
Saudi Journal of Biological Sciences 28 (2021) 2180–2187
Contents lists available at ScienceDirect

Saudi Journal of Biological Sciences

journal homepage: www.sciencedirect .com
Original article
Exploring antifungal activities of acetone extract of selected Indian
medicinal plants against human dermal fungal pathogens
https://doi.org/10.1016/j.sjbs.2021.01.046
1319-562X/� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author at: Department of Medical Lab Sciences, College of
Applied Medical Sciences, Prince Sattam Bin Abdullaziz University, Wadi Ad
Dawasir Campus, Saudi Arabia.

E-mail addresses: abisasi@gmail.com (S. Abirami), kannan.m@vhnsnc.edu.
in (M. Kannan), sughaphd@yahoo.com, s.narayanaswamy@psau.edu.sa (D.
Sugapriya), n.aldayan@psau.edu.sa (N. Al-Dayan).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier
Abirami Sasi a, Edwin Raj B b, Soundarya T a, Kannan Marikani c, Sugapriya Dhanasekaran d,⇑,
Noura Al-Dayan e, Arif Ahmed Mohammed f

aDepartment of Microbiology, Kamaraj College, Thoothukudi, TN, India
bDepartment of Zoology, Kamaraj College, Thoothukudi, TN, India
cDepartment of Zoology, V.H.N.S.N.College (Autonomous), Virudhunagar 626001, TN, India
dDepartment of Medical Lab Sciences, College of Applied Medical Sciences, Prince Sattam Bin Abdulaziz University, Wadi Ad Dawasir Campus, Saudi Arabia
eDepartment of Medical Lab Sciences, College of Applied Medical Sciences, Prince Sattam Bin Abdulaziz University, Al Kharj, Saudi Arabia
fCenter of Excellence in Biotechnology Research, College of Science, King Saud University, Riyadh, Saudi Arabia

a r t i c l e i n f o a b s t r a c t
Article history:
Received 18 November 2020
Revised 16 December 2020
Accepted 3 January 2021
Available online 2 February 2021

Keywords:
Oppourtunistic pathogens
Immunocompromised individuals
Skin infections
Fungal pathogens
Antifungal activity
Indian medicinal plants
A broad spectrum of medicinal plants was used as traditional remedies for various infectious diseases.
Fungal infectious diseases have a significant impact on public health. Fungi cause more prevalent infec-
tions in immunocompromised individuals mainly patients undergoing transplantation related therapies,
and malignant cancer treatments. The present study aimed to investigate the in vitro antifungal effects of
the traditional medicinal plants used in India against the fungal pathogens associated with dermal infec-
tions. Indian medicinal plants (Acalypha indica, Lawsonia inermis Allium sativum and Citrus limon)
extract (acetone/crude) were tested for their antifungal effects against five fungal species isolated from
skin scrapings of fungal infected patients were identified as including Alternaria spp., Curvularia spp.,
Fusarium spp., Trichophyton spp. and Geotrichum spp. using well diffusion test and the broth micro dilu-
tion method. All plant extracts have shown to have antifungal efficacy against dermal pathogens.
Particularly, Allium sativum extract revealed a strong antifungal effect against all fungal isolates with
the minimum fungicidal concentration (MFC) of 50–100 lg/mL. Strong antifungal activity against
Curvularia spp., Trichophyton spp., and Geotrichum spp. was also observed for the extracts of Acalypha
indica, and Lawsonia inermis with MFCs of 50–800 lg/mL respectively. The extracts of Citrus limon
showed an effective antifungal activity against most of the fungal strains tested with the MFCs of 50–
800 lg/mL. Our research demonstrated the strong evidence of conventional plants extracts against clin-
ical fungal pathogens with the most promising option of employing natural-drugs for the treatment of
skin infections. Furthermore, in-depth analysis of identifying the compounds responsible for the antifun-
gal activity that could offer alternatives way to develop new natural antifungal therapeutics for combat-
ing resistant recurrent infections.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Universally, humans are co-habiting earth with plentiful
ecosystems comprises of various classes of microorganisms that
may be beneficial or harmful to them. However, humans are
evolved in such a way that their inherent innate immune system
protects the body from harmful pathogens. It is well known that
our human skin is featured to have abundant diversified groups
of microorganisms ranging from bacteria, fungi to parasites. Such
colonies of microorganism particularly fungi are forming a com-
mensal relationship with human skin (Hurabielle et al., 2020).
Thus, fungi contribute to play a role of an essential member of
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the dermal microbiome; however, such relationships between
epithelial-fungal partnerships (mycobiomes) in maintaining skin
homeostasis are not well understood. In specific cases, during the
immunocompromised state, fungi will act as opportunistic patho-
gen and begin to evade host immune system and cause serious and
frequent infections (Köhler et al., 2015).

