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ABSTRACT
In the present study, soil samples of 7 different public places in Varanasi, India were screened through hair
baiting technique for the presence of dermatophytes. All the samples were found positive with
dermatophytes including Microsporum gypseum and Trichophyton rubrum. Thirteen essential oils (EOs)
were isolated from different plant parts through hydro-distillation and were screened against two
dermatophytes M. gypseum and T. rubrum for their antifungal activity. At 250 ppm, Jamarosa and
Nagarmotha EO showed strong antifungal activity and selected for determination of minimum inhibitory
concentration (MIC) and minimum fungitoxic concentration (MFC) against M. gypseum and T. rubrum.
The MIC of Jamarosa EO was found to be 100 ppm against both M. gypseum and T. rubrum and MIC of
Nagarmotha EO was found at 250ppm against both test dermatophytes. The MFC of Jamarosa for M.
gypseum and T. rubrum was found at 1000 and 500 ppm respectively. The MFC of Nagarmotha was not
achieved up to 1000 ppm for test dermatophytes.
Keywords : Essential oils, Antifungal activity, Jamrosa, Nagarmotha.
Different species of Microsporum, Trichophyton,
Epidermophyton, Aspergillus, Candida, and
Cryptococcus cause various diseases in humans.
Superficial fungal infections of the skin caused by the
fungus are known as Dermatomycosis and the fungi that
cause dermatomycosis is known as dermatophytes. The
symptoms of dermal infection by dermatophytes include
itching, swelling, blistering and scaling of skin (PingHsien et al. 2007). Both healthy and immunecompromised persons are infected by dermatophytes.
Dermatophytes cause infections of the tissues which
are rich in keratin such as skin, hair and nails, because
they obtain nutrient from keratinized material (Midgley
et al. 1994). For treatment of dermatomycosis, different
modern antifungal drugs like amphotericin B, nystatin,
ketoconazole, clotrimazole, griseofulvin, flucytosine
etc. are used now a days. However, with increased use of
antifungal drugs in treatment of fungal infection, the
chance of resistance development in targeted organism
also occur (Chee-Leok et al.1994, Zaias & GerbertRebell 1996, Bennett et al. 2000; de Pauw BE, 2000).

Several adverse effects on the body due to synthetic
antidermatophytic drugs are also reported that include
liver damage, redness, diarrhea, headache, abdominal
(tummy) pain, indigestion etc. (Del et al. 1992, Torok et
al. 1993, Lopez–Gomez et al. 1994, Gupta et al. 1998).
From ancient times plants and plant originated
products are used in herbal medicines for the treatment
of fungal infections (Mc Cutcheon et al. 1992). The most
frequently used antifungal plants include black walnut
(hull), barberry, cajeput, calendula, cedar, cinnamon
(bark), cloves, geranium, garlic etc. Presently, essential
oils; volatile and aromatic oily liquids extracted from
different plant parts are gaining interest for the
development of plant based antifungal agent in view of
there well reported in vitro antimicrobial activity (Burt
2004, Prakash et al. 2015). Thus, essential oils can be
used as green technology to treat antifungal infections.
Microsporum gypseum (E. Bodin) Guiart &
Grigoraki and Trichophyton rubrum (Castell.) Sabour
are well known soil borne dermatophytes usually infect
the upper dead layers of the skin of mammals (Rippon et
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al. 1988). Hence, in the present piece of work the
essential oils from 13 different plants were screened for
their antidermatophytic activity against M. gypseum and
T. rubrum causing dermatomycosis to humid and moist
region of the body. The essential oils of Jamarosa and
Nagarmotha were subjected to detailed study against the
test dermatophytes.

