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ABSTRACT: We here in the report the investigation of the antifungal
activity of various solvent extracts obtained from a marine brown alga,
Lobophora variegata against three fungal dermatophytes, namely Candida
albicans, Candida tropicalis, Trichophyton mentagrophytes and a
nondermatophyte Aspergillus flavus using disc diffusion method. Among the
solvent extracts tested in the investigation, only the methanol extract of the
L. variegata exhibited better antifungal activity against all the fungi and
chloroform extract was able to elicit activity against C. albicans and T.
mentagarophytes. On the other hand, the extract of the L. variegata obtained
from ethyl acetate was active against C. albicans only. In contrast to the
methanol and chloroform extracts, the aqueous and hexane extracts of the L.
variegata were found to be least effective and showed no observable activity
against any of the test fungi. The investigation demonstrated that the
methanol extract of brown alga L. variegata is more effective on
dermatophyte fungi.

INTRODUCTION: Algae has a wide area of
ecosystems that make them a major contributor for
the innumerable chemical compounds with simple
to complex structures they can synthesize.
Especially, marine seaweeds are an invaluable
source for a wide spectrum of bioactive compounds
and a major subject for the screening of various
pharmaceutical drugs. Marine algae were reported
to produce a wide variety of bioactive secondary
metabolites as antimicrobial, antifeedant, antihelminthic and cytotoxic agents and the bioactive
compounds, included alkaloids, polyketides, a
cyclic peptide, polysaccharide, phlorotannins, diterpenoids, sterols, quinones, lipids and glycerols 1.
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Fungal resistance towards to the anti-fungal agents
is the foremost problem all over the world with
present antibiotic therapy in treating infectious
diseases 2. During the present decade, there is
substantial growth in the research activity focused
on marine seaweeds for isolating and developing
newer antimicrobial agents. In the past four
decades, many novel bioactive compounds have
been isolated from marine organisms 3.
Many investigations revealed that macroalgae have
a broad range and potential use in pharmacology
researches as an antifungal 4, 5, 6. Their inhibitory
effects are related to the presence of bioactive
compounds as secondary metabolites, e.g. phenol
and carotenoids compound 7 or due to the presence
of saponins, flavonoids, tannins and cardiac
glycosides 8. However, considering the growing
need for new sources of bioactive compounds to
fight microbial resistance, here in our research, we
are screening the extract of Lobophora variegata
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collected using various organic solvents is against
fungal pathogens.
MATERIALS AND METHODS:
Collection and Preparation: Fresh algal samples
of Lobophora variegata (J.V. Lamouroux)
Womersley ex E.C.Oliveir were obtained from the
South East coast of Tamil Nadu (Lat. 09º
17.417’N; Long. 079º 08.558’E) and the algae were
identified by the standard manual 9. The salt and
sand stuck on the surface of the freshly collected
samples were removed by washing by using
sterilized seawater. The cleaned algal samples
shade dried until constant weight was obtained and
the dried seaweeds were finely powdered using a
blender. The powdered algal sample was stored in
an air-tight container and kept in a desiccator at
room temperature for further analysis.
Preparation of Algal Extracts: About 30 g of the
dried seaweed powder was soaked individually in
the solvents such as water, methanol, chloroform,
ethyl acetate and non-polar solvent n-hexane at 1:3
w/v ratio (100 ml) and kept in hot air oven at 40-60
ºC depending on the choice of the solvent for 24 h
and the extracts were collected. The extract was
then filtered through a Buchner funnel with
Whatman no. 1 filter paper. The filtrate was
evaporated to dryness to get solid sample under
pressure using a rotary vacuum evaporator at 50 ºC,
and the crude extracts were weighed. These crude
extracts were then tested for their antifungal
activity against selected fungal pathogens. The
yield of extracts obtained was 3, 10, 7, 5 and 6% in
water, methanol, chloroform, ethyl acetate, and nhexane respectively.
Antifungal Assays: Pure culture of Aspergillus
flavus (ATCC 20048), Candida albicans (ATCC
20408), Candida tropicalis (ATCC 2090),
Trichophyton mentagrophytes (ATCC 28185) were
purchased from M/S LGC Promochem India Pvt.
Ltd., Bangalore, India. Flucanozole (Hi-media) was
used as the standard antibiotic. Stock cultures were
prepared and maintained in sabouraud dextrose
agar (SDA) slants at 4 °C. Before the experiment,
SDA broth was prepared, inoculated and incubated
with the pure culture at 25 °C for 3 days. A disc
diffusion method was adopted to evaluate the
antifungal activity of the algal extracts 10. About
150 CFU/mL of inoculum was swabbed onto SDA