Opportunistic infections occur mainly in immunocompromised
hosts, but primary infections may also occur in hosts with a
healthy immune system. Besides that, fungal infections can be sys-
temic or local (Janbon et al., 2019). The majority of fungal infec-
tions are common in individuals working in agriculture or forest
division. These fungi are soil dwellers and gain entry to humans
via penetrating the injuries or wounds and capable of causing cuta-
neous and subcutaneous fungal infections. The hind and forelimbs
are the commonly affected areas where fungal infections often
causing local or systemic infections (Seyedmousavi et al., 2018).

In recent years the occurrence of fungal infections has become
more prevalent and additionally leading to the cause of mortality
and morbidity in immunocompromised individuals. Out of
which 74.3% contributes for dermal infections both cutaneous
and subcutaneous, then 9.5% constitutes for oculomycosis, then
8.1% for invasive and non-invasive rhinosinusitis and ony-
chomycosis respectively (Deutsch et al., 2019). A fungal infec-
tion may occur following trauma or wound contamination
(Ganesan et al., 2019). Recurrent and sustained contact of
immunocompromised patients to variable environmental cir-
cumstances has ensued new opportunistic fungal infections
(Badiee and Hashemizadeh, 2014).

Recently, much newer opportunistic pathogens are emerging
and causing life-threatening infections worldwide. This is due to
the repeated usage of currently available antifungal drugs and con-
stant use of this resulting in the fungal strain acquiring resistance
to particular drugs, which are difficult to treat further. Moreover,
the known antifungal drug amphotericin B is shown to cause sys-
temic toxicity and other health-related problems (Pierce et al.,
2013). Therefore, novel compounds having a different approach
of action, with high fungicidal activity and minimal systemic toxi-
city are the current prerequisite for treating the resistant strains of
clinical pathogens. Emerging reports of antimicrobial properties of
our traditional medicinal plant extracts suggesting an alternative
for chemically synthesized molecules. The World Health Organiza-
tion also recognized the use of plant extracts or their active compo-
nents in the name of folk medicine as traditional therapies in 80%
of the world’s population (Shaik et al.,1994). Plants are a chemical
and biologically complex source used traditionally throughout
human history as a common medicine. Plants remain an essential
source of medicines, especially where conventional plant-based
medicines still serve the needs of health (Salim et al., 2008). Medic-
inal plants are habitually used by ethnic people to treat various
diseases comprising ringworm and other fungal dermal infections
(Rajan et al., 2001). While drug-driven compounds have recently
demonstrated their interest in molecular modeling, combinatory
chemistry, natural derived compounds, and other synthetic
approaches are still an indispensable source of medicaments for
humans (Salim et al., 2008). Several methods of research support
that the variety of biological and pharmacological characteristics
of plant materials shown increased interest (Dhanasekaran, 2020;
Ocheng et al., 2014; Wu and Dhanasekaran, 2020).