MATERIALS & METHODS
Chemicals and Equipments—High purity
analytical-grade Sabouraud Dextrose Agar (SDA)
media (mycological peptone 10 g; dextrose 40 g; agar
15g in 1 litre distilled water; pH 5.6 ±0.2), antibiotic
Chloramphenicol and synthetic antifungal compound
Cyclohexamide were purchased from HiMedia
Laboratories Pvt. Ltd., Mumbai India. The major
equipments used were Clevenger`s hydro-distillation
apparatus (Merck Specialties Pvt. Ltd., Mumbai),
B.O.D. Incubator (Caltar NSW-152, New Delhi, India),
Laminar Air Flow (Sonar, Associated Scientific
Technologies, New Delhi, India) and compound
microscope (Labomed, New York).
Collection of soil samples and baits to isolate
keratinophilic fungi—The soil samples and baits were
collected following Kumar et al. (2013). Twenty eight
soil samples from seven different areas (four samples per
site) near to and from Banaras Hindu University (BHU)
campus, Varanasi, India were scrapped (approximately
400 gm) from the surface layer of each site up to a depth
of 3-6 cm in sterilized plastic bags after removing
superficial debris and other vegetative materials. The
o
Samples were stored at 4 C until use. The bait (horse
hair) was collected from local horse farm of Varanasi,
India. Before using as substrate, the baits were defatted
by soaking them in diethyl ether (24 h) and later rinsing
them 5-6 times with distilled water and subsequent air
drying.
Keratinophilic fungi were isolated according to
Vanbreuseghem (1952) by using sterilized horse hair as
keratin bait. Sterile Petri dishes half filled with soil
samples were used for hair baiting. Moisture in soil
sample was maintained by utilizing double distilled
water. Sterile horse hair was buried in the soil and each
Petri dish was incubated at 270C and was continuously
examined for fungal growth from the third day of
incubation up to a period of 4-5 weeks. SDA medium
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supplemented with Chloramphenicol 50 mg/L and
Cyclohexamide 500 mg/L was used for the culture of
fungal isolates.
Isolated keratinophilic fungi were stained by
lactophenol cotton blue and were observed under
compound microscope for identification. Identification
of keratiniphilic fungi was performed on the basis of
microscopic characters with the help of monograph of
Atlas of Clinical fungi (Hoog et al. 2000).
Plant materials used and extraction of essential
oil—Different plant parts of 13 angiospermic taxa were
collected from Botanical Garden, Banaras Hindu
University, Varanasi, India and their identification was
confirmed from Dubey (2004) and Duthie (1960). The
voucher specimens were submitted to the Herbarium of
Laboratory of Herbal Pesticides, Department of Botany,
Banaras Hindu University, and Varanasi, India. The
plant materials were thoroughly rinsed with double
distilled water and 500 g of each plant part was subjected
to hydro distillation in Clevenger's hydro-distillation
apparatus (Prasad et al. 2009). The extracted fractions of
plant parts exhibited two distinct layer; an upper oily
layer and the lower aqueous layer. Both the layers were
separated and essential oil was collected in clean glass
vial. For excess moisture anhydrous sodium sulphate
was added in the obtained essential oil and stored at 4oC
(Prakash et al. 2010).
Screening of isolated essential oils against test
dermatophytes—The experiment was performed using
poisoned food method for determining the inhibition of
mycelial radial growth of the test fungus by the plant
EOs. Each plant EO (0.25 µl/ml) dissolved in 0.5 ml
acetone was taken in Petri plates (9 cm diameter) and 9.5
ml molten SDA was added to it so as to achieve a
concentration of 250 ppm. SDA plates containing 0.5 ml
acetone only along with 9.5 ml SDA, served as control. A
5 mm disc of test fungus (21 days old) was placed at the
center of the prepared Petri plates and incubated in the
dark at 27±2 °C Colony diameter of the test fungus in
treatment and control sets were measured after 21 days
and antifungal activity was calculated in terms of percent
mycelial inhibition following Kumar et al. (2008). %
mycelial inhibition = dc – dt/dc X 100 where, dc =
average diameter of fungal colony in control set and dt =
average diameter of fungal colony in treatment set.
From this experiment Jamarosa and Nagarmotha
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essential oils showed the highest antifungal activity
against both the test fungi and thus selected for detailed
investigation.
Determination of minimum inhibitory
concentration (MIC) of Jamarosa and Nagarmotha
EO against test dermatophytes—Poisoned food
method was used for determining the MIC of Jamarosa
and Nagarmotha essential oil against test dermatophytes
(Ramdas et al. 1998) to record their antifungal activity.
EOs varying from 0.05 to 1.0 µl were taken separately in
Petri dishes (90 mm diameter), mixed with 0.5 ml
acetone and then added 9.5 ml SDA medium to obtain
different concentrations from 50 to 1000 ppm. The
control sets were kept EO free, parallel to the treatment
sets. Five mm diameter disc of 21 days old culture of M.
gypseum and T. rubrum were placed at the center of the
poured Petri dishes of treatment and control sets. The
dishes were incubated in BOD at 27±2 oC for 21 days.
The minimum inhibitory concentration (MIC), the
lowest concentration of EOs resulting in no visible
growth was recorded.
Determination of minimum fungicidal
concentration (MFC) of test essential oils—In
previous test, discs which showed not any visible growth
were sub-cultured on fresh SDA medium and incubated
in BOD incubator at 27 oC for 21 days. MFC may be
defined as lowest concentration of the essential oil that
checks the growth of dermatophytes, resulting killing of
at least 99.5% of original inoculum.
Statistical analysis—The experiments except
mycobiota analysis were performed in triplicate and data
are the mean ± standard error. The analysis of data was
performed with the SPSS program version 16.0. and the
statistical level of significance was fixed at P<0.05.

