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Abstract - Several species of fungi are responsible for the post-harvest deterioration. Among them, Rhizopus
stolonifer, Colletotrichum gloeosporioides and Aspergillus spp. are the major causal organisms of post-harvest
diseases. Synthetic fungicides are one of the most effective controlling methods for health hazards. Hence, there
is an urgent need for developing a bio-safe method for the control of this pathogen without the use of chemical
fungicides. The aim of the present study was to investigate the Antifungal effect of Adhathoda vasica - leaves,
Azadirachta indica- seeds, Ricinus communis - seeds, Clerodendrum infortunatum-leaves and Pistia
stratiotes- leaves via in vitro, on the growth of Rhizopus stolonifer, Colletotrichum gloeosporioides and
Aspergillus spp. Five different solvents; methanol, ethanol, chloroform, petroleum ether, and sterilized
distilled water were used for plant extraction. Disk diffusion assay was conducted to evaluate the performances
of each plant extract against all three fungi. A wide range of yields among extracts was observed depending
on the extraction solvent and plant material used. Ardathoda vasica leaf extract gave the highest inhibition in
all five solvents; methanol, Chloroform, Petroleum ether, Ethanol, and Sterilized distilled water have shown
the maximum zone of inhibition of all three fungal species. The second highest inhibition was observed in all
Azadirachta indica extracted in solvents; Methanol, Chloroform, Petroleum ether, ethanol, and Sterilized
Distilled Water with the higher inhibition zones of all three fungal species. Among the solvents, ethanol
performed the best, having the highest inhibition zone in between 10 - 14 mm range including in the control
with solvent only followed by moderate performances in the other plant extracted solvents; Methanol and
Chloroform, while distilled water and petroleum ether were least effective against all fungal species. In the
present study, the natural product extracts identified to inhibit fungus species with high potency are leading
candidates for antifungal identification. The most effective plant extracts against the Rhizopus stolonifer are
Ardathoda vasica and Azadirachta indica. The study revealed a promising prospect for the utilization of
selected plant extracts in postharvest diseases control and the potential to develop bio fungicides using
botanicals.
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1.0 INTRODUCTION

Post-harvest losses of fruits and vegetables mainly occur due to improper postharvest
practices, diseases, and lack of facilities and technology to extend their storage life. Among
all the factors for reducing the losses on food supply, postharvest diseases are a major
factor that causes the losses by limiting the duration of storage (Karabulut and Baykal,
2004; Liu et al, 2005). It is estimated that post-harvest diseases destroy 10-30 % of the total
yield of crops and in some perishable crops, especially in developing countries; they
destroy more than 30% of the crop yield (Agrios, 2005). Several species of fungi are
responsible for post-harvest deterioration. They belong to different genera including
Penicillium, Botrytis, Alternaria, Gleosporium, Mucor, Rhizopus, Fusarium, Monilinia and
Aspergillus (Liu et al, 2013). Generally, controlling these pathogens is quite efficiently
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performed by synthetic chemical fungicides. However, it is recorded the increased
resistance against the limited number of authorized chemical fungicides at present has
increased the efforts of finding alternative or complementary control measures among the
researchers (Ippolito et al., 2005; Smilanick et al., 2008; Droby et al., 2009; Sanzani et al.,
2009; Sharma et al., 2009; Mari et al., 2010).

Extracts containing different classes of phenolic compounds from many plants have
recently gained popularity as well as scientific interest for their antibacterial and antifungal
activity (Lee et al., 2007; Verastegui et al., 2008; Santas et al., 2010, Rauha et al., 2000; Al-
Zoreky, 2009). Phenolic compounds represent a rich source of biocides and preservatives
that have been explored for a long time as postharvest alternative control means (Lattanzio,
2003). The components with phenolic structures, like carvacrol, eugenol, and thymol were
highly active against the plant pathogens. With its rich biodiversity, Sri Lanka is blessed
with many unexplored wild herbaceous species with different capacities and which are
possible to incorporate into crop development by means of fertilizers or as pesticides. They
are interesting from an ethnobotanical point of view since a lot of them are used in Sri
Lanka as a source of drugs in traditional and Ayurveda medicine. In fact, they are known
as a rich source of antioxidant, anti-inflammatory, diuretic, antibacterial, and antiviral
active substances, with medicinal as well as cosmetic applications (Yukawa et al.,1996;
Dhiman and Chawla, 2005; Wang et al., 2006; DiVenere et al., 2009). The literature claims a
very low number of explorations of antimicrobial activity of phenolic obtained from wild
species against postharvest fungal pathogens. Therefore, the objective of the present study
was to evaluate the in vitro antifungal activity of different solvent extracts of five medicinal
plants. Preliminary data were analyzed to study the efficacy of the different solvent extracts
of selected plants in preventing the growth of three post-harvest fungal species.

2.0 METHODOLOGY
2.1 Plant Materials

Plants of five tropical plant species (Pistia stratiotes, Adhathoda vasica, Ricinus communis,
Clerodendrumin fortunatum, Azadirachta indica) were collected from Low Country Wet Zone
in Sri Lanka and classified according to botanical name and family (Table 1). Plant parts were
collected and transported to the laboratory where they were cleaned washed with distilled water
followed by washing with 5% of Sodium hypochlorite (NaOCl) and added with a few
drops of Tween-20.

Table 1: Plant - extracts

Scientific name Common name Plant Part used
Pistia stratiotes Water lettuce Leaves
Adhathoda vasica Adathoda Leaves
Ricinus communis Castor plant Seeds
Clerodendruminfortunatum Hill glory bower Leaves
Azadirachta indica Margosa Seeds

2.2 Preparation of plant Crude Extracts
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Analytical grade solvents; methanol, petroleum ether, ethanol, chloroform, and Sterilized
distilled water were used as extraction solvents. Plant tissues were homogenized by
following the method described by Gurjar et al., in 2012 with slight modifications. Plant
materials were ground by using sterile mortar and pestle by adding sample: solvent as
1:10, subjected to shaking at 100 rpm for 24 hours at room temperature. Extracts were
subjected to filtration (What-man 42 filter paper), where three-time filtration was done
with the respective solvent each time followed by centrifugation at 4000 rpm for 20
minutes. The filtrate was concentrated through a rotary evaporator until a sticky dark
green crude extract was obtained at 700 ppm pressure and 50°C for Methanol, Ethanol,
Petroleum Ether, and Chloroform and at 0°C for distilled water. The crude extracts were
kept in an airtight container and stored at 4°C until further use.

2.3 Preparation of the fungal cultures

Rhizopus stolonifer, Colletotrichum gloeosporioides, and Aspergillus spp isolates were collected
from the Department of Botany, Faculty of Natural Science, The Open University of Sri
Lanka, Nawala, Nugegoda. The fungal cultures were subcultured from potato dextrose
agar (PDA) slants into the plates of freshly prepared potato dextrose agar growth medium.

2.4 Antifungal assay

Antifungal activities were performed through the Agar Disc Diffusion method (Bauer et
al, 1966; Rios et al, 1988; Alzoreky et al, 2003) and recommended by the NCCLS (National
Committee for Clinical Laboratory Standards). The 100 mg/ml plant extract stock solutions
were prepared by dissolving in relevant solvent for trials. Each prepared was filtered using
sterilized SF13-N-22P Nylon welded syringe filter (ALWSci technologies.
www.chinasepta.com) with 0.22 um size pores.100 pg/ml concentration test solutions were
prepared by adding each solvent as per the equation, C1V1=C,V, where C; and V1 are the
concentration and volume of stock solution and C,V:are the concentration and volume of
test solution respectively. Organisms were subcultured on Potato Dextrose Agar (PDA) at
30°C for 10 days. Conidia were harvested in sterile saline, and using a hemocytometer, the
conidial suspension was adjusted to 1.0 x 10¢ conidia/ ml. Mueller-Hinton (MH) agar plates
were streaked evenly with a sterilized swab dipped into the standardized inoculums
suspension. Crude extract impregnated discs were aseptically transferred on the
inoculated agar plates and left to be incubated at 28 °C for 72 hrs to 7 days (Salie et al., 1996;
Baris et al., 2006). The clear zones of inhibition around the test crude extract disc were
measured for any indication of antimicrobial activity. Solvents were used as negative
controls. All assays were carried out in triplicate.

2.5 Data and statistical analysis

Microsoft Excel software (version 13) was used for basic descriptive statistical analysis.
Linear growths (LG) for antifungal activities were calculated by measuring the inhibition
zones' diameter in millimeters. Antifungal activities were measured by the formula
described by Mahmood et al., 2012. Data were analyzed by one-way ANOVA with 95%
level of confidence (P < 0.05).