The present study was indented to validate the traditional use
of selected Indian medicinal plants against opportunistic fungal
pathogens including Alternaria spp., Curvularia spp., and Fusarium
solani spp., Trichophyton spp. and Geotrichum spp. by evaluating
their in vitro antifungal activity. The plants examined in this
research are frequently used to treat skin infections and the asso-
ciated symptoms in regular day today use in local areas of parts of
Tamil Nadu, India.
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2. Materials and methods

2.1. Isolation fungal pathogens

2.1.1. Sample collection
Samples were collected from 30 clinically suspected cases of

cutaneous fungal infections admitted in the outpatient clinic of
the dermatology department of Government Hospital, Tuticorin,
Tamil Nadu, India. After the informed consent, the patient was reg-
istered with demographic data and clinical conditions were
recorded. The infected areas were rubbed with 70% alcohol to
remove the dirt and other ointments. The skin scrapings of the fun-
gal infections were collected by using sterile blunt scalpel from the
advancing borders of the fungal infections. The collected samples
were aseptically transported shortly to the laboratory for further
processing like cultural analysis and microscopic (Singh and
Beena, 2003). The fungi were maintained and preserved on Sabour-
aud dextrose agar (SDA) (Hi-Media, Cat No: MHO63) slants at 4 �C
and aseptically subcultured throughout the study.

2.1.2. Processing of fungal culture
Each sample was cultured on Sabouraud’s Dextrose agar sup-

plemented with chloramphenicol. The plates were incubated at
28 �C for up to a week and everyday examined the fungal growth.
After the incubation period, the mycelial morphology of various
fungal isolates grown on the Sabouraud’s Dextrose agar plates
was observed and recorded. Isolated fungi were further subcul-
tured onto Sabouraud’s Dextrose agar slants.

2.1.3. Microscopic examination
Adhesive tape was cut into 1 cm squares and was placed with

the help of sterile forceps on the surface of mycelia and lifted off.
Few drops of lactophenol cotton blue (LPCB) were placed on
another slide. Then the adhesive tape containing the fungal myce-
lia was placed on it, then mounted and observed under low power
10X and high power 45X objective lens of the bright field light
microscope.

2.1.4. Antifungal activity of commercial drugs
Antifungal activity of commercial drugs against the isolated

non-dermatophytic opportunistic cutaneous fungi were done by
the Kirby Bauer method. Commercially available antifungal such
as Amphotericin-B, Fluconazole, Clotrimazole, Ketokonaze from
were tested against the selected fungal skin infection. (All antifun-
gals were purchased from Hi-Media, and the Cat No: A011-
1X20ML, EM072-30ST, SD115-1PL and SD274-1PL respectively).

2.2. Plant materials and extraction

2.2.1. Plant collection
The plants (Acalypa indica, Lawsonia inermis) and spices (Citrus

limon and Allium sativum) were collected from in and around Sri-
vaikundam Tuticorin, Tamil Nadu, India between January to August
2018. The collected plant material and spices were authenticated
by the Department of Botany, Kamaraj College, Tuticorin, Tamil
Nadu, India. The specimens of the plants were deposited in the
Herbarium of the Department of Botany, Kamaraj College,
Tuticorin.

2.2.2. Preparation of plant extracts
The collected plant leaves of Acalypa indica and Lawsonia inermis

were air-dried and finely powdered using a blender. To prepare
acetone extracts of the plant materials, 50 g of each powdered leaf
material was soaked in 500 ml of acetone for 72 h with constant
rocking at room temperature. The samples were then sieved over



Table 1
Distribution of dermatophytes in relation to sex of the patient.

Fungus Isolated Male Female

Alternaria sp, 3 2
Curvularia sp, 3 1
Fusarium sp, 3 2
Trichophyton sp. 7 3
Geotrichum sp. 4 2
Total 20 10
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Whatman No:1 filter paper. The filtrates were vaporized to dryness
using a rotary evaporator. For antifungal activity assays, a stock
solution was made for each extract with 0.2 g/mL in dimethyl sul-
foxide (DMSO). The extracts were stored at �20 �C until further use
and the stock were stored at 4 �C until used.