RESULTS
In the present study a total of 28 soil samples were
collected from different parts of Varanasi region of
India. By hair baiting technique, Trichophyton rubrum,
Paecilomyces lilacinus, Trichophyton ajelloi,
Chrysosporium keratinophilum, Trichophyton erinacei,
Trichophyton terrestre, Microsporum gypseum, and few
other non dermatophytes like Aspergillus and
Penicillium species were isolated from different
samples. However, from each site a particular species
of dermatophyte was recorded. Table 1 shows the

major dermatophytes isolated from soil samples of
7 different sites. Out of them, M. gypseum and T. rubrum
are the most common human disease causing
dermatophytes and hence selected for further detailed
investigation.
The scientific name, common name and family of 13
different plants used for essential oil extraction are given
in Table 2. The screening of isolated essential oils against
test dermatophytes (M. gypseum and T. rubrum) at 250
ppm showed the superiority of Jamarosa and Nagarmotha
essential oils over others as they caused 100% growth
inhibition of both the test fungi (Table 2). The essential
oils of Citrus aurantium, Citrus limetta, Aegle marmelos,
Olea europaea and Hedychium coronarium were found
not effective against these dermatophytes where as that of
Boswellia sacra, Geranium aculeolatum, Carum carvi,
Ruta graveolens, Ocimum sanctum and Ocimum
gratissimum showed moderate activity. From this study
Jamarosa and Nagarmotha essential oils were selected for
further study as these oils caused 100% activity against
both the test fungi at test concentration.
The test essential oils caused dose dependent
decrease in mycelial growth on increasing
concentration. The MIC of Jamarosa and Nagarmotha
essential oils for complete inhibition of growth of test
dermatophyte were found at 100 and 250 ppm
respectively. The fungicidal concentration (MFC value)
was recorded at 1000 and 500 ppm respectively for M.
gypseum and T. rubrum for Jamarosa EO. For
Nagarmotha EO the MFC value did not recorded up to
1000 ppm in both the test dermatophytes.

DISCUSSION
Soil of public places like park, garden, hospital,
schools etc. are good source of different dermatophytes
(Deshmukh 2004, Shadzi et al. 2002, Saxena et al. 2004,
Zarei et al. 2008, Shrivastava et al. 2008). These fungi
cause superficial infections of human and animals
(Filipello et al. 1996, Spiewak et al. 2000). The ability
of fungi to cause lysis of keratin has important ecological
value (Filipello et al. 2000, Sharma et al. 2003, Zarrin et
al. 2011). In the present study, the soil samples from 7
different public places were tested for the presence of
any dermatophyte and all the samples were found
positive suggesting the severity of occurrence of
dermatophytes. The present research reports for the first
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Table 1— Isolation of different dermatophytic fungi from hair baiting technique
S. N.

Major isolated keratinophilic fungus

Site of occurrence

1
2
3
4
5
6
7

Microsporum gypseum
Paecilomyces lilacinus
Trichophyton ajelloi
Chrysosporium keratinophilum
Trichophyton erinacei
Trichophyton terrestre
Trichophyton rubrum

Barber cabbage near to Hyderabad gate BHU
Agricultural garden of BHU
Chhitturpur area of BHU
Vishavnath temple of BHU
Botanical garden of BHU
Dairy farm of BHU
Sankatmochan mandir, Durgakund, Varanasi

Table 2— Screening of 14 plant essential oils against test dermatophytes at 250 ppm
S.N.

