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Objective: To evaluate the antimicrobial activity of different extracts of Hydroclathrus clathratus (C. Agardh)
M. Howe against human bacterial and fungal pathogens.

Methods: The antimicrobial activities of the extracts against various pathogens were tested by using agar well
diffusion method.

Results: Maximum activities were recorded by methanolic extract on P. aeruginosa (26.33+1.86mm), S.aureus
(21.00+1.78mm), E. coli (19.32+0.89mm), B. subtilis (18.33+1.86mm) and K. Pneumoneae (18.14+1.50 mm).
Hexane extract showed maximum antifungal activity against F. oxysporum (18.33+1.86mm) and ethyl acetate
showed maximum activity against A. niger (18.33+2.73mm). While, methanolic extract showed more activity
against A. flavus (18.00+3.22 mm), C. albicans (18.14+1.50mm) and Penicillium sp. (13.66+1.36mm).
However, aqueous extract showed minimum inhibitory effect on the pathogens.

Conclusions: Different solvent extracts of seaweeds used in the present study have shown significant anti-
bacterial and anti-fungal action. The study offers opportunities for producing new types of bioactive
compounds; however, the mechanism of inhibition and stability of the extracts still are not clear and more
studies should be involved.

INTRODUCTION

Marine algae are considered as one of the largest
producers of biomass in the marine environment. They produce a
great variety of structurally unique secondary metabolites with
pharmacological and biological activities (Schwartsmann et al.,
2001). Various natural antimicrobial compounds have been
recorded in marine environment more than those in the terrestrial
one (Ireland et al., 1988). Seaweeds have been considered as
potential sources of the antibiotic substances. Some macroalgae
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have bio-active components which affected the growth of some
pathogenic bacteria (Kolanjinathan et al., 2009). Microbial
infection causes high rate of mortality in human population and
aquaculture organisms. Modern therapy for infectious diseases by
the use of antimicrobial drugs has certain limitations due to
changing patterns of resistance in pathogens and the side effects
they produced. Development of resistance by pathogens to
commonly used antibiotics provides an impetus for attempts to
search for new antimicrobial agents to combat infections and
overcome the problems of resistance and side effects of the
currently available antimicrobial agents. Pharmaceutical industries
are giving importance to the compounds derived from natural
sources.

© 2017 T. Vimalaand T. V. Poonghuzhali. This is an open access article distributed under the terms of the Creative Commons Attribution License -NonCommercial-
ShareAlikeUnported License (http://creativecommons.org/licenses/by-nc-sa/3.0/).
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Hence, the systematic screening of marine algae with the
purpose of search for components with antimicrobial activity has
gained increasing importance in recent times (Mouhssen Lahlou
2013; Kolanjinathan et al., 2014).

There are numerous reports with reference to several
pathogen inhibitory compounds from marine macroalgae against
human viral, microbial, fungi and yeast pathogens. The extracts of
various marine algae have been shown to exhibit antibacterial
activity against Gram positive and Gram negative bacteria (Lima-
Filho et al., 2002).

Brown algae are a large group of mostly marine
multicellular algae possessing a wide range of bioactive secondary
metabolites. They play an important role in marine environments,
both as food and for the habitats they form. Various bioactivities
of compounds from brown algae have been extensively reported
(Fang et al., 2015; Manilal et al., 2016; Gupta et al., 2011) Among
all the seaweeds, highest phytochemical content have been
reported from brown seaweeds (Seafoodplus, 2008). Phenolic
compounds which play a major role in antibacterial and antifungal
activities are found abundantly in brown seaweeds when compared
with the green and red seaweeds (Chkhikvishvili and Ramazanov,
2000).

However, the potent antimicrobial effect of seaweeds
resides in the efficiency of the extraction method (Tuney et al.,
2006), the algal species (Valchos et al., 1997) and the
solvents being used (Cox et al., 2010). Studies also have shown
that higher medicinal effect was obtained from dry seaweeds
samples than from fresh samples as indicated by many studies
which reported that extracts prepared from fresh seaweeds showed
negligible antimicrobial activity compared to that obtained from
dried seaweeds (Manivannan et al., 2011).

The present study aimed to test the in vitro antimicrobial
effects of different solvent extracts of brown alga, Hydroclathrus
clathratus (C. Agardh) M.Howe isolated from southern part of
Tamilnadu, India, against some bacterial and fungal isolates. There
are very few reports on this alga and hence the study may provide
some insight into the activity of this seaweed.