2.2.3. Preparation of spices extracts
The spice Allium sativum gloves were descaled and washed in

sterile distilled water. The extract was prepared as follows.
Approximately 100 g of spices weighed and chopped into small
pieces and let for air-dried. The dried pieces were then crushed
using a blender to get the powder form of the extract. To prepare
acetone extracts of Allium sativum, 50 g of powdered Allium sativum
was soaked in 500 ml of acetone for 72 h with constant rocking at
room temperature. The samples were then sieved over the What-
man No:1 filter paper. The filtrate was evaporated to dryness using
a rotary evaporator. Similarly, fresh juice of Citrus limon (Lemon)
were collected from fresh lemon (cut and squeezed, the juice in a
sterile flask). The extracts were strained through a fine mesh cloth
and sterilized using a membrane filter.

For antifungal activity assays, a stock solution was made for
each extract with 0.2 g/mL in dimethyl sulfoxide (DMSO). The
stock was stored at 4 �C, until used.

2.3. Antifungal assays

The fungicidal activity of extracts was assessed by the agar well
diffusion method using Sabouraud’s Dextrose Agar. The isolated
fungal skin pathogens were inoculated into 10 ml of sterile Sabour-
aud’s Dextrose Broth and incubated at room temperature for
5 days. Using a sterile cotton swab, fungal spores were swabbed
on the sterile Sabouraud’s Dextrose agar plates. Agar wells were
prepared with the help of a sterile cork borer with a 10 mm diam-
eter. Using a micropipette, different concentrations of medicinal
plant extracts were added to different wells on the plate sepa-
rately. The plates were incubated in an upright position at room
temperature. The diameter of inhibition zones was measured in
mm and the results were recorded (Indu et al., 2006).

2.4. Determination of antifungal efficacy

The minimum inhibitory concentration (MIC) of each medicinal
plant extract was determined using the broth microdilution
method according to (Gerald, et al., 1996). Briefly, a fresh colony
of fungal isolates were inoculated into Sabouraud’s dextrose broth
(SDB) and incubated at 37 �C for 4 h equivalent to 1.5 � 108 Colony
Forming Unit adjusted to 0.5 McFarland standard. Fluconazole
infusion (2 mg/ml; Pfizer, (Pharmacia India Pvt Ltd) India) was
used as a positive control for the antifungal assay. Cultures were
incubated at 37 �C for 24–48 h, and the tubes were examined for
fungal growth to determine the minimum inhibitory concentration
(MIC). The antifungal activity was repeated twice with two repli-
cates for all clinical isolates with each plant extract at all the test
concentrations.
3. Results

3.1. Antifungal effects of clinical isolates

Of the 30 clinical samples processed, all samples 30 (100%) dis-
played fungal morphology on KOH preparation and further clinical
specimens were confirmed by culture. In positive clinical cases, the
ratio of men and women was 2:1. (Table 1). Fig. 1 showed the col-
ony morphology of fungal strains isolates and the microscopic
examination of isolated fungus by Lactophenol cotton blue staining
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from a skin infection. The fungal isolates were identified as
Alternaria spp., Curvularia spp., and Fusarium spp., Trichophyton
spp. and Geotrichum spp. The commercial antibiotic Amphotericin
– B and Ketoconazole showed high inhibitory activity against
Alterneria sp, but, Fluconazole and Clotrimazole antibiotics showed
highly resistant against Alterneria spp. In Curvularia spp., antibi-
otics showed less inhibitory activity (slightly sensitive) against
antibiotics. These antibiotics did not show any inhibitory activity
(resistant) against the Fusarium spp. Trichophyton spp. and Geotri-
chum spp.

3.2. Antifungal effects of Acalypha indica

In this study, 4 plants were selected according to their tradi-
tional usage for the treatment of fungal skin infection and associ-
ated symptoms. Table 2. revealed the description of the plants
examined by common and scientific names, traditional medicinal
uses. Acetone leaf extract of Acalypha indica showed an effective
dose-dependent antifungal effects against Curvularia spp. and
showed negligible inhibitory activity against Trichophyton spp.
and Geotrichum spp. whereas did not show any antifungal activity
against Alternaria spp. and Fusarium spp. (Fig. 2 and Fig. 3).

3.3. Antifungal effects of Lawsonia inermis

Acetone leaf extract of Lawsonia inermis showed negligible inhi-
bitory activity against Geotrichum spp. and Trichophyton spp. How-
ever, the absence of inhibitory activity observed against Alternaria
spp. and Fusarium spp. (Fig. 2 and Fig. 3). Chloroform leaf extract of
Lawsonia inermis did not show antifungal activity.

