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Abstract: The fruits of Flacourtia inermis are widely used by people of Kerala but its medicinal significance is
still unknown. In the present study, acetonic extract of Flacourtia inermis fruit was examined for their
antifungal activity against opportunistic human pathogens such as Aspergillus fumigatus; Aspergillus flavus,
Aspergillus niger, Mucor ramosissimus and Chrysosporium species. The study showed that the fruit extract
possessed highest activity against Aspergillus fumigatus with an average inhibition zone of 47 mm. Least
susceptibility was shown by Aspergillus niger with a mean zone of inhibition of 30 mm, which also is a
promising result for a plant extract. Aspergillus flavus, Mucor ramosissimus, and Chrysosporium sp. were also
powerfully inhibited by the fruit extract. MIC of the acetonic extract was also detected. The study reveals that
the acetonic extract of Flacourtia inermis fruit contains powerful agents active against human opportunistic
pathogenic fungi.
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INTRODUCTION

Modern life style, increased urbanization
and disturbances of ecological balance
provide ample scope to microorganisms
for their rapid pervasion among world
population. On considering different
microbial infections, fungal infections are
found to be increasing in recent years [1].
Latest investigations revealed that most of
the saprophytic fungi of the early days
have now changed into opportunistic
human pathogen especially among patients
with immunological disorders [2]. The
fungal infections especially internal
infections are difficult to cure using the
present antifungal drugs. Some internal
infections may lead to secondary
infections, tissue necrosis or even organ
damage. Fungal toxin like ‘Aflatoxin’ is
very dangerous to man and animals. They
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are powerful carcinogens [3, 4, and 5].In
modern medicine, the drugs available to
treat mycoses and other fungal diseases are
limited. More over, these drugs have many
problems including rapid development of
resistance by  pathogen, interaction
problems between drugs, histotoxicity, and
so on [6]. Thus, there is an urgent need for
the development of more efficient
antifungal agents with fewer limitations,
less side effects and a broad-spectrum
antifungal activity [7].Since the 19"
century, plants and their products have
been extensively used in medicine for
treating various fungal diseases [8, 9]. The
reason is that plants and their parts contain
several compounds of different chemical
composition called secondary metabolites
or natural products. These biologically
active compounds may serve as a drug for
direct use, as a precursor for synthesis of
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other drugs, or as a prototype for synthesis
of de novo drugs [10].Flacourtia inermis
Roxb. belongs to  the  family
Flacourtiaceae. This tree is common in
rural areas and villages of Kerala State in
India. In Kerala, its fruit is commonly
known as Loika or Lavalolikka. Fruit is
reddish purple in colour with the size of a
cherry [11]. In South India, these are used
for preparing jams, jellies, syrup and
chutney. These fruits have not yet been
identified in folk or modern medicine
because its antimicrobial and other
biological properties are still unknown.
However, one report shows that its fruit
contains tremendous antioxidant
compounds [12]. In the present study, a
first attempt is made for investigating the
antifungal property of Flacourtia inermis
fruit against different saprophytic fungi.

MATERIALS AND METHODS
Preparation of the crude extract

Fresh fruits of Flacourtia inermis were
collected from villages of Kerala state.
Fruits were brought to the lab in fresh
condition and washed first with tap water
and then with saline water followed by
distilled water, wiped dry and cut into
several small pieces, dried in Hot air oven
at 60 °C and was powdered in a mixer
grinder. 250 grams of the dried powder
was serially extracted with 500 ml each of
petroleum ether, acetone, methanol and
water using a Soxhlet extractor. The
extract was concentrated by vacuum
evaporation using a rotary evaporator and
the concentrate was stocked in a
refrigerator at 4 °C and used for antifungal
studies. Only the acetonic extract was used
for antifungal studies because other
extracts were found to be less active
during preliminary antifungal studies.
From the acetone-Soxhlet extract stock,
aliquot was taken and re-dissolved in 1ml
acetone to get a final concentration of 50
mg/ml. This was used for the antifungal
susceptibility test. For MIC, 50 mg/ml of
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acetonic extract was taken as the stock
sample. From this stock, 40 mg/ml, 30
mg/ml, 20 mg/ml, 10 mg/ml and 0.5
mg/ml were prepared.

Fugal strains

Fungal strains used for the study were
opportunistic human pathogens.  They
were Aspergillus fumigatus, Aspergillus
flavus,  Aspergillus  niger,  Mucor
ramosissimus and Chrysosporium species.
Strains were sub cultured on Sabouraud’s
Dextrose Agar (SDA) medium, incubated
at 25 °C — 28 °C for 2 — 10 days and were
maintained at 4 °C in a refrigerator.

Antifungal susceptibility test

Antifungal susceptibility test was done by
Agar Well Diffusion method [13, 14].
After adding the fungal spore’s inoculum
into the sterile SDA medium aseptically, it
was poured to plates and allowed to set. A
well of 6mm diameter was made at the
centre of each plate by a sterile cork borer.
Depth of the well was sufficient to
accommodate 1ml extract. Then 1ml of the
acetonic extract with a concentration of 50
mg/ml was poured into the well. For MIC
determination, 1 ml of acetonic extract
with each respective concentration was
added separately into each plate. In control
experiment, 1ml of acetone alone (without
fruit extract) was added. Both test and
control plates were incubated at 25 °C - 29
°C for 2-7 days. After the incubation
period, antifungal activity was evaluated
by measuring the diameter of zone of
inhibition in  millimeters. Test was
repeated three times, mean value was
calculated and recorded as the result.

RESULTS AND DISCUSSION

Table 1 and Figure 1 show the antifungal
activities of the acetonic extract of fruit of
Flacourtia inermis. Control experiment
did not show inhibitory zone. The solvent,
acetone, alone is ineffective to produce
antifungal activity. However, acetonic
extract showed prominent inhibitory
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activity against all the tested strains, which
shows that the components of the extract

Mucor ramosissimus, and Chrysosporium
sp. were also powerfully inhibited by the

rather than the solvent is responsible for fuit extract.
antifungal activity. Maximum
susceptibility was given by Aspergillus

fumigatus with an average inhibition zone

Table 1: Antifungal activity of the acetonic extract of
Flacourtia inermis fruit against opportunistic ~ pathogenic

. ) : fungi.
of 47 mm against the extract, which is an Diameter of zone of inhibition
it S Fungal Strains tested in mm

exciting res_ult from_a plant extract. A_m_o_ng No. e Tost Tes Nean
the susceptible strains, least susceptibility I I t  value

i i 11
\_/vas shown by Aspgrg_lll_u_s niger, although 1 Aspergillus fumigatus 45 46 50 47
its mean zone of inhibition was 30 mm, 2 Aspergillus niger 30 25 3B 30
which is also a promising result when 8 Aspergillus flavus 0 %233

. .. 4 Mucor ramosissimus 42 44 40 42
ComparEd to the ant|funga| aCt|V|ty of 5 Chrysosporium sp. 33 34 35 34

other plant extracts. Aspergillus flavus,

Aspergillus fumigatus: acetone extract

Figure 1: Antifungal activity of the acetonic fruit extract of Flacourtia inermis against opportunistic human pathogens

Aspergillus flavus: acetone extract

MIC of the acetonic extract of the
Flacourtia inermis fruit

MIC represents those lowest
concentrations of the acetonic crude
extract of the fruit that could effectively
inhibit the growth of tested organism.
Table 2 and Figure 2 show the MIC of the
acetonic extract of fruit of Flacourtia
inermis against opportunistic pathogenic
fungi. The genus Aspergillus is a
saprophytic mould living in different
habitats like water, soil, organic matter,
etc. However, more than 60 species of
Aspergillus have been recognized as
human pathogen. Important diseases
caused by them are invasive aspergillosis,
bronchoplumonary aspergillosis,
pulmonary aspergilloma and different
forms of allergies. Respiratory mucosal
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membrane is the primary target of these
pathogens [15]. Infections are more
prevalent in persons who have taken
multiple  antibiotics, steroid  drugs,
immunosuppressive drugs and patients
with AIDS. Hence, they are regarded as
opportunistic pathogen [16].of the several
Aspergillus species, the widespread and
dangerous pathogens are Aspergillus
fumigatus,  Aspergillus  flavus  and
Aspergillus niger. Aspergillus fumigatus
and Aspergillus flavus are known to
produce a carcinogenic and a histo-toxic
secondary metabolite called *Aflatoxin’.
These fungi, when infects nuts and other
food grains cause contamination through
its toxin [5, 17, 18] and create serious
problems in man and animals.Aspergillus
fumigatus, in addition to ‘aflatoxin’,
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causes opportunistic lung aspergillosis in
patients with previous lung diseases. Its
large production of hyphae in the affected
lung causes severe damage and
malfunctioning of the lung. Sometimes it
causes blood clot in lungs, allergies and
rhinitis [19]. In MIC studies, this pathogen
showed increased susceptibility even at 10
mg/ml concentration of the crude acetonic
extract. However, a concentration of 20
mg/ml of the crude extract is required for a
better result. In the absence of previous
antifungal studies, this work suggests that
the acetonic fruit extract of Flacourtia
inermis can be used as an effective
alternative agent against the dangerous
pathogen, Aspergillus fumigatus.
Aspergillus niger is another human
pathogen but the frequency of its infection
is less than that of Aspergillus fumigatus
and flavus. However, its spores can cause
lung aspergillosis and otomycosis. It
causes stem rot, root rot, boll rot and
crown rot diseases in plants, depending on
the plant variety [14]. This species also
showed effective susceptibility towards the
extract at a concentration of 20 mg/ml and
is a promising result in the antifungal
therapy.Aspergillus flavus was found to be
a mutagenic and teratogenic agent in man
and animals. Its ‘Aflatoxin’ is recognized
as a major cause for certain type of human
liver cancer. Its infections include corneal,
joint, skin and ear mycosis and lung
aspergillosis.  Among fungal allergy, it
stands in the first place [5, 20]. Analysis of
the results showed that a concentration of
20 mg/ml of the crude acetonic extract is
sufficient against this pathogen. Here also,
increasing the concentration of the sample
increases the activity. Hence, this fruit
extract is an effective antifungal agent
against it.Mucor sp. is generally
saprophytes, found in soil, plant body and
on humus. Among different species,
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Mucor ramosissimus is reported as a
pathogen to man and animals. In birds, it
causes feather loss and dermatitis [21]. In
humans, its spore activates complementary
system, which indicates its importance in
medical mycology [22]. In the present
study, an MIC of 20 mg/ml of the crude
extract is found to be effective against it.
Therefore, this fruit extract in acetone can
be used as an agent against Mucor
sp.Chrysosporium is a keratin dependent
saprophytic fungus found in birds, soil,
plant materials and dung. For their
nutrition, they can digest the keratin of
feathers and hairs that fall on land.
Occasionally they develop as human
pathogen, especially on skin. Increased
frequency of infection is shown in patients
with granulomatous diseases and bone
marrow transplanted patients. This shows
their medical significance [19]. When its
MIC was determined, it was found that a
concentration of 20 mg/ml of the crude
acetonic extract is required for satisfactory
activity. Therefore, this acetonic extract of
Flacourtia inermis fruit can be considered
as an effective antifungal agent against
Chrysosporium sp.

Table 2: MIC of the purified compound of
Flacourtia ~ inermis  against  opportunistic
pathogenic fungi

Zone of inhibition in mm
S. Tested strains

No.
40 30 20 10 0.5
mg/ml mg/ml mg/ mg/ mg/
ml ml ml
1 Aspergillus 40 32 21 11 0
fumigatus
3 Aspergillus 25 20 13 8 0
niger
2 Aspergillus 24 19 12 7 0
flavus
4 Mucor 33 27 20 10 0
ramosissimus
5  Chrysosporium 27 22 14 8 0
sp.
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Figure 2: MIC of the Flacourtia inermis fruit extract against opportunistic pathogenic fungi

Aspergillus fumigatus:- 30 mg/ml of crude
acetonic extract

Aspergillus flavus:- 20 mg/ml of the crude
acetonic extract

CONCLUSION

The tested fungi are generally saprophytes.
However, in man they may cause
opportunistic infections especially in
immuno- incompetent patients. A mean
value between 30 mm to 47 mm of
inhibition zone by the acetonic extract at a
concentration of 50 mg/ml reveals that the
Flacourtia inermis fruit is a potential
antifungal agent against these
opportunistic pathogens. MIC study
showed that a concentration of 20 mg/ml
of the acetonic crude extract of the
Flacourtia inermis is sufficient to produce
a satisfactory result.For centuries, this fruit
is widely used by the people of Kerala.
Therefore, it can be assumed that the
chemical constituents of its fruits are non-
toxic to man. Hence, this fruit can be
considered as a Dbetter source for
developing new antifungal drugs in folk
and modern medicine.

ACKNOWLEDGMENTS
Authors are thankful to Dr.N.Sasidharan,
Scientist, Kerala Forest Research Institute,

Peechi, Trissure and Dr.Jomy Augustine,
Head of the Department of Botany,

© 2009, JGPT. All Rights Reserved

St.Thomas College, Palai, for their
valuable help given for identifying the
taxonomic position of the fruit of
Flacourtia inermis. Authors are also
grateful to Mr. Joy Nellikkunnel, Manager,
S.B.T., Kakkoor, Ernakulam District,
Kerala, for going through the manuscript.

REFERENCES

1. Abad M.J., Ansuategui M., Bermejo P.
Active antifungal substances from
natural sources. Arkivoc . 2007; 7:
116-145.

2. Bag R. Fungal pneumonias in
transplant recipients. Curr. Opin. Pulm.
Med. 2003; 9(3):1-8.

3. Mahmoud A.L. Antifungal action and
antiaflatoxigenic properties of some
essential oil constituents. Lett. Appl.
Microbiol. 1994; 19(2):110-113.

4. Thanaboripat D., Nontabenjawan K.,
Lessin K.,  Teerapiannont D.,
Sukcharoen O., Ruangrattanamatee R.
Inhibitory effects of garlic, clove and
carrot on growth of Aspergillus flavus
and aflatoxin production. J.Forestry
Res. 1997; 8:39-42.

32



10.

11.

12.

13.

George S. et al., Journal of Global Pharma Technology. 2010; 2(6): 28-34

Gongalez E., Felicio J.D., Pinto M.M.
Biflavonoids inhibit the production of
aflatoxin by Aspergillus flavus. Braz.
J. Med. Biol. Res. 2001; 34: 1453-
1456.

Bansod S., Rai M. Antifungal activity
of essential oils from Indian medicinal
plants against human pathogenic
Aspergillus fumigatus and A. niger.
World. J. Med. Sci. 2008; 3 (2): 81-88.

Sharma B., Kumar P.Extraction and
pharmacological evaluation of some
extracts of Tridax procumbens and
Capparis  deciduas. IntJ.  Appl.
Res.Nat.Prod. 2009; 1(4):5-12.

Nair R., Kalariya T., Chanda S.
Antibacterial activity of some selected
Indian medicinal flora. Turk. J. Biol.
2005; 29:41-47.

Nair R., Chanda S. Activity of some
medicinal plants against certain
pathogenic bacterial strains. Indian J.
Pharmaco. 2006; 38 (2): 142-144.

Fabricant D.S., Farnsworth N.R. The
values of plants used in traditional
medicine for drug discovery. Environ.
Health Perspect. 2001; 109(1): 69-75.

Yearbook. West Australian Nut and
Tree Crops Association (WANATCA).
Vol. 26. (2002). P.70-71.

Lakdusinghe M.., Jayasinghe U.L.B.
Antioxidant phenolic constituents from
the fruit juice of Flacourtia inermis. Sri
Lanka Association for the
Advancement of Science Proceedings
of the 63" Annual Sessions, Part | —
Abstracts. 2007. p.129-130.

Mahmoudabadi A.Z., Nasery M.K.G.
Anti fungal activity of shallot, Allium
ascalonicum Linn. (Liliaceae), in vitro.
J. Med. Plant. Res. 2009; 3(5): 450-
453.

© 2009, JGPT. All Rights Reserved

14.

15.

16.

17.

18.

19.

20.

Bobbarala V., Katikala P.K., Naidu
K.C., Penumajji S. Antifungal activity
of selected plant extracts against
phytopathogenic  fungi  Aspergillus
niger F2723. Indian J. Sci.Technol.
2009; 2 (4): 87-90.

Stevens D. A., Kan V.L., Judson
M.A., Morrison V.A., Dummer S,
Denning D.W., Bennett J.E., Walsh
T.J.,Patterson T.F., Pankey G.A.
Practice guidelines for diseases caused
by Aspergillus. Clin. Infect. Dis. 2000;
30: 696-709.

Chhabra D., Dhakad N.K. Study on
pathogenicity of the Aspergillus
species in experimentally
immunosuppressed mice. Veterinary
World.2008; 1(3): 69-70.

Yazdani D., Rezazadeh S.H., Amin
G.H., Abidin Z. M.A., Shahnazi S.,
Jamalifar H. Antifungal activity of
dried extracts of Anise (Pimpinella
anisum L.) and Star anise (lllicium
verum Hook. f.) against dermatophyte
and saprophyte fungi. J.Med. Plants.
2009; 8 (5): 24-29.

Satish S., Raghavendra M.P., Mohana
D.C., Raveesha K.A. Antifungal
activity of a known medicinal plant
Mimusops elengi L. against grain
moulds. J.Agric. Technol. 2008;4(1):
151-165.

Roilides E., Sigler L., Bibashi E.,
Katsifa H., Flaris N., Panteliadis C.
Disseminated  infection due to
Chrysosporium zonatum in a patient
with chronic granulomatous disease
and review of non-Aspergillus fungal
infections with this disease. J. Clin.
Microbiol. 1999; 37:18-25.

Khan S., Khan G.M. In vitro
antifungal activity of Rhazya stricta.
Pak. J. Pharm. Sci. 2007; 20(4): 274-
279.

33



21.

22.

George S. et al., Journal of Global Pharma Technology. 2010; 2(6): 28-34

Quesada Q., Rodriguez F., Herraez P.,
Seara D., Monteros A. E. Mucor
ramosissimus associated with feather
loss in canaries (Serinus canarius).
Avian Diseases. 2007; 51(2):643-645.

Almeida
Da Silva

Granja L.F., Pinto L.,
CA, Alviano D.S.,

© 2009, JGPT. All Rights Reserved

M.H., Ejzemberg R., Alviano
C.S. Spores of Mucor ramosissimus,
Mucor  plumbeus  and Mucor
circinelloides and their ability to
activate human complement system in
vitro. Med. Mycol. 2010; 48(2):278-
84.

34



