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Areca catechu L., a member of the Palmaceae family, is one of the most commonly used drugs in the
world. Compounds obtained from the hexane, ethyl acetate and methanol extracts of the pericarp of A.
catechu L. were assessed in vitro and in mango fruit for antifungal activity against Colletotrichum gloeospo-
rioides Penz. In vitro studies also indicated that three triterpenes, namely fernenol (fern-9(11)-en-3a-ol),
arundoin (fern-9(11)-en-3a-ol ME), and a mixture of stigmasterol and S-sitosterol, and one fatty acid,
lauric acid, could inhibit the mycelial growth of C. gloeosporioides with ECso values of 36.7, 47.5, 56.7

iimgg;;se and 111.5mgL~", respectively. Furthermore, fernenol, arundoin, and the mixture of stigmasterol and
Antifungal B-sitosterol highly inhibited spore germination and germtube elongation. Mango fruit studies suggested
Areca that fernenol, arundoin and the mixture of stigmasterol and -sitosterol were significantly more effective

Colletotrichum
Mango

than benomyl for controlling postharvest anthracnose disease when used at 100 and 200 mgL-!.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Mango (Mangifera indica Linn.) is an important tropical fruit crop
because of the popularity of its fresh and processed products among
consumers (Maneepun and Yunchakad, 2004). The most serious
problem for mango growers is anthracnose disease caused by Col-
letotrichum gloeosporioides (Penz.) because it can attack various
parts of trees and can grow as latent infections on fruit. Synthetic
fungicides are commonly used to control pre- and posthar-
vest anthracnose diseases. Hot benomyl (methyl [1-[(butylamino)
carbonyl]-1H-benzimidazol-2-yl]carbamate) dips effectively con-
trol postharvest anthracnose diseases, but a buildup of pathogen
resistance may occur (Pitkethley and Conde, 2007). Recently, syn-
thetic fungicides have been found unacceptable for consumers due
to the presence of fungicide residues (Sanders et al., 2000). As a
result, the use of natural antifungal compounds from plants to con-
trol mango anthracnose disease has been investigated (Kumpoun
et al., 2005).

Areca catechu L., belonging to the Palmaceae family, grows in
much of the tropical Pacific, Asia, and parts of east Africa. It is one of
the most commonly used drugs in the world, containing alkaloids,
tannins, polyphenols, sugars, and lipids that have anthelmintic,
antifungal, antibacterial, anti-inflammatory, and antioxidant activ-
ities (Staples and Bevacqua, 2006). Particularly, the pericarp of A.
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catechu L.is known to also contain 8-sitosterol, leukocyanidins, tan-
nins and lipids that exhibit antibacterial and antifungal properties
(Kapoor, 2001); however, little is known about the antifungal prop-
erty of A. catechu L. on plant diseases. Therefore, the aim of this work
is the development of new methods to control postharvest mango
anthracnose disease using compounds extracted from the pericarp
of A. catechu L.

2. Materials and methods
2.1. Plant material and fungal pathogen

Mature fruit of A. catechu L. were collected from the southern
part of Thailand. The pericarp was separated from the fruit, cut into
small pieces and dried in a hot air oven at 40 °C for 48 h. The phy-
topathogenic fungus C. gloeosporioides was isolated from diseased
tissues of symptomatic mango fruit. The virulence and pathogenic-
ity of the isolates were verified by inoculating mango fruit with 5 pL
of a spore pathogen suspension. The pathogen was purified via sin-
gle spore isolation on potato dextrose agar (PDA) and maintained
in PDA slants at 10°C (Cloh, 1999).