MATERIALS AND METHODS

Collection of seaweed

Fresh, matured and healthy seaweed was collected from
Mandapam, Ramanathapuram district of Tamilnadu coast of India
during November, 2014. Algal sample was handpicked, washed
thoroughly with seawater to remove all the impurities, sand
particles and epiphytes, extraneous matter and necrotic were
removed. Samples were collected in sterilized polyethylene bags,
and put in an ice box, then transferred to the laboratory
immediately until the experimental work was done. The alga
collected was identified as Hydroclathrus clathratus (C. Agardh)
M.Howe and was authenticated by Botanical Survey of India,
Southern Regional Centre, Coimbatore, Tamilnadu, India. The
specimen has been submitted to the institute for preservation.

Sample preparation

The sample was gently rinsed with sterile distilled water
to remove salt, sand and epiphytes, epizoones, animal castings,
calcareous and other adhering detritus matters. The seaweed was
then shade dried at room temperature for a span of one week to
prevent photolysis and thermal degradation, under a continuous
stream of air flow. The completely dried seaweed material was
weighed and powdered in a mechanical grinder and then stored at
—20 °C for further analysis.

Extraction of H. clathratus (C. Agardh) M. Howe

100g of powdered seaweed sample was soaked in the
organic solvents with the increasing order of polarity viz., hexane,
ethyl acetate and methanol (1:4 w/v), and extracted for 4 days at
room temperature, and the extracts were collected and
concentrated. Each time before extracting with next solvent
powdered was dried in an air oven below 50 °C. Finally, the
sample was macerated with water for 24 hour to obtain the
aqueous extract. The extract was stored in air tight glass container
at 4-8 °C for further analysis.

Preliminary Phytochemical Screening of the algal extracts

Preliminary phytochemical screening of different solvent
extracts of H. clathratus (C. Agardh) M. Howe was carried out to
detect the phytoconstituents using standard conventional protocols
(Harborne, 1998).

Antimicrobial Activity
Bacterial strains

The bacterial strains used for anti-bacterial assay were
obtained from the Institute of Microbial Technology, Chandigarh,
India. The following strains were used: Gram negative rods:
Escherichia coli (MTCC 43), Pseudomonas aeruginosa (MTCC
1688), Klebsiella pneumoneae (MTCC 432), Gram positive spore-
forming rods: Bacillus subtilis (MTCC 441), Gram positive cocci:
Staphylococcus aureus (MTCC 737).

Fungal strains

The fungal strains were obtained from Centre for
Advanced Studies in Botany, University of Madras, Tamilnadu,
India. The fungal strains used for anti-fungal assay were:
Aspergillus flavus, Aspergillus niger, Candida albicans, Fusarium
oxysporum, Penicillium sp..

Antibacterial assay

Antibacterial activity was assayed using the agar well
diffusion test technique (Perez et al., 1990). Nutrient Agar
Medium (NA) plates were prepared and the pH was maintained at
7.4. A sterile cotton swab was used for spreading the test pathogen
from the 24 hours inoculated broth evenly on the NA plates.
Similarly swabbing was done separately for each test pathogen on
the NA plates and left for few minutes to allow complete
absorption of the inoculums. In each of these plates five wells of
5mm diameter each were made using an appropriate size sterilized
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cork borer. 100 pl of three different concentrations (5 mg/ml, 2.5
mg/ml and 1.25 mg/ml respectively) were placed in the wells and
allowed to diffuse at 4 °C temperature for 30 minutes. Antibiotic
chloramphenicol (0.01mg/ml) was used as positive control and the
respective solvents were used as negative control. The extract
loaded plates were kept for incubation at 37°C for 24 hours. After
incubation, a clear zone was observed around the well which was
evidence for the presence of antibacterial active compounds in the
algal extracts. Diameters of the zone of inhibition were measured
in mm.

Antifungal Assay

Antifungal activity was evaluated by agar diffusion
method (Suay et al., 2000). The agar plates inoculated with the test
fungi were incubated for 1 h before placing extracts, following this
spots of 25 pL of crude extract of seaweed were applied on agar
medium. After incubation at 28°C+0.1 for 48 h, all plates were
observed for zones of growth inhibition, and the diameters of these
zones were measured in millimeters. All tests were performed on
sterile conditions in duplicate and repeated three times.
Clotrimazole was used as positive control and respective solvents
as negative control.

RESULTS

Preliminary Phytochemical Screening of the algal extracts

By preliminary phytochemical screening of fourteen
different chemical compounds (steroids, alkaloids, phenolic
groups, saponins, tannin, flavonoids, anthraquinone, coumarins,
phytosteroids,  glycosides,  cardiac-glycosides,  terpenoids,
quinones) were tested in four different extracts of H.clathratus.
Thus, out of 56 tests for compounds, only 33 gave positive results
and the remaining 23 gave negative results. The positive results
showed the presence of tannins, saponins, flavonoids, alkaloids,
phenols, cardiac glycosides, terpenoids, Coumarins, steroids,
phytosteroids, Anthroquinones, Phlobatannins. Glycosides and
quