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Abstract
The antifugal activity of methanol extracts of Piper betle (leaves) and its fractions was evaluated against
Rhizoctonia Solani by agar well diffusion method. Phytochemical analysis of the extract, revealed the
presence of alkaloids, phenolic compounds, tannins, terpenoids and cardiac glycosides. In antifungal
assay the methanol extract and its four fractions (Fractions 6, 7, 9 and 10) displayed activity against R.
solani. Fraction 6 exhibited the highest zone of inhibition (33- 45 mm at 5-20%) with MIC value of 0.78
mg/ml. Fraction 6 and 7 showed maximum inhibition up to 10% concentration, showing no further
increase in activity upon increasing the concentration. Fraction 9 and 10 displayed zone of inhibition 1017 mm, while fraction 12 was not effective. Better antifungal activity displayed by fraction 6 highlighted
further research on identification of the active compounds, which could be useful in developing
antifungal agent for controlling R. solani.
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1. Introduction
Rhizoctonia solani Kuhn causes diseases in many economically important agricultural crops [15]
. Strategies to control Rhizoctonia diseases are limited due to its ecological behaviour, its
extremely broad host range and the high survival rate of sclerotia under various environmental
conditions. The plant kingdom represents an enormous reservoir of various biologically active
molecules, which have been reported to control of pathogenic fungi [6-13]. NE region of India is
a vast repository of medicinal flora and bears immense scope in finding new biologically
active plant compounds for management of plant diseases. This region was reported to be one
of the two centres of species diversity of Indian Piper (Piperaceae) [14, 15]. Piper species are of
great interest owing to their variety of biological properties [16, 17]. In our previous study, we
observed the promising antifungal activity of different solvent extracts from Piper betle leaves
against a number of plant pathogenic fungi [7, 8, 9, 18, 19]. The present study has been designed to
evaluate the antifungal potential of crude methanol extracts of P. betle leaves and its fractions
against R. solani.
2. Materials and methods
2.1 Collection and extraction of plant sample
Fresh leaves of P. betle were collected from Tezpur, Assam, washed thoroughly, shade dried
and crushed into coarse powder and extracted with methanol [20]. The filtrate was concentrated
to dryness at 40 °C under reduced pressure using rotary vacuum evaporator (Heidolph
Instruments GmbH & Co. KG, Germany) to get the crude methanol extract.
2.2 Phytochemical analysis
Phytochemical analysis of the methanol extracts of P. betle leaves was performed for the
presence of alkaloids, phenolic compounds, tannins, phlobatannins, saponins, flavonoids,
terpenoids and cardiac glycosides [21- 23].
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2.3 Fractionation of methanol extracts
Methanol extract of P. betle was fractionated by column chromatography. The glass column
with sintered disc (450x 30 mm) was packed with silica gel (60-120 mesh, 100 g) slurry
prepared in hexane. Crude methanol extract (1 g) was dissolved in minimum amount of
methanol and the solution was adsorbed on 10 g of silica gel and allowed to dry. The adsorbed
silica was loaded into the column. The fractions were eluted stepwise by gradient of mobile
phase, hexane-ethyl acetate-methanol-water (hexane, hexane: ethyl acetate- 9:1, 1:1, 1:9, ethyl
acetate, ethyl acetate: methanol- 9:1, 1:1, methanol and water).
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was also explained previously [6, 25].
In negative control set (DMSO) no zone was observed.
Activity of bavistin at very low concentration (0.01%) (zone
of inhibition: 14 mm), compared to the extract and fractions
may be attributed to its pure nature. Better activity spectrum
of fraction 6 could be due to removal of undesirable
compounds present in the crude extract that got removed
during fractionation. Still there is chance of presence of
inactive compounds in the fraction which need further
refinement to isolate the active antifungal principles.

Each fraction was concentrated to dryness at 40 °C under
reduced pressure using rotary vaccum evaporator (Heidolph
Instruments GmbH & Co. KG, Germany).
2.4 Test fungus
Pure culture of R. solani was maintained on potato dextrose
agar slant and inoculum was prepared by culturing the test
fungus on potato dextrose broth and incubated at 28±2 °C for
96 h.
2.5 In vitro assay for antifungal activity
Antifungal activity of the methanol extract and column
fractions was determined by agar well diffusion method [24].
Test sample was prepared by dissolving the extract/ fractions
in required amount of dimethyl sulphoxide (DMSO) and
distilled water was added to obtain the concentrations of 5, 10
and 20% and then filtered using Millipore filter (MILLEX®
GP, Ireland, 0.22 µm pore size). Each PDA plate was
swabbed with 200 l of inoculum. Well of 7 mm diameter
was made in the agar plate with a sterile cork borer and
loaded with 200 l of the test sample and allowed to diffuse at
room temperature for 2 h. Then the plates were incubated at
28±2 °C for 96 hours. Bavistin (0.01%) was used as positive
control while DMSO was used negative control. Each
treatment was replicated thrice.

Table 1: Antifungal activity of methanol extract of Piper betle and
its fractions against Rhizoctonia solani
Zone of inhibition (diameter in mm)
Concentration (%)
5
10
20
Methanol extract
24
33
38
Fraction-6 (Hex:EtOAc-1:1)
33
45
45
Fraction-7 (Hex:EtOAc-1:1)
16
20
15
Fraction-9 (Hex:EtOAc-1:9)
10
13
17
Fraction-10 (EtOAc:MeOH-9:1)
0
0
15
Fraction-12 (EtOAc:MeOH-1:1)
0
0
0
DMSO
0
Bavistin (0.01%)
14

Extract/Fraction (mobile phase)

Hex: Hexane; EtOAc: Ethyl acetate; MeOH: Methanol

4. Conclusion
In this study the column fractions showed better antifungal
activity than the crude methanol extract of P. betle. Thus the
results holds the promise for further work on isolation and
identification of the active compounds, which could be used
to develop safe and effective antifungal agent for management
of plant pathogenic fungi, particularly Rhizoctonia solani.

2.6 Determination of minimum inhibitory concentration
The minimum inhibitory concentration (MIC) value of the
most active column fraction was determined by broth
microdilution assay [11]. Test fraction (50 l) prepared in
DMSO was serially diluted in 96-well microtiter plate with
potato dextrose broth to obtain a concentration ranging from
0.39 to 50 mg/ml. Same volume of inoculum (50 l)
containing approximately 104 CFU ml-1 was added in each
well. The plates were incubated at 28 2 °C for 96 h. The
MIC was interpreted as the lowest concentration of the
fraction showing no visible growth on the broth.

5. Acknowledgments
The authors express sincere gratitude to Dr. (Fr.) Augustine
Thottakkara, Chancellor and Dr. (Fr.) Thomas C. Mathew,
Vice-Chancellor, Christ University, Bangalore, for providing
amenities to carry out this study.

3. Results and discussion
Phytochemical analysis revealed the presence of alkaloids,
phenolic compounds, tannins, terpenoids and cardiac
glycosides in the methanol extract of P. betle. Phlobatannins,
saponins and flavonoids were not detected. The column
chromatography of the methanol extracts of P. betle yielded
17 fractions. Among these, fraction 6, fraction 7, fraction 9,
fraction 10 and fraction 12 were tested for their effect on the
growth of R. solani. The remaining fractions were not
considered due to their insufficient quantity. The results of the
bioassay revealed that antifungal substances are present in
methanol extract and the fractions 6, 7, 9 and 10 at varying
range (Table 1). Highest inhibition was exhibited by fraction
6 with zone of inhibition of 33 to 45 mm at the test
concentrations (5-20%). This fraction showed maximum zone
at 10% concentration. There was no further increase in the
zone of inhibition upon increasing the concentration. The
MIC value of this partially purified fraction (Fraction 6) was
recorded as 0.78 mg/ml against the test fungus. Similarly for
fraction 7 also, maximum zone of inhibition was recorded at
10% concentration. Further increasing and decreasing the
concentration resulted in a smaller zone of inhibition. This
might be due to poor solubility of the active components that
may lower the rate of diffusion of the active components in
the culture medium. Fraction 9 and 10 displayed less activity
(zone of inhibition: 10-17 mm), while fraction 12 was found
not active. Differential antifungal activity of column fractions
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