3.0 RESULTS AND DISCUSSION
Rhizopus stolonifer, Colletotrichum gloeosporioides and Aspergillus sp. were very sensitive to
Adhathoda vasica - leaves, Azadirachta indica- seeds, Ricinus communis - seeds, Clerodendrum
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infortunatum-leaves and Pistia stratiotes- leaves as colony growth of this fungus was
inhibited or reduced when the growth media was amended with plant extracts. The result
of the in vitro screening tested against Rhizopus stolonifer, Colletotrichum gloeosporioides, and
Aspergillus spp. revealed that there was a significant difference (*p<0.005) in antifungal
effect among treatments when using different solvents; methanol, ethanol, chloroform,
petroleum ether, and sterilized distilled water. There was a significant difference among
the antifungal effect of five plant extracts; Adhathoda vasica, Azadirachta indica, Ricinus
communis, Clerodendrum infortunatum and Pistia stratiote leaves in five different solvents;
methanol, ethanol, chloroform, petroleum ether, and sterilized distilled water in inhibiting
the colony growth of Rhizopus stolonifer, Colletotrichum gloeosporioides, and Aspergillus spp.
Figure 1, 2, and 3 indicates the selected fungal colony inhibition in the present study.
According to figure 01, Adhathoda vasica had the highest zone of colony inhibition (14 mm)
among plant extracts in petroleum ether and Ethanol solvents. Azadirachta indica were also
capable of inhibiting radial colony growth (14 mm, 12.67 mm) of the fungus Rhizopus
stolonifer. Further, figure 01 indicates the Ricinus communis and Clerodendrum infortunatum
ethanolic extracts strongly inhibited (13 mm) the mycelial growth of Rhizopus stolonifer.
The inhibition of the mycelium growth of the Rhizopus stolonifera was visible in the negative
control with solvents only having <8 mm inhibition. This could be due to chemical
inhibition of fungi. However, when compared with other plant extracts Adhathoda vasica
and A. indica had significantly higher mycelium inhibition in Rhizopus stolonifer. The
previous studies revealed that these inhibitory activities are due to the direct toxic effects
of plant extracts on the pathogens (Bhutia et al.,2015; Chowdhury et al., 2017). Mohamed
and El-Hadidy in 2008, detected those antifungal activities of the plant extracts also is a
course of the presence of secondary plant metabolites such as terpenoids, phenols,
flavonoids, alkaloids. Further, Tunwari and Nahunnaro revealed in 2014 that the presence
of these plant metabolites indicates the fungicidal properties of natural plant products and
their potential to control plant diseases. As per the Tijjani et al. (2014) and Chowdhury et
al. (2017) the increase in the concentration of plant extracts implied an increase in the active
ingredients of the crude extracts which act on the test pathogens thereby affecting its
physiological processes, lowering the growth of the pathogens.
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Plants extracted in solvents

Fig. 01: Total Effect of leaf and seed extracted in different solvents; Chloroform,
Ethanol, Methanol, Petroleum ether and Sterilized Distilled water, on mycelial growth
of Rhizopus stolonifera
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In this study, the five plants extract with five solvents screened showed different effects on
C. gloeosporioides. This study has demonstrated the possibility of using extracts from some
plants to control the mycelial growth of C. gloeosporiodes. Ethanol extract of Adhathoda vasica
showed (12.33 mm) the highest inhibition of mycelium of Colletotrichum gloeosporioides.
Clerodendrum infortunatum and Azadirachta india also inhibited (12 mm, 10.67 mm) colony
inhibition of the fungus. Ethanolic Ricinus commuis extract gave 6.5 mm inhibition among
other solvents. Only ethanol solvent had a slightly high zone of inhibition (figure 02).
According to figure 02, A. indica showed higher inhibition towards the C. gloeosporiodes
than other plant extracts.

b
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C\ rodend
Adhathoda vasica Azadirachta ind Pistia stratiote Solvent only

Zone of inhibition (mm)

W Chloroform solvent 6.17 10 10.33 5.5 5.5 55
M Ethanol solvent 12.33 10.67 12 6.5 10.67 5.5
W Methanol solvent 5.5 7.17 5 5 5.5

M Petroleum ether solvent 5.5 5.5 5.5 5.5 5.5 5.5
M Sterilize distilled water solvent 5.5 5.5 5.5 5.5 5.5 5.5

Plants extracted in solvents
Fig 02: Total Effect of leaf and seed extracted in different solvents; Chloroform,
Ethanol, Methanol, Petroleum ether, and Sterilized Distilled water, on mycelial growth
of Colletotrichum gloeosporioides

Ethanolic Ricinus communis seeds extraction gave 15 mm inhibition of Aspergillus sp. as well
as ethanolic Adhathoda vasica leaves Azadirachta indica seeds, Clerodendrum infortunatum
leaves, and Pistia stratiotes- leaves extracts were capable of 13 mm,12 mm, 12 mm, 14.33 mm
inhibition of mycelium growth of Aspergillus sp. Only consider about solvent Ethanol also
gave the highest inhibition (14.67 mm) than the other four solvents. This has to be further
studied to clarify the effects of ethanol on growth inhibition on Aspergillus sp. In addition,
chloroform, as well as methanol showed higher inhibition in control, were required further
studies or clarifications. Moreover, none of the extracts of Adhathoda vasica, as well as
Azadirachta indica showed significant inhibition on Aspergillus sp.