E-ISSN: 0975-8232; P-ISSN: 2320-5148

plates uniformly and allowed it to dry in a sterile
environment. A sterile disc of 6 mm (HIMEDIA)
was loaded with 30 μl of test solution (seaweed
extract) were incubated at 25 °C for 2-3 days to
measure zone of inhibition. The mean was
calculated by performing the experiments in
triplicates.
Determination of MIC and MFC: Microdilution
broth susceptibility test was adopted for the
determination of minimum inhibitory concentration
(MIC) 11. The microorganisms which showed
higher activity in the preliminary investigation
were used as the test organism in MIC
determination. Minimum fungicidal concentration
(MFC) represents the lowest concentration of an
antifungal that prevents the growth of fungi. The
test organism was subcultured in nutrient broth for
24 h. To obtain the strength of 106 CFU/mL, the
broth cultures were matched with MC Farland
standard tubes and diluted with sterile nutrient
broth for 24h.
Statistical Analysis: The data were analyzed by
using the one way ANOVA with equal sample size
by using SPSS 17.0. The difference was considered
significant when p<0.005. All the values were
expressed as mean ± standard deviation (S.D).
Triplicate assays were performed for each set of
test conditions.
RESULTS: The dermatophyte fungi, Candida
albicans, C. tropicalis, T. mentagrophytes, and
Aspergillus flavus were used in the assessment of
antifungal activity by the solvent extract of the
experimental alga. Flucanozole was used as the
standard and the results are presented in Table 1
and 2, as well as images of discs, are given in Fig.
1 and 2. The methanol extract of the alga exhibited
antifungal activity against all the fungi tested in the
investigation while chloroform extract was able to
elicit activity against C. albicans and T.
mentagarophytes Table 1. The extract of the L.
variegata prepared from ethyl acetate was active
against C. albicans only. Whereas, aqueous and
hexane extracts of the alga were ineffective with no
activity against any of the test fungus Table 1. The
methanol extract of the alga recorded more than
50% activity against all the organisms as compared
to that observed for standard (Flucanozole-10
µg/mL) Table 1 and Fig. 1.
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TABLE 1: ANTIFUNGAL ACTIVITY OF VARIOUS SOLVENT EXTRACTS OF L. VARIEGATA (30 μl)
S.
Solvent used for
Zone of Inhibition (in mm)
no.
extraction/
Candida
Candida
Trichophyton
Aspergillus
antibiotic
albicans
tropicalis
mentagrophytes
flavus
1
Methanol
18.68 ± 0.002
7.37 ± 0.002
13.67 ± 0.001
8.41 ± 0.001
(57.1%)
(63.47%)
(70.93%)
(63.32%)
2
Aqueous
3
Chloroform
14.64 ± 0.001
7.23 ± 0.002
(44.71%)
(37.51%)
4
Ethyl acetate
9.27 ± 0.001
(28.13%)
5
Hexane
6
Flucanozole (10 µg/mL)
32.74 ± 0.002
11.61 ± 0.002
19.27.43 ± 0.003
13.28 ± 0.003
(100%)
(100%)
(100%)
(100%)

FIG. 1: ANTIFUNGAL ACTIVITY ON VARIOUS SOLVENT OF L. VARIEGATA. A- Aqueous, M- Methanol, CChloroform, E-Ethyl acetate, H-Hexane, S-Standard (flucanozole) (a) Candida albicans (b) Candida tropicalis (c) Trichophyton
mentagrophytes (d) Aspergillus flavus
TABLE 2: ANTIFUNGAL ACTIVITY OF VARIOUS CONCENTRATIONS OF METHANOLIC EXTRACT OF L. VARIEGATA

S.
no.
1

Name of the
Microorganism
Candida albicans

2

Candida tropicalis

3

(25 μg/mL)
11.22 ± 0.001
(34.10%)
-

Trichophyton
mentagrophytes
4
Aspergillus
flavus
Values are expressed as Mean ± SEM, n=3.

(50 μg/mL)
13.34 ± 0.001
(40.50%)
-

Zone of Inhibition (mm)
(75 μg/mL)
(100 μg/mL)
16.21 ± 0.001 19.18 ± 0.002
(55.41%)
(49.21%)
11.21 ± 0.002
(72.55%)
11.42 ± 0.002
(62.64%)
7.57 ± 0.002
(53.19%)

Flucanozole (100 μg/mL)
32.94 ± 0.002
(100%)
15.45 ± 0.002
(100%)
18.23 ± 0.002
(100%)
14.23 ± 0.002
(100%)

FIG. 2: ANTIFUNGAL ACTIVITY AT VARIOUS CONCENTRATIONS OF METHANOL EXTRACT OF L. VARIEGATA

Since, the methanol extract showed better
performance against all the tested fungi; the dosedependent anti-fungal activity was planned to test.
Table 2 is a summary of the antifungal activity of
the methanol extract of L. variegates tested at
different concentrations against the test fungi. At
the concentration of 25 µg/mL, 50 µg/mL and 75

