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Abstract

Basal stem rot (BSR) which is caused by Ganoderma boninense is the most serious disease faced by oil palm Elaeis
guineensis in Malaysia. Hitherto, many control measures such as cultural practices, fungicides, and biocontrol agents were
attempted, yet, the result were unsatisfactory. This study was conducted to investigate potential antimicrobial properties in
oil palm leaf extract against G. boninense. Oil palm leaf were extracted with different solvents namely methanol, acetone,
chloroform and petroleum ether. The antimicrobial activities and fungitoxicity of leaf extracts against G. boninense were
expressed in inhibition of mycelia growth of G. boninense on Potato Dextrose Agar (PDA) incorporated with the four
different solvent leaf extracts with range concentration of 0-40 mg mL™. Acetone leaf extract was found to be very
fungitoxic to G. boninense at concentration of 40 mg mL™, the highest concentration tested in this study. Methanol and
petroleum ether leaf extracts were having inhibitory effect with 40 mg mL™in comparison to the absolute control. Further
separation of active bioactive compounds was conducted using thin layer chromatography (TLC) bioassay for methanol and
acetone leaf extracts. Acetone extract was found to possess good antifungal activity with properties of R; 0.09, 0.21, 0.24,
and 0.60 compared to methanol extract, which only showed inhibition at R¢0.74 against Aspergillus niger. The R values
suggested that potential antimicrobial compound might be mixtures of polar and non-polar properties. The results suggested

oil palm leaf extract might potentially explore as an important allelopathic agent against Ganoderma boninense.
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Introduction

Oil palm has been nominated as the “golden crop of
Malaysia” since it generates profitable export earnings for
the country and are truly nature’s gifts in alleviating
poverty in Malaysia (Basiron, 2007). However, oil palm
is subjected to a disastrous malady namely Basal Stem
Rot (BSR) that has devastated thousands of hectares of
plantings which led to deficit as high as RM 1.8 hillion in
oil palm industry for the past decades (ldris, 2012). BSR
and its causal pathogen Ganoderma boninense were first
reported in 1931 by Thompson which infected old aged
oil palm trees that are older than 25 years old (Latiffah &
Ho, 2005). In the 1960, the disease was found in younger
palms of 10-15 years (Turner, 1981). Oil palm has an
economic life span of 25-30 years. BSR can kill more
than 80% of stands by the time they are halfway through
normal economic life (Chong et al., 2012a, 2012b). G.
boninense initially infects the palm roots and gradually
spread to the bole of the stem where they cause dry rot,
which prevents absorption and transport of nutrients
(Sanderson et al., 2000; Naher et al., 2012). By the time
Ganoderma fruiting bodies are detected on the oil palm,
about 50% of the internal tissues would have already
rotted (Kandan et al., 2010). The available control
measures for BSR diseases, such as cultural practices,
fungicides, and biocontrol agents were unsatisfactory due
to the fact that Ganoderma has various resting stages like
resistant mycelium, basiodiospores, chlamydospores and
pseudosclerotia (Susanto et al., 2005; lzzati & Abdullah,
2008). With no known remedy at present, effects of
Ganoderma infection on productivity decline in palm
crops have been of considerable concern on economic
importance in Malaysia oil palm industry.  Rapid
development of the oil palm industry since 1990s has

caused an increasing output of by-products viz. oil palm
fronds up to 100 kg ha™ (dry matter basis) were produced
daily (Ishida & Abu Hassan, 1997). As a matter of fact,
fronds are usually the part being harvested for roughage
source or as compound feed for ruminants, the leaf and
rachis are left behind (Chan, 1999). Conversely, oil palm
leaf contains significant level of secondary metabolites
than the frond which play major role in plant defensive
mechanism as well as ethnopharmocology properties
(Syahmi et al., 2010). In the past research, several
secondary metabolites has been determined from oil palm
leaf such as flavonol, hydroxycinnamic acid, o-Diphenol,
phenolic, tocopherol, carotene and sterols (Ng & Choo,
2010) and all these may potentially to be exploited for the
management of fungal diseases (Chong et al., 2008).
Exploitation of naturally available chemicals from plants
would be more realistic and ecologically sound method
for plant protection. Hence the potential of this study can
be viewed from the facts that there are excess of oil palm
leaf available from the palm oil industry and they are
treated as wastes and having no high value. This study
was planned with the aim to examine the feasibility of
using leaf of E. guineensis in managing the oil palm basal
stem rot disease.

Materials and Methods

Preparation and extraction of plant material: Fresh oil
palm leaf were collected from Field Laboratory of School
of Science and Technology, Universiti Malaysia Sabah
and washed under running tap water. Leaf samples were
dried in oven at 40°C for 72 hours and blended into fine
powder using a mechanical blender (Waring ®
Commercial Blender). Powdered sample (100 g) were
soaked in 300 mL of methanol and placed in a sonicator
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(Branson ® 5510) for 10 minutes at temperature of 25°C
followed by filtering through Whatman No. 1 filter paper
and concentrated using a Rota Vapor™ (BUCHI) under
reduced pressure at 40°C to obtain 1 mL of extract per 10
g of plant sample. The samples were extracted three
times. Sample was also extracted with acetone,
chloroform and petroleum ether in the same manner as
followed for methanol. Aliquot were then kept in -20°C
temperature for further use. Extraction yield was weighed
and calculated using the following equation:

Dry weight of extract

1 (0 =
Yield (%) Dry weight of plant powder

x 100

In vitro antimicrobial assay: A series of concentrations
of plant solvent crude extracts (0, 2, 10, 20, and 40 mg
mL™) was incorporated into Potato Dextrose Agar (PDA).
Crude extract was first dissolved in acetone:water (50:50,
v/v) before incorporating into media. Agar without plant
crude extracts, but containing identical concentration of
acetone: water (50:50, v/v), served as negative controls.
Another treatment in which no extract or solvent was
added was served as absolute control. The G. boninense
was taken from the edge of seven to eight days old culture
using a sterile micropipette tip sized 0.8 cm and was
introduced to the middle of the media. The growth of the
pathogen was expressed in centimeter (cm) of diameter
growth. Each extracts concentrations were assayed in
triplicate and the mean values were calculated.

Thin layer chromatography bioassays: Acetone and
methanol extract were further subjected to thin layer
chromatography (TLC) for chemical profiling in order to
detect the number of compounds of the extracts that
displayed antifungal properties. Plant extracts were made to
a concentration of 0.2 g mL™ by dissolving in respective
solvents. Extracts (8 milligram or equivalent to 40 pL)
were applied to 2 cm origins on TLC plates (Merck
Kieselgel 60 Fus, silica gel). Plates were developed in a
tank pre-equilibrated with solvent system of ethyl acetate:
hexane (35:65, v/v) or (3:7, v/v). When the solvent reached
16 cm from the origin, the plates were taken out and air-
dried followed by observation under UV light of 254 nm
and 366 nm wavelength to observe the presence of
fluorescence band (Chong, et al., 2006). The plates were
then sprayed with 7-10 days old spores of Aspergillus niger
suspended in Potato Dextrose Broth (PDB) suspension and
incubated in a moist chamber for two days at 20°C-22°C.
Retention factor (Ry) for all bioactive and reactive bands
were calculated and recorded.

Data analysis: Each treatment was replicated three times
to obtain more accurate results. Mean values were
subjected to Analysis of Variance (one-way ANOVA),
and the Tukey test (SPSS statistical package version 20)
was used to determine significant differences (p<0.05)
between treatments.

Results and Discussion
Extraction yield: Choices of solvents play essential role

in terms of the total extract yields (Table 1) and the ability
of the respective solvent to extract the secondary
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compounds for the oil palm leaf. In this study, methanol
gave the highest yield (13.84%) compared to other
solvents, followed by acetone (4.87%), chloroform
(3.00%) and petroleum ether with the least yield (2.48%).
Most bioactive compounds were commonly extracted
using intermediate polarity solvent such as acetone, fewer
in high like methanol and least in low polarity; hexane
(Edziri et al., 2010; Laouini et al., 2012; Sayyad et al.,
2012). Furthermore, nearly all of the identified
antimicrobial compounds from plants are aromatic or
saturated organic compounds, they are most often
obtained through initial ethanol or methanol extract (Das
et al., 2010). Hence the most commonly used solvents for
preliminary investigations of antimicrobial activity in
plants are methanol, ethanol and water (Lourens et al.,
2004; Parekh et al., 2006; Rojas et al., 2006). However,
there was report on extraction of bioactive compounds
such as tannins and other phenolics were better in acetone
than in methanol (Augustin, 1992). Similar result
observed in study done by Masoko & Eloff (2006)
whereby acetone was the best extractant followed by
methanol. From the results Table 1, it showed contrast to
the previous studies as methanol gave the highest yield
(13.84%) followed by acetone extract (4.87%). Methanol
was therefore the best extractant for this study compared
to other solvents based on the quantity of plant material
extracted. On another study, among the 20 different
solvents evaluated, chloroform was found to be the best
solvent for the extraction of non-polar biological active
compounds (Harmala et al., 1992). However, chloroform
used in this study only obtained 3.00% of yield, slightly
higher than petroleum ether (2.48%).

Table 1. Yield from different solvents for oil palm leaf extraction.

Solvents Yield (g) Yield (%)
Methanol 13.84 13.84
Acetone 4.87 4.87
Chloroform 3.00 3.00
Petroleum ether 2.48 2.48

Note: The initial weight of oil palm leaf powder was 100g

Inhibition of Ganoderma growth in media
incorporated with oil palm leaf extract: In vitro
bioassays were conducted to test the fungitoxicity and
antimicrobial activities of the oil palm leaf extracts to
G. boninense. Agar dilution method was chosen among
all three bioassays tested in this study namely paper
disc diffusion and agar well diffusion method as this
method provide better distribution of extract in the agar
which enhanced surface contact of fungal and plant
extract, also, determination of minimum inhibitory
concentration (MIC) can be done (Hadacek & Greger,
2000; Wiegand et al., 2008). From the result, acetone
extract of leaf of oil palm was found to possess good
antifungal activity than methanol, chloroform and
petroleum ether extracts against G. boninense although
with lesser yield as shown in Table 1. This was
comparable to absolute control and negative control.
For acetone leaf extract concentration of 2-20 mg mL™
failed to completely stop the growth of the pathogen.
However, at 40 mg mL™, Ganoderma was completely
stopped up to two weeks of incubation (Fig. 1).
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Growths of G. boninense both in absolute and negative
control were not significant to each other indicate the
toxicity was coming from the extracts and not from the
solvent. Maximum growth (9 cm) was achieved by both
absolute and negative control within the 14 days of
incubation. Fungal growth rate was significant lower for
those incorporated with acetone leaf extract in comparison
to the absolute control. From day 4 till day 14 of the
incubation, the fungal growth rate of G. boninense treated
with the different concentrations of acetone extract was
significantly lower than the mycelia growth in control. G.
boninense were sensitive to all concentrations of acetone
leaf extract. The similar trend was observed for methanol
leaf extract. Whereas, for petroleum ether and chloroform
leaf extract, only at higher concentration such as 10, 20 and
40 mg mL? the fungal growth was significant lower
throughout the 14 days as compared to absolute control.
Higher concentration of crude leaf extracts had the higher
ability to inhibit the growth of G. boninense.

The possible antimicrobial activity may due to
presence of preformed antifungal metabolites in oil palm
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leaf (Ng & Choo, 2010; Sasidharan et al., 2012). Those
components have been reported previously to have
significant antimicrobial activity (Chong et al., 2008;
Syahmi et al., 2010; Jaffri et al., 2011; Rosalina Tan et
al., 2011). Furthermore, previous report by Sasidharan et
al. (2012) had revealed the methanolic extraction of the
leaf of oil palm comprised tannins, alkaloids, reducing
sugars, steroids, saponins, terpenoids and flavonoids in
the extract. The presence of flavonol, hydroxycinnamix
acid, phenolic and o-Diphenol in oil palm leaf has also
been reported by Ng & Choo (2010). Characterization of
the oil palm leaf compound involved in biochemical and
molecular defense against pathogen has been conducted
by Vijayarathna et al. (2012) using FTIR analysis and
demonstrated eight functional groups which were (OH)
stretching vibrations from phenols present in the extract,
carboxylic acid groups, aromatic, alkene C=C, primary
alcohol and phenol groups. Therefore, there may be
possibility of these compounds to be responsible for the
antimicrobial against Ganoderma observed in the
current study.
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Fig. 1. Comparison of Ganoderma boninense mycelia growth in different concentrations oil palm leaf extract (I: Acetone extract; I1:
Methanol extract; I11: Chloroform; IV: Petroleum ether) for 14 days of incubation.