3.4. Antifungal effects of Citrus limon

Citrus limon juice effectively inhibited the growth of Alternaria
spp., Geotrichum spp. and Trichophyton sp. and mild inhibitory
effects on Curvularia spp. whereas, no effects against Fusarium sp.
This result revealed that Citrus limon juice showed the highest anti-
fungal activity against Geotrichum spp. and Alternaria spp. as
shown in Fig. 2 and Fig. 4.

3.5. Antifungal effects of Allium sativum

Acetone extract of Allium sativum gloves showed excellent inhi-
bition against all opportunistic cutaneous fungi isolates in dose-
dependent manner (Fig. 2 and Fig. 4). Allium sativum extract
showed strong antifungal activity against Alternaria spp., followed
by Trichophyton sp. Geotrichum spp., Curvularia spp., and Fusarium
spp. Upon the use of traditional plant extract in this study, Allium
sativum extract alone has a strong and effective antifungal activity
against Fusarium spp. shown in Fig. 2 and Fig. 4.

3.6. Minimum fungal concentration (MFC) of plants extract

The in vitro antifungal effects of traditional plant extracts were
evaluated against fungal isolates using the microdilution method



Fig. 1. Colony morphology and microscopic photographs of dermal fungal strains isolated from skin scrapings. A. Macroscopic morphology of fungal isolates on Sabouraud
dextrose agar (SDA) incubated at 30 �C for 5 days. B. Microscopic observation of fungal isolates by lactophenol cotton blue stain (LPCB) wet mount preparation. 1.
Microscopically, the tapering conidia arise in chains and have both transverse and vertical septae giving a muriform appearance. (x40) 2. The thallus consists of dark septate
hyphae with conidia arising sympodially from the conidiophore. Conidia have transverse septae with 3–5 cells. (x40) 3. Septate hyphae with short tapering conidiophore
(conidiophore may be long in some species) are seen. (x40) 4. Sparse clubbed microconidia, formed along the sides of the hyphae. (x40) 5. True hyphae giving lateral branches
at right angle and break into rectangular arthroconidia of variable lengths. (x40).

Table 2
Selected Indian medicinal plants used for treatment of skin diseases.

Plant species
(Family);

Common
name

Part Used Traditional uses Previous reports on
antimicrobial activities

Acalypha indica
Linn.
(Euphorbiaceae)

kuppaimeni
or kucing
galak

Leaves, root Emetic, ophthalmic, vermifuge, asthma, stomach-ache bronchitis,
intestinal worms

Ethanolic, water and chloroform
extract of leaves (Somchit et al.,
2010).

Lawsonia inermis
Linn
(Lythraceae)

Marudani or
Henna

Leaves, bark, root,
flower, seeds

skin diseases, leprosy, wounds, ulcers, herpes hair coloring,
cosmetics, liver problems, nervous symptoms, toothache.

Ethanol and petroleum ether
extract of leaves (Suleiman and
Mohamed, 2014)

Citrus limon Linn
(Rutaceae).

Elumicchai,
or Lemon

Leaves, bud, Fruit (Juice,
Pericap, powder, peel),
seed, stem

Loss of weigh, diabetic, inflammation, allergic, menstrual disorders,
skin disease, cough, abdominal pain,

Acetone and ethanol extract of
fruit peel (Otang and Afolayan,
2016)

Allium sativum
(Alliaceae)

Poondu or
garlic

Garlic cloves Hemorrhoids, rheumatism, dermatitis, abdominal pain, cough, loss
of appetite, loss of weigh, liver disorders, bronchitis, colic,
flatulence, dysentery, intestinal worms

Ethanol extract of garlic gloves
(Karuppiah and Rajaram, 2012)
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to investigate its MFC values. The MFC values of the medicinal
plant extracts against test fungi are listed in Table 3. Most of the
plant extracts shown a strong and effective antifungal spectrum
against clinical isolates. All tested plant extracts were more strong
effects against Curvularia spp., Trichophyton spp., and Geotrichum
spp. with less MFC concentration of the extract (50–150 lg/mL).
The extracts of Allium sativum showed the MFC values in the ranges
of 50–100 lg/mL, whereas, all the other extract showed the MFC
values in the ranges 50–800 lg/mL. Most of the plant extract
revealed the highest concentration of MFC values for Fusarium
spp. On the other hand, fluconazole used as positive controls
showed strong antifungal effects.