µg/mL Fig. 2. C. albicans alone the inhibition
activity, whereas no activity was observed in
another fungus. At a concentration of 100 µg/mg
nearly 53.19% of the activity observed for the
standard antibiotic (Flucanozole) could be noted
against all the fungi.
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Determination of MIC, MBC, and MFC: The
methanol extract of L. variegata showed more
activity against C. albicans, and hence, this
organism was selected for further studies. At the
concentration of 15 and 20 µg/mL, they showed no
growth of the pathogen. Hence, its MIC is 15 and
MFC is 25 µg/mL when compared with standard
antibiotic Fluconazole displaying 20 to 30 µg/mL.
DISCUSSION: Seaweeds can produce a wide
variety of secondary metabolites with a wide
spectrum of biological activities, compounds with
cytostatic, antiviral, anthelminthic and antibacterial
and antifungal activities have been detected in
green, brown and red algae 12, 13. The methanol
extract of L. variegata showed antifungal activity
against (Candida albicans, Candida tropicalis,
Trichophyton mentagrophytes and Aspergillus
flavus, but in the present study aqueous and hexane
extract of L. variegata has shown no activity
against all the tested fungal pathogens. Boonchum
et al., (2011) reported the aqueous extract of
Turbinaira conoides exhibit the highest activity
against Candida albicans 14. The dichloromethane
and ethanol extract of Sargassum dentifolium,
Laurentia papillosa and Jania corniculata showed
no activity against Aspergillus flavus, but they
reported high activity against Candida albicans 15.
The ethanol extract of red algae Gelidium acerosa
showed the greatest inhibitory activity against
Candida albicans, Candida tropicals and
Aspergillus niger 16. Similar findings of methanol
extract of the brown alga, S. asperum showed
higher activity against C. albicans and A. niger, but
acetone, diethyl ether, and hexane show no activity
against Aspergillus flavus 17. The present
investigation demonstrates the antifungal activities,
and the greatest inhibition zone was recorded from
Phaeophyceae. These results suggest that the
possibility of using marine algae extracts in therapy
as natural antibiotics enhanced synthetic antibiotics
seaweeds in Gulf of Mannar has a wealthy source
of biologically active compounds against fungal
pathogens 18.
The extracts obtained from the brown alga
Stoechospormum marginatum and green alga
Codium iyengarii control the growth of Fusarium
solani in-vitro when used at 6 mg disc 19. The
extracts of Caulerpa filiformis, Ulva rigida,
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Zonaria toumefortii, Hypnea spicifera, Gelidium
alottiorum, and Osmundaria serrata inhibited the
fungal growth by more than 50%. In the present
study methanol extracts of L. variegata showed
higher activity against Candida albicans than
Trichophyton mentagrophytes. This activity is due
to the secondary metabolites present in the algal
species. Primary or secondary metabolites
produced by these organisms may be potential
bioactive compounds of interest in the
pharmaceutical industry 20.
In the present study, methanol extracts of L.
variegata were exhibited antifungal activities
against the four strains studied. Zovko et al., (2012)
reported similar results when tested with fungal
strains against the high activity of algal extracts,
especially against C. albicans 21. Gao et al., (2011)
reported that a few extracts of marine algae not
only have an antifungal activity but also have
toxicity towards cancer cells 22.
In another study, Tuney et al., (2006) reported that
the ethanolic extract of Padina pavonica was active
against C. albicans, however, methanol and
acetone extracts of the same algae were inactive
against C. albicans 23. In our study, the methanol
extract of brown alga L. variegata exhibited good
activity against C. albicans. These data seemed to
indicate the efficiency of algal extracts against
microorganisms is influenced by factors such as
location and seasonality 24, 25.
The results highlighted the antifungal activity of
the algal extract of L. variegata strongly, it is
expected that the antifungal activity found by us to
be done in the presence of bioactive molecules, as
phenolic compounds (phlorotannins, terpenes,
alkaloids), polysaccharides or fatty acids, many of
these structures being identified as antimicrobials
12
. They are using organic solvents which can
extract a large number of lipophilic compounds
(glycolipid, phenolic-terpenoids, unsaturated fatty
acids, and hydroxylated unsaturated fatty acids),
the higher antifungal activity found in ethanol
extracts, compared to aqueous extracts. The active
compounds in the species that showed strong
antifungal activity in our study remain to be
identified. It is clear that the use of organic solvents
always provides higher efficiency in extracting the
active antimicrobial compound.
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CONCLUSION: In conclusion, this study suggests
that methanol extracts of L. variegata possess
interesting antifungal properties, which should
encourage the continued search for new drugs for
therapy of infectious diseases derived from a
pathogenic fungus. They are a potential source of
bioactive compounds and should be investigated
for natural antibiotics.
Further work is required to identify the bioactive
molecules that are responsible for the antifungal
activity. Also, this study concludes that the extracts
of algae showed biopharmaceutical potentiality.
However, whether such extracts will act as
effective therapeutic agents remain to be
investigated, the identification of the bioactive
compounds and study of mechanisms of actions are
necessary before application.
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