2.2. Isolation of compounds

Dried pericarp of A. catechu was soaked for 5d in three organic
solvents: hexane, ethyl acetate, and methanol. The crude extracts
were separated by flash column chromatography over silica gel
60 (0.040-0.063 mm) and elution with 10% dichloromethane in
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hexane with the polarity increased in 10% increments using
dichloromethane, ethyl acetate, and methanol. The compounds
obtained from A. catechu pericarp were repeatedly purified by
eluting with 5% dichloromethane in hexane with the polarity
increased in 5% increments using dichloromethane, ethyl acetate,
and methanol. The purification of compounds was assessed on
TLC plates (Silica gel 60 F,54 pre-coated TLC aluminum sheets,
Merck) using UV Amax 254 and 316 detector, vanilline-H,SOg4, and
anisaldehyde standard spray reagents. The chemical structures
of compounds were determined by spectroscopic methods, 'H
and 13C-nuclear magnetic resonance spectroscopy (NMR) and gas
chromatography-mass spectrometry (GC-MS). 'H and 13C NMR
spectra were recorded on a Bruker Avance DPX-500 MHz spec-
trometer, with deuterochloroform (CDCl3) and tetramethylsilane
(TMS) as internal standards for the chemical shift parameter (3)
(13C 77.0mgkg1, residual 'H 7.24mgkg-1). All 2D NMR data
were recorded using standard pulse programs. GC-MS analyses
in the scan mode were performed on a HP-5890 series Il GC,
equipped with EPC coupled to a HP-5972 MS. Samples were
injected using a splitless injector at 250 °C on an Rtx-5MS column
(30m x 0.25 pm x 0.25 mm). The carrier gas was helium. The tem-
perature program was as follows: initial 170 °C with a 1-min hold;
ramp 0.083°Cs~! to 185 °C, 1-min hold; ramp 0.25°Cs~! to 330°C;
10-min hold; and scanning from 29 to 500 u. The compounds were
characterised by comparisons of their spectral data with known
samples (Lall et al., 2006).

2.3. In vitro experiments

To assess mycelial growth inhibition, the purified compounds
(5mg) were dissolved in 5mL of 10% dimethyl sulfoxide (DMSO)
and diluted serially with sterile distilled water. The diluted com-
pounds were added to PDA at 48°C and the final concentrations
were adjusted to 10.25, 25,50, 100 and 200 mg L. The media were
poured into 5-cm-diameter Petri plates. Then, a 5-mm-diameter
plug of the fungi, removed from the margin of a 4-d-old colony
on PDA, was placed in the centre of the agar plates. The com-
pound treatments were compared with the treatment of a known
fungicidal standard: benomyl (benlate 50%), and 0.5% DMSO served
as control. Each treatment was tested in three replicates. The
diameter of colonies was measured after incubation at 28°C for
5d. Data were calculated as percentage inhibition of mycelial
growth using the following equation: Inhibition (%)=[(colony
diameter in untreated control (0.5% DMSO) — colony diameter in
treatment) x 100]/colony diameter in untreated control. The ECsg
values (effective concentration resulting in 50% reduction in fungal
growth) were determined by probit-log analysis using the statisti-
cal package for social science software (SPSS) (Hadacek and Greger,
2000). The experiment was repeated twice.

To study effects on spore germination and germtube elongation,
the purified compounds (5 mg) were dissolved with 5mL of 10%
DMSO and diluted with sterile distilled water. The diluted com-
pounds (0.1 mL) and 0.05mL potato dextrose broth (PDB) were
dropped in the holes of multi well plates. At the same time, 0.05 mL
spore suspension (10° sporesmL~1) was added to final concentra-
tions 10.25, 25, 50, 100 and 200 mg L~!. The compound treatments
were compared with benomyl, and 0.5% DMSO served as con-
trol. Each treatment consisted of three replicates. After incubation
at 28°C for 12 h, the treated fungi were strained with lactophe-
nol cotton blue. The number of germinated spores and the length
of germtubes were examined by counting and measuring a total
of 100 spores in each field of three randomly selected fields
under a dissecting microscope at 400x magnification. The results
were calculated as the percentage inhibition of spore germination
and germtube elongation using the following equation: Inhibition
(%) =[(the number of germinated spores or the length of germtubes

in untreated control (0.5% DMSO)— the number of germinated
spores or the length of germtubes in treatment) x 100]/the number
of germinated spores or the length of germtubes in untreated con-
trol. EC5q values were determined by using a previously described
method (Hadacek and Greger, 2000). The experiment was repeated
twice.

2.4. Mango fruit experiments

Freshly almost ripe mango fruit (Mangifera indica L.), cv. ‘Nam-
Dork Mai’ were harvested from fields in the southern part of
Thailand. The surface of the mango fruit was sterilised by immer-
sion in 70% ethanol for 1 min and prepared for inoculation by
inflicting one 1-mm-deep wound in the middle of each fruit with a
sterile needle. Each wound was then inoculated with the pathogen
C. gloeosporioides by placing 5 L of spore pathogen suspension
(10% spores mL~1). The inoculated fruit were incubated in a ster-
ile box overnight at 28 °C before dipping in the diluted compounds,
which were prepared by dissolution in 5 mL of 10% DMSO and dilu-
tion with sterile distilled water to final concentrations 50, 100, and
200 mgL~1. The compound treatments were compared with beno-
myl treatment and 0.5% DMSO served as a negative control. Each
treatment consisted of five replicates. Then, the treated fruits were
incubated in a moist plastic box at 28 °C for 5 d and disease develop-
ments were assessed by measuring the diameter of the anthracnose
lesion on mango fruits. Statistical differences were determined by
the least significance difference (LSD) test at P <0.05 using SPSS
software (Regnier et al., 2008). The experiment was repeated twice.

3. Results

Three triterpenes and five fatty acids were obtained from the
crude extracts of A. catechu pericarp using flash column chromatog-
raphy. Structural analysis by 'H, 13C NMR and GC-MS resulted
in identification of the three triterpenes as fernenol (fern-9(11)-
en-3a-ol), arundoin (fern-9(11)-en-3a-ol ME) and a mixture of
stigmasterol and S-sitosterol. The five fatty acids were identified
as lauric, myristic, pentadecanoic, palmitic and stearic acids. The
potential antifungal activity of the compounds against C. gloeospo-
rioides was demonstrated in an in vitro study. The results showed
that the compound fernenol had the highest activity against the
mycelial growth of C. gloeosporioides, whereas the compounds,
arundoin, the mixture of stigmasterol and S-sitosterol, and lau-
ric acid were less active. When the compounds were tested for
their effects on spore germination and germtube elongation of C.
gloeosporioides, the results indicated that fernenol, arundoin and
the mixture of stigmasterol and B-sitosterol substantially inhibited
both spore germination and germtubes elongation. In particular,

Table 1
ECso values (mgL-') of triterpenes and fatty acids from Areca catechu pericarp
against Colletotrichum gloeosporioides.

Treatments ECs0 (95% FL)
Mycelial Spore Germ tube
growth germination elongation
Fernenol 36.7 45.8 26.7
Arundoin 47.5 62.3 40.0
Mixture of stigmasterol 56.7 86.9 50.0
and B-sitosterol
Lauric acid 111.5 >200.0 108.3
Myristic acid >200.0 >200.0 >200.0
Pentadecanoic acid >200.0 >200.0 >200.0
Palmitic acid >200.0 >200.0 >200.0
Stearic acid >200.0 >200.0 >200.0
Benomyl 110.2 153.3 75.0

ECs0 was determined by probit-log analysis.
FL, fiducial limits.
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Table 2
Efficacy of triterpenes and fatty acids from Areca catechu pericarp in controlling
anthracnose disease.

Dip treatments Diameter of lesion (mm)

50mgL-! 100mgL-! 200mgL!
Fernenol 14.2 Ac 10.0 Ab 0.5 Aa
Arundoin 16.0 Bc 12.2 Bb 3.2Ba
Mixture of stigmasterol and 16.4 Bc 12.8 Bb 4.7 Ba
B-sitosterol
Lauric acid 17.2 Bc 15.0 Cb 9.2 Da
Benomyl 17.2 Bc 14.7 Cb 6.2 Ca
Control (0.5% DMSO) 19.6 Ca 19.7 Da 19.5 Ea

Means within the same column or row followed by the same uppercase or lowercase
letter are not significantly different by the LSD test (P < 0.05).

fernenol, arundoin, and the mixture of stigmasterol and -sitosterol
had a greater effect on germtube elongation than benomyl (Table 1).
Then, the efficacies of the compounds on control of anthracnose
developments were demonstrated by comparison with a commer-
cial fungicide, benomyl. The results, shown in Table 2, revealed that
fernenol, arundoin and the mixture of stigmasterol and S-sitosterol
were more effective than benomyl. The effects on reduction of dis-
ease developments were dose-dependent for all the compounds,
with maximum effects being observed at the highest concentration
of 200mgL-1.

4. Discussion

The antifungal activity of A. catechu extracts was discovered by
Lalithakumari and Sirsi (1965). The compounds obtained from A.
catechu pericarp were triterpenes and fatty acids, which had anti-
fungal property (Lall et al., 2006; Agoramoorthy et al., 2007). These
natural antifungal compounds had no cytotoxicity and no phyto-
toxicity (Glinski and Branly, 2002; Liu et al., 2008). Consequently,
the extracts of A. catechu pericarp are not a synthetic fungi-
cide for safety considerations. Several triterpenes and fatty acids
have potential to control phytopathogenic fungi. The triterpene
saponins pitheduloside A, B, E, F and I isolated from Pithecellobium
dulce seeds inhibited the mycelial growth of Rhizopus stolonifer
and C. gloeosporioides (Necha et al., 2003), and sucrose fatty acid
esters, monoglycerol, and polyglycerol fatty acid esters inhibited
the mycelial growth of Botrysis cinerea PEAS (Yasuo et al., 2002).
Besides, Regnier et al. (2008) suggested in a preliminary study the
employment of monoterpenes from Lippia scaberrima essential oil
to control postharvest pathogens. However, this is the first report
on the antifungal potential of the compounds isolated from A. cate-
chu pericarp to inhibit the growth of C. gloeosporioides and to control
postharvest mango anthracnose disease.

The findings of this study are relevant for the potential enhance-
ment of mango fruit quality by natural antifungal compounds from
plants. Previously, Droby et al. (1987) found antifungal resorcinols
in the peel of mango fruit and their relation to latent infection by
Alternaria alternata. Our results indicate that three triterpenes, fer-
nenol, arundoin and the mixture of stigmasterol and S-sitosterol
(Nakane et al., 1999; Jacob et al., 2005; Koysomboon, 2006) and one
fatty acid, lauric acid, (Agoramoorthy et al., 2007) obtained from
the A. catechu pericarp had good activity inhibiting the growth of
C. gloeosporioides. The antifungal activity of triterpenes and fatty
acids is related to structural characteristics and chemical proper-
ties. Compositions containing at least one pentacyclic triterpene
and one to three oxygenated substituents, such as hydroxy or car-
boxy groups have been found to be particularly useful as antifungal
agents (Glinski and Branly, 2002). In this study, fernenol, which con-
tains one pentacyclic triterpene and one hydroxyl group, exhibited
the highest activity against C. gloeosporioides. Fatty acids having
10-13 carbon atoms exhibit excellent antifungal activity, while

increasing the number of carbons in fatty acids results in decreased
fungal suppression (Yasuo et al., 2002). Thus, in this study, lauric
acid with 12 carbons inhibited the growth of C. gloeosporioides to a
higher degree than other fatty acids that had more than 12 carbons.
Walters et al. (2003) reported that lauric acid was highly active in
inhibiting the mycelial growth of Rhizoctonia solani and Pythium
ultimum and reduced the infection of barley seedlings by Blumeria
graminis f. sp. hordei.

When the activity of these triterpenes and fatty acids on
spore germination and germtube elongation was tested, we found
that the triterpenes highly inhibited both spore germination and
germtube elongation. For the fatty acid lauric acid, in addition to
germtube elongation inhibition, it caused the irreversible disrup-
tion and the disintegration of the plasma membrane of spores and
germtubes (Liu et al., 2008); it is possible that the lipophilic part
of fatty acids could be absorbed by the fungus due to the lipophilic
nature of the fungal tissue (Inouye et al., 1999).

The use of fernenol, arundoin and the mixture of stigmasterol
and B-sitosterol resulted in better postharvest mango anthracnose
control than benomyl treatment. The promising results of our in
vitro and in mango fruit studies indicate that the compounds have
potential to control postharvest mango anthracnose. Additional
studies in which the compounds are used in the field or in com-
bination with wax coatings and modified atmosphere packaging
would be valuable additions to our knowledge about the efficacy
of these compounds.
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