TLC bioautographic: To further investigate properties
that may contribute to In vitro inhibition of G. boninense
growth as in In vitro bioassays, a thin layer
chromatography (TLC) bioassay was conducted. Each
extract (40 pL or 8mg) was loaded on the origin of the
TLC plate. Ethyl acetate and hexane were used as the
mobile phase to develop the TLC plate at different ratio.
Varying the ratio of the mobile phase would affect the R¢
value of the separated compounds. Polarity difference
between compounds and solvent systems, make the
compounds that have relatively high R¢ values in polar

solvents will have low R values in non-polar solvents
(Suleiman et al., 2010). Methanol extract developed in
ethyl acetate: hexane (35:65) was separated into 13 spots
whereas acetone extract developed in ethyl acetate:
hexane (3:7) was separated into 11 spots (Figs. 2 & 3).
The antifungal activity of the methanol and acetone crude
extract was examined using a bioautography sprayed with
Aspergillus niger. Weak inhibition zones were observed
when the A. niger failed to grow in the area containing
these bioactive compounds. Acetone extract was found to
possess good antifungal activity at R¢ 0.09, 0.21, 0.24, and
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0.60 (Fig. 2) compared to methanol extract which only
showed inhibition zone at Ry 0.74 (Fig. 3). Higher R¢
values indicated that the compound might be of less polar
or non-polar characteristics when developed in this
system. In comparison to the current work, bioautography
studies done by Masoko and Eloff (2006) on
Combretaecae species revealed most of the antifungal
compounds against A. fumigatus were relatively non-polar
and therefore did not separate well in the polar eluent
ethyl acetate: methanol: water instead have better
separation in non-polar eluent which were combination of
benzene: ethanol: ammonium hydroxide. Due to the
properties of the solvent system used was of least polar
thus, most of the polar components were failed to separate
and retained at the origin of the TLC plates. Few
compounds appeared to present at the origin of the plate
resulting in clear inhibition zone for both TLC bioassays.
The polar bioactive compounds contained in the oil palm
leaf may probably contribute to this scenario. These
potential compounds could be of saponins as saponins are
one of the preformed antimicrobial compounds extracted
mostly with acetone and methanol (Osbourn, 1996;
Masoko & Eloff, 2006). Saponins molecules have been
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implicated as determinants of a plant’s resistance to
fungal attack. A number of other properties are also
associated with these compounds, including pesticides
and molluscicidal activity; allelopathic action; and
antinutritional effects (Osbourn, 1996).

The beneficial medicinal effect of plant materials
basically results from the secondary products present in the
plant and is not usually attributed to a single compound but
a combination of the metabolites (Parekh et al., 2006).
Hence, the non-activity of the extracts against A. niger by
using bioautography assays could be explained by a weak
activity of the extracts against the fungal, with the
disruption of synergism between active constituents caused
by TLC separation, or the low concentration of the active
compounds in the crude leaf extract under the tested
conditions. There were few cases where fungi did not grow
well on certain parts of the bioautograms, making it
difficult to evaluate the number of inhibition bands. Mild
activity of these extracts in bioautography may possibly be
explained by evaporation of the active compounds during
removal of the TLC elutes or by the disruption of
synergism between active constituents caused by TLC
separation (Schmourlo et al., 2004).

Fig. 2. Detection of inhibitors using TLC bioassay of acetone
leaf extract against A. niger. Extract with active ingredient (Al)
of 8 mg (or 40 pL) were applied to 2 cm length on origin. Weak
antifungal activities (circled in red) were observed. Solvent
system used ethyl acetate: hexane (3:7, v/v).

Conclusion

This study has successfully identified novel roles of
oil palm leaf extract and their efficacies in controlling the
growth of a very challenging plant pathogen, G.
boninense. Acetone extract of leaf of oil palm possess
better antifungal activity among the four, with the lowest
tested concentration; 2 mg mL™ can inhibit the growth of
G. boninense while 40 mg mL™ totally killed the
pathogen, In vitro. The highest tested concentration of
methanol and petroleum ether extracts; 40 mg mL™ only
inhibited the growth of G. boninense in comparison to
control. The identification of the compound of interest
which causing the inhibition to Ganoderma need further
investigation. This report suggests the potential of oil
palm leaf extract as a natural biofungicide in controlling
Ganoderma boninense.

Fig. 3. Detection of inhibitors using TLC bioassay of methanol
leaf extract against A. niger. Extract with active ingredient (Al)
of 8 mg (or 40 pL) were applied to 2 cm length on origin. Weak
antifungal activities (circled in red) were observed. Solvent
system used ethyl acetate: hexane (3:7, v/v). Note the higher R¢
of the zones of inhibition than in Fig. 2.
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