Botanical name

Common name

Family

Plant part
used

% inhibition
of M. gypseum
growth

% inhibition
of T. rubrum
growth

1
2
3
4
5
6

Aegle marmelos
Boswellia sacra
Carum carvi
Citrus aurantium
Citrus limetta
Cymbopogon
khasans
Cyperus scariosus
Geranium
aculeolatum
Hedychium
coronarium
Ocimum sanctum
Ocimum
gratissimum
Olea europaea
Ruta graveolens

Bael
Frankincense
Persian cumin
Bitter Orange
Mosambi
Jamarosa

Rutaceae
Burseraceae
Apiaceae
Rutaceae
Rutaceae
Poaceae

Leaf
Resin
Seed
Peel of fruit
Peel of fruit
Leaf

9.11±0.23
100.00±0.00
56.90±1.21
11.33±0.09
17.37±0.31
100.00±0.00

3.23±0.07
41.00±0.96
9.91±0.06
0.00±0.00
3.12±0.03
100.00±0.00

Nagarmotha
No common
names
White Ginger

Cyperaceae
Geraniaceae

Rhizome
Leaf

100.00±0.00
100.00±0.00

100.00±0.00
52.81±1.11

Zingiberaceae Rhizome

23.33±0.76

11.73±0.06

Tulsi
Wild Basil

Lamiaceae
Lamiaceae

Aerial part
Aerial part

100.00±0.00
50.67±0.97

92.16±1.24
29.33±0.09

Common Olive
Rue

Oleaceae
Rutaceae

Fruit
Aerial part

0.00±0.00
49.91±1.21

0.00±0.00
53.41±0.98

7
8
9
10
11
12
13

Values are mean (n=3) ± standard error.

time the existence of keratinophilic fungi in and around
the soil of BHU by hair baiting technique. The isolated
fungi from different soil samples were found pathogenic
to humans and animals. During the experimental work
Penicillium was found most common contaminant in
plates as saprophyte supporting earlier studies of Zarrin
et al. (2011) and Shokohi (2005). So it is recommended
to follow hygiene protocols to avoid the pathogenic
fungi. Necessary treatment methods should be followed
properly.

Dermatophytes cause a number of skin diseases in
both human and animals. Antifungal agents must be used
to treat such infections caused by dermatophytes. Due to
the report of various harmful roles of synthetic
antifungal drugs, there is a quick need of safe antifungal
agent to cure dermatomycosis. Antimicrobial substances
of plant origin are safer in nature and thus could be
exploit for their formulation as antifungal agent (Martin
& Ernst 2003). Various essential oils showed antifungal
activity against many dermatophytes. Being natural in
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origin, plant essential oils are good source for the
development of antifungal agent for many infectious
dermal diseases. In the present study, Jamarosa and
Nagarmotha essential oils provided the highest
antifungal activity against both M. gypseum and T.
rubrum and hence may be useful as antifungal agents.
Cymbopogon khasans Sobti (Poaceae) commonly
known as Jamarosa is used as a natural fragrance. The
major component of this essential oil is reported as
Z-citral and linalyl acetate (Mishra et al. 2012). The
essential oil from this plant is reported to have
antibacterial and insecticidal activity (Nayak et al. 2003),
antifungal activity against food deteriorating fungi,
antiaflatoxigenic and antioxidative activity (Mishra et al.
2012). Cyperus scariosus R.Br. (Cyperaceae) commonly
known as Nagarmotha is a native of India. The main
component of this essential oil is Cyperine. The oil is
reported to have anti-inflammatory activity (Gupta et al.
1972). Both the essential oils are used in treatment of a
number of diseases in ayurvedic system of medicine
without any side effects (Prajapati et al. 2003).
Essential oils are used throughout the world for
treatment of many diseases. Essential oils have no major
side effects than synthetic drugs. Due to the side effects
and increasing resistance of chemical drugs there is need
for effective, safe, natural products, from plant essential
oils and which may be used in making of a new
antifungal agent, which may use plant essential oils to
treat many diseases.

CONCLUSION
Conclusively, the soil samples in the public places of
Varanasi region of India were found contaminated by
Microsporum gypseum and Trichophyton rubrum and
other dermatophytes. The screening of 13 plant essential
oils against test dermatophytes revealed that essential
oils from Jamarosa and Nagarmotha have potential
antifungal activity and may be useful against various
infections caused by dermatophytes.
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