Adhathoda vasica and Azadirachta indica extracted in ethanol showed significantly higher
growth inhibition of all three fungal species, R. stolonifer C. gloeosporioides and Aspergillus
sp. beyond that, Ardathoda vasica and Azadirachta indica gave higher mycelium growth
inhibition on Rhizopus stolonifer. Asdaq and Inamdar in 2010 reported that the aqueous
extracts of plants generally showed antimicrobial activities. As per the findings of Belewa
et al, in 2011, extract of A. indica and Chromolalenaodonata inhibited the growth of A. niger,
F. oxysporum, R. stolonifer and Geotrichum candidum. Anukworji et al, 2012 stated that the
ability of the leaf extract of A. indica, R. comunis, and M. indica to inhibit growth and spore
germination of R. stolonifer and F. oxysporum could be due to the presence of fungi toxic
compounds in the extracts of the three plant species. In the present study, A. indica showed
high effectiveness in Aspergillus sp. Like Aspergillus niger and R. stolonifer. Among the five
solvents, moderate antifungal activity was shown by plants, Ricinus communis, and
Clerodendrum infortunatum extracted in all solvents other than ethanol extracted.
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Fig 03: Total Effect of leaf and seed extracted in different solvents; Chloroform,
Ethanol, Methanol, Petroleum ether, and Sterilized Distilled water, on mycelial growth
of Aspergillus spp

Further, as per figures 02 and 03, ethanol had the highest fungal inhibition, with respect to
the solvents used for extraction in the present study. Figure 02, explain the higher
inhibition zone in between 10 - 14 mm range including the control with solvent only having
the inhibition zone of 7 mm followed by other extracts; Methanol and Chloroform, while
distilled water and petroleum ether were least effective against R. stolonifer. This is an
indication that the active principles in these mosses are predominantly polar. These results
are in agreement with those of Alam et al. (2011) as well as the results of Femi-Adepoju et
al, (2014) that aqueous extract of the liverwort Dumortiera hirsute was found to inhibit a
number of phytopathogenic fungi mediated by different modes of action such as spore
germination inhibition, development of anomalies in the hyphae, formation of the flaccid
cell wall and granulated cytoplasm. The present results also partially agree with those of
Basile et al. (1998) in which acetone extract of Lunularia cruciate (a bryophyte) showed no
activity against Candida albicans and Aspergillus niger as well as the findings of Amadioha
(2001) who investigate the effects of Cymbopogon citratus, Azadirachta indica (Neem) and
Ocimum gratissimum extracts on controlling of the growth of Rhizopus oryzae in vitro and in
vivo. In the tests involving acetone and petroleum ether as solvents, the absence of
antifungal activity is suspected to be due to the presence of non-polar molecule(s) in the
extracts resulting in the inability of the molecules to cross the fungal cell wall (Basile et al.,
1998). Therefore, in the present study the highest mycelium inhibition was achieved by the
Ardathoda vasica and Azadirachta indica plant extracts against the Rhizopus stolonifer.

4.0 CONCLUSION

In the present study, the natural product extracts identified to inhibit Rhizopus stolonifer,
Colletotrichum gloeosporioides and Aspergillus sp with high potency are leading candidates
for antifungal identification. The most effective plant extracts against all three fungal species
are Ardathoda vasica leaves and Azadirachta indica seeds. The present study also confirms the
in-vitro synergistic effect of Ardathoda vasica leaves and Azadirachta indica against the
Rhizopus stolonifer. In-vitro experiment showed that ethanolic Ardathoda vasica leaves and
Azadirachta indica seeds resulted in highest colony inhibition on Rhizopus stolonifer. Isolation
of the active compounds from ethanolic extracts could lead to improved antifungals for
use in agriculture to preserve food crops as well as in the pharmaceutical industry for the
treatment of mycoses. Moreover, the results of the study will form the base for the selection
of plant species for further investigation in the potential discovery of new natural bioactive
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compounds. Further studies that aim at the isolation of antibacterial active constituents
from the plant have to be initiated while estimating the Minimum Inhibitory Concentration
(MIC) of the plant extracts in different solvents.
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