4. Discussion

The practice of using plant-derived bioactive products is the
secondary metabolites are regularly followed in various tribal com-
munities all over the world for more than many centuries. Simi-
larly, our Indian traditional medicine or Ayurveda, also known to
practice the use of many herbs as medicine (Supreetha et al.,
2011). Therefore, the burgeoning search for identifying the tradi-
tional plants for its novel fungicidal property is now extensively
accomplished and as a consequence, antifungal treatment is suc-
ceeding the better cases in health care and management of disease
(Motsei et al., 2003). The global rise in the occurrence of fungal
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infection has been documented in the last few decades. Commonly
using antifungal agents has varied toxicity, efficacy, and cost differ-
ences, and its repeated usage leading to the emergence of resistant
strains that cannot be treated with the normal antifungal drugs.
Here, the challenge remains to be establishing effective antifungal
strategies for treating the common fungal disease such as candidi-
asis and other frequent pathogens. (Abad et al., 2007). The recent
emergence of resistant in identified fungal pathogens and the
occurrence of fungal pathogens which are inherently unaffected
by the current available antibiotics, are the prevalent reasons for
developing the need for identifying the novel antifungal agents
(Ficker et al., 2003). Here in our current study revealed the antifun-
gal activity of traditional medicinal plant extracts that had a negli-
gible inhibitory effect on fungal isolates, however, it is not as good
as effect of Allium sativum. Acetone extract of Allium sativum gloves
had significant fungal inhibitory actions of all selected dermal fun-
gal pathogens.

Traditionally, the decoction of leaves and spices of these medic-
inal plants has been used to treat indigestion, menstrual irregular-
ities, dysentery, intestinal worms, wounds and ulcers as mentioned
in Table 2. These medicinal plants extract were reported in previ-
ous studies against bacterial and candidiasis. However, detailed
evidence on the antifungal properties is lacking. These plant
extracts have been used for the treatment of diarrhea food poison-
ing and diuretic and indigestion (Somchit et al., 2010; Suleiman



Fig. 2. Antifungal activity of acetone extract of Medicinal plants against dermal fungal isolates.

Fig. 3. Antifungal activity of acetone extract of Acalypha indica and Lawsonia inermis against dermal fungal isolates.
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and Mohamed, 2014; Otang and Afolayan 2016; Karuppiah and
Rajaram, 2012). These plants have been used traditionally to treat
ailments, skin problem and aid digestion in India (Chaudhari et al.,
2016; Petrovska and Cekovska, 2010; Chekuri et al., 2020;
Buddhadev and Buddhadev, 2016).

Medicinal plants produce various types of secondary metabo-
lites showed strong antifungal effects against several dermal fun-
gal pathogens. Allicin, the most potent bioactive compound
reported from Allium sativum (Martins et al., 2015) possesses a
wide variety of activities includes; antioxidant, fungicidal, bacteri-
cidal, virucidal, and antiparasitic effects. Allium sativum cloves
extract to have noble and diverse standards of antifungal activity
against Aspergillus niger, Candida albicans and Trichophyton rubrum
2184
(Ikegbunam et al., 2016). Sudanese origin garlic bulb has reported
to exhibit a substantial level of fungicidal property towards Can-
dida albicans and Aspergilllus niger, comparable with the commer-
cial antifungal drug (Abdallah, 2017). Nikpay and Soltani (2018)
reported that fungicidal activity due to the presence of flavonoids,
alkaloids, tannins, citronellol, geraniol, thymoquinone, and pheno-
lic compounds. The antifungal effects might be attributed due to
the presence of tannins, alkaloids, flavonoids, steroids, glycosides,
saponins and phenolic compounds in the Acalypha indica leaves
extract (Mohan et al., 2012). Furthermore, the research revealed
that the leaf extract of Acalypha indica consists of phenolic com-
pounds such as anthraquinones, catechols, triterpenoids, and
kaempferol derivatives (Chitravadivu et al., 2009) actively inhibits



Fig. 4. Antifungal activity of acetone extract of citrus limon and Allium sativum against dermal fungal isolates.

