give satisfacto-

ry results. The uncontrolled use of synthetic fungicides
will harm farmers and the environment (West et al.,
2003; Yoon et al., 2013). The development of botanical
fungicides is an alternative because they contain vari-
ous bioactive compounds with residues that are easily
degraded in nature and are not phytotoxic (Kagale et
al., 2005; Omezzine et al., 2011). One of the botanical
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fungicides developed is Michelia alba bark extract
(Bawa and Bogoriani, 2021). Besides that, the extract
of Michelia champaca bark also showed a very strong
inhibitory effect on the growth of C. verruculosa fungi
with an inhibition zone of 30.01 mm, so it has the po-
tential to be developed into a botanical fungicide for C.
verruculosa fungi (Bawa, 2021). Several uses of this
plant as a botanical fungicide have been reported.
Mangang and Chhetry (2012) found that M. champaca
plant extract at a concentration of 5% was able to inhib-
it the growth of the mycelia of Rhizoctonia solani fungi
which causes root rot disease in chickpeas (Phaseolus
vulgaris) with an inhibition percentage of 49.54%, while
Kumar et al. (2011) reported that the crude extract of
M. champaca showed high antifungal activity against
Candida albicans fungi. Pawar (2015) reported that the
root extract of M. champaca inhibited the growth of
pathogenic fungi carried by Curvularia lunata seeds
with an inhibition zone of 15 mm.

The antifungal activity of M. champaca is probably due
to the content of bioactive compounds, particularly its
secondary metabolites. Huang et al. (2014) reported
that M. champaca stems contain champacaine, (-)-
anonaine, (—)-norushinsunine, (-)-ushinsunine, (—)-N-
acetylanonaine, (-)-roemerine, (—)-asimilobine com-
pounds. , (—)-anolobine, (-)-isocorydine, liriodenine,
atherospermidine, O-methylmoschatoline, (+)-
syringaresinol, N-trans-feruloyltyramine, 4-
hydroxybenzaldehyde, vanillin, vanillic acid, syringic
acid, 3,4-dimethoxybenzoic acid, coniferyl aldehyde,
syringin, scopoletin, 4-acetonyl-3,5-dimethoxy-p-quinol,
-sitostenone, and stigmasta-4,22-dien-3-one. Since M.
champaca bark extract is responsible for inhibiting the
growth of C. verruculosa fungi, the present study aimed
to isolate and identify the active compounds in C. ver-
ruculosa that cause leaf spot disease in rice (Oryza
sativa L.).

MATERIALS AND METHODS

Material

Michelia champaca bark was collected in Bongkasa
Village, Badung, Bali and strain of C. verruculosa CI-
MAP Og 22018 was isolated from rice leaves infected
with leaf spot disease in Ayunan Village, Badung Bali
and these fungi were deposited in Biopesticide Labora-
tory Udayana University.

Instrument

Gas chromatography-Mass spectroscopy GCMS-
QP2010S Shimadzu Corporation, Japan 2017; with
AGILENT DB-1 (CrossbondR 100% dimethylpolysilox-
ane) column 30 m long; ID: 0.25mm; film thickness 0.2
pm; carrier gas : Helium; ionizing strength of 70 eV was
used.

Methodology extraction

The bark of M. champaca was collected from Jehem
village, Bali, in June 2022 and brought to the Natural
Product Chemistry Laboratory at Udayana University.
They were cleaned in running tap water and air-dried
for a day. The dried samples were cut into small pieces
and dried again. Samples were blended to dry to a
powder. 1 kg of dry sample powder was macerated
with 2 L methanol for 24 hours 3 times. The filtrates
obtained were combined and the solvent evaporated
using a rotary vacuum evaporator to obtain crude meth-
anol extracts.

Bioassay

A Petri dish with a diameter of 9 cm was filled with 1 ml
of finely chopped C. verruculossa fungi culture suspen-
sion and dissolved in sterile water, then 10 ml of dilute
Potato Dextrose Agar (PDA) medium (temperature
around 45°C) was shaken horizontally so that the fungi
and PDA media were thoroughly mixed. After the me-
dia had solidified, two diffusion wells were made in
each Petri dish. Each diffusion well was filled with 20 pl
of M. champaca bark extract. This culture was placed
in a dark place at room temperature. Observations
were made by measuring the diameter of the inhibition
zone formed (in mm) around the diffusion well.

Fractionation

Fractionation of the crude extract of M. champaca bark
was carried out to separate the components of the
compound based on their solubility. 30 g of crude ex-
tract of M. champaca bark dissolved in 250 ml of 70%
ethanol solvent. This solution was evaporated by a ro-
tary vacuum evaporator until all ethanol solvent evapo-
rated. Water extract was fractionated successively with
3 x 100 ml of n-hexane, chloroform, and 1-butanol sol-

Fig.1. Inhibition zone of crude extract of Michelia cham-
paca bark to C. verruculosa fungal
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vents. The solvent from each fraction was evaporated
using a rotary vacuum evaporator to obtain n-hexane
(HE), chloroform (KE), 1-butanol (BE), and water ex-
tract (W). Each extract was tested for its antifungal ac-
tivity in vitro.