Table 3
Minimum Fungicidal Concentration (MFC) Indian medicinal plants extracts against fungal isolates.

Minimum Fungicidal Concentration (MFC) mg/mL

Plant species Alternaria spp. Curvularia spp. Fusarium spp. Trichophyton spp. Geotrichum spp.

Acalypha indica 600 50 800 100 100
Lawsonia inermis 400 50 800 50 100
Citrus limon 50 150 800 50 50
Allium sativum 50 50 100 50 50
Fluconazole 12.5 12.5 25 12.5 12.5
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the fungal isolates. Lawsonia inermis extract consists of various
bioactive phytochemicals including aromatic compounds, flavo-
noids (quercetin, apigenin, apigenin-7-glucoside, apigenin-4-
glycoside, luteoline, luteolin-7-glucoside, luteolin-3-glucoside),
naphthoquinone (lawsoniaside and lawsone), saponins, triter-
penoids, dioxin derivatives, polyphenolic components (lalioside,
lawsoniaside B, syringinoside, daphneside, daphnorin, isoscutel-
larin, gallic acid), terpenes and terpenoids, phytosterols and alipha-
tic compounds (lawsaritol, stigmasterol and b-sitosterol),
xanthones (laxanthone I-III), benzopyrone (Singh et al., 2015).
The antifungal activities of Lawsonia inermis extract against the
selected dermal fungal pathogens are due to presence of the bioac-
tive phytochemicals. In the current study, Citrus limon crude
extracts have exhibited comparable antifungal effects to the pres-
ence of phenolic compounds (Marzouk, 2013). Citrus limon crude
extracts consists of 68% d-limonene, a dominant antioxidant that
is favourable to the skin due to its purifying and cleansing proper-
ties (Bickers and Athar, 2006). Therefore, the discoveries of these
potential herbal antifungal agents are encouraging in replacing
the current commericial antifungal drugs that induce many types
of toxicities in patients. This study showed that, fluconazole com-
mercial antifungal was found to exhibit 12.5–25 lg/ml whereas
the extracts of plant species shows 50–600 lg/ml due to less con-
centration of pure bioactive components. Furthermore, future
studies to identifying bioactive molecules and its molecular mech-
anisms responsible for promising therapeutic applications in the
rescue of antifungal efficacy.

Therefore, the current study, we have demonstrated the acetone
extract of Allium sativum has excellent fungicidal activity compared
to other traditionally used plant extract. The prevalence of antimi-
crobial resistance is an ongoing issue attributable to the emergence
of a strong antibiotic defence mechanism. The antifungal activity of
these extract is likely to be associated with the bioactive com-
pounds. Therefore, it is important to exploit and produce novel
inhibitors against resistant microbial pathogens.
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5. Conclusions

Currently, all the medicinal plants investigated in this analysis
are traditionally used to combat different fungal diseases (Table.
2), and have demonstrated strong antifungal effects against the
fungal isolates including Alternaria spp., Curvularia spp., Fusarium
spp., Trichophyton spp. and Geotrichum spp. The antifungal effects
of acetone extract of Allium sativum gloves were highly significant
with the MIC values of 50 lg/mL. Furthermore, this is the first
report that revealed the antifungal effects of acetone extract of
medicinal plants investigated in this study (Fig. 5). Further phyto-
chemical research is important to provide relevant information for
the development of potential bioactive compounds that benefit the
development of new therapeutic needs for fungal infections.
Finally, the findings of this analysis clearly demonstrate the anti-
fungal effects of medicinal plant extract produce evidence to
endorse in traditional medicine.
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