Separation

Extracts showing antifungal activity against C. verrucu-
lossa were separated by Column chromatography. As
much as 2 g of extract was put into the chromatography
column of 59 cm long and 3.2 cm in diameter. The col-
umn was previously filled with 100 g of silica gel (Wako
gel, particle size 75-150 ym) and solidified for 24 hours.
The best eluent flowed column was obtained using thin-
layer chromatography. The eluate was collected every
5 ml and tested by Thin-layer chromatography. Frac-
tions showing the same stain pattern were combined.
Each combined fraction was tested using the Well-
diffusion method for its inhibitory activity against C. ver-
ruculossa.

Analysis of active compounds

Each active antifungal fraction was analyzed by Gas
chromatography-mass spectroscopy (GCMS-QP2010S
Shimadzu Corporation, Japan 2017).

n-hexane

RESULTS AND DISCUSSION

Extraction and fractionation

The extracted yield of M. champaca bark with methanol
solvent was 17.8%. The crude extract of M. champaca
bark at a concentration of 10% could strongly inhibit the
growth of C. verruculosa fungi with an inhibition zone
reaching 30.01 mm (Fig. 1). The partitioned yield of the
crude extract with hexane, chloroform, and butanol sol-
vents, successively, was 3.65 g of the hexane extract
(HE); 15.32 g of a chloroform extract (CE), and 23.20 g of
butanol extract, while the water fraction was not further
processed. The antifungal activity of HE and CE extracts
at a concentration of 1% can very strongly inhibit the
growth of C. verruculosa with an inhibition zone of 32.45
and 29.20 mm respectively, while the butanol extract was
not active. The antifungal activity of each extract against
C. verruculosa is presented in Table 1 and Fig. 2.

Table 1. Inhibition zone of the fractionation yields of crude
extract of Michelia champaca bark to C. verruculosa

Extracts Inhibition Zone (mm)
Hexane Extract (HE) 32.45

Chloroform Extract (CE) 29.20

Butanol Extract (BE) 0.00

chloroform

butanol

Fig. 2. Inhibition zone of fractionation yields of crude extract of Michelia champaca bark and solvents to C. verruculosa fungi
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Table 2. Inhibition zone of separation yields of hexane
extract (HE) of Michelia champaca bark to C. verruculosa

60 as stationary phase and hexane : acetone (3:1) as
mobile phase produced 5 fractions: HE1, HE2, HES3,

fungi HE4, and HES. The antifungal activity of these extracts

Combined Extracts Inhibition Zone showed that HE3 and HE5 extracts could very strongly
Fraction (mm) inhibit the growth of C. verruculosa fungal, HE2 extract
1-26 HE1 0.00 could strongly inhibit it, while HE1 and HE4 extract
27 -39 HE2 15.21 were not active. The antifungal activity of separation
40-63 HE3 26.73 yields of HE extract against C. verruculosa is men-
gg :7191 o :Eg g-3°_26 tioned in Table 2 and Fig. 3.

Identification of the HE3 extract by Gas Chromatog-

Separation of active compounds

Based on the antifungal activity, HE extracts showed
the strongest antifungal activity. The separation of the
extract by the Column chromatography with silica gel

raphy-Mass Spectroscopy (GCMS)

The GCMS of the HE3 extract is shown in Fig. 4, and
the Mass spectroscopy spectrum of each peak is pre-
sented in Fig. 5 and 6. Fig. 4 shows that the HE3 ex-

HE2 HE3 HE4 HE5 Eluent
Fig. 3. Inhibition zone of separation yields of HE extract of Michelia champaca bark to C. verruculosa fungi
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Fig. 4. Chromatogram of HE3 fraction of Michelia champaca bark extract
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Fig. 5. GC-MS spectrum of compound 1 in HE3 fraction of Michelia champaca bark extract
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Fig. 6. GC-MS spectrum of reference compound 1 in HE3 fraction of Michelia champaca bark extract
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Fig. 7. Fragmentation analysis of compound 1 in HE3 fraction of Michelia champaca bark extract

Table 3. Fragmentation analysis of compound 1 in HE3 extract of Michelia champaca bark extract

Peak Molecular Fragment Molecular Formula
403 (M*+1) - C20H340s

301 (M++1 )-102 CsH100- C15H2506

259 (M++1 )-102-42 C,H,0 C13H2305

185 (M*+1)-102-42-74 C4H+100 CoH1304

129 (M*+1)-102-42-74-56 C4Hs CsH504

111 (M*+1)-102-42-74-56-18 H.O CsH303

41 (M*+1)-102-42-74-56-18-70 C3H,0, C,HO

tract was composed of two compounds very difficult to
separate using the Thin-layer chromatography (TLC)
method. Compound 1 has a retention time of 14,290
with the molecular ion appearing as (M*+1) at m/z 403
(Fig. 5). Based on NISTO08.LIB Library data, compound
1 was similar to the tributyl acetylcitrate compound,
which has a molecular weight of 402 g/mole with a sim-
ilarity percentage of 97% (Fig. 6). The molecular ion of
compound 1 in the HE3 fraction appears as (M"+1) at
m/z 403 with a base peak at m/z 185. The high per-
centage of similarity values strengthens the notion that
compound 1 in the HE3 fraction was tributyl acetyl-
citrate. This is reinforced by the results of the fragmen-

tation analysis of compound 1 as shown in Fig. 7 and
Table 3. Based on the fragmentation results in Fig. 7
and Table 3, it is clear that compound 1 from the HE3
fraction is a tributyl acetylcitrate, which has the structur-
al formula shown in Fig. 8. The fragmentation pattern of
this compound is almost the same as the tributyl acetyl-
citrate found in Adiantum capillus-veneris where the
molecular ion appears as (M*) at m/z 402 with fragmen-
tation peaks at m/z 329, 273, 259, 231, 213, 185, 157,
129, 112 and 57 with a basic peak at m/z 185 (Hussein
et al., 2016) and in Michelia alba bark where the molec-
ular ion appeared as (M*+1) at m/z 403 with fragmenta-
tion peaks at m/z 329, 273, 259, 231, 213, 185, 157,
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Table 4. Fragmentation analysis of compound 2 in HE3
extract of Michelia champaca bark extract.

o o o Peak Molecular Fragment Molecular
Formula
o 07T -
\n/ o 447  (M7+1) - CagHas04
) 279 (M++1 )-168 Ci2H24 C16H2204
o 261  (M'+1)-168-18 H,0 C16H2003
149  (M'+1)-168-18-112 CgH1s CgH403
104  (M'+1)-168-18-112-45 HCO; C7H30
Fig. 8. Structure of tributyl acetylcitrate 41 (M"+1)-168-18-112-45-63  CsHs G0
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Fig. 9. GC-MS spectrum of compound 2 in HE3 fraction of Michelia champaca bark extract
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CompName: Terephthalic acid, dodecyl 2-ethylhexyl ester
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Fig. 10. GC-MS spectrum of reference compound 2 in HE3 fraction of Michelia champaca bark extract
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Fig. 11. Fragmentation analysis of compound 2 in HE3
fraction of Michelia champaca bark extract

e

Fig. 12. Structure of terephthalic acid, dodecyl-2-
ethylhexyl ester

129, 111, 57, and 43 with base peaks at m/z 185
(Bawa, 2019). This compound is strongly suspected of
having a role in inhibiting the growth of the fungus C.
verruculosa and is based on the results of research by
Hussein et al. (2016), who found that the tributyl acetyl-
citrate compound is a component of a compound con-
tained in the plant Adiantum capillus-veneris which ex-
hibits antifungal activity against Candida albicans and
Fusarium sp. at an extract concentration of 100 mg/ml.

Compound 2 in the HE3 fraction had a retention time of
18.334 min., with the GC-MS chromatogram shown in
Fig. 9. Based on data from the NISTO8.LIB Library.
Compound 2 was similar to the terephthalic acid com-
pound, dodecyl-2-ethylhexyl ester, which had a molec-
ular weight of 446 g/mole with a similarity percentage of
84% (Fig. 10). The molecular ion of compound 2 in the
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HES3 fraction had a value of m/z 447 with a base peak
at m/z 70, did not appear. Because the percentage sim-
ilarity between compound 2 and the reference com-
pound was only 84%, a fragmentation analysis was
carried out, which is shown in Fig. 11 and Table 4.
Based on the fragmentation results in Fig. 11 and Table
4, it is clear that compound 2 from the HE3 fraction is a
terephthalic acid, dodecyl-2-ethylhexyl ester, which has
the structural formula as shown in Fig. 12. This com-
pound is suspected of having a role in inhibiting the
growth of the fungus C. verruculosa and is based on
the results of research by Osuntokun and Cristina
(2019) who found that the terephthalic acid, dodecyl-2-
ethylhexyl ester contained in the essential oils from
stem bark extract of Spondias mombin (Linn) which
exhibited antifungal activity against Aspergillus flavus
in extract concentration 10 mg/ml and antibacterial
activity against Bacillus subtilis in extract concentration
5 mg/ml.

Conclusion

The methanol extract of M. champaca bark showed a
very strong inhibitory effect on the growth of C. verrucu-
losa fungi. The hexane extract of M. champaca bark
also showed strong activity for C. verruculosa fungi.
The hexane extract of the bark, especialy HE3 extract,
contained two compounds: ftributyl acetylcitrate and
terephthalic acid, dodecyl-2-ethylhexyl ester, which can
synergistically inhibit the growth of the fungus C. ver-
ruculossa very strongly. The results indicated that the
bark extract of M. champaca had the potential to be a
botanical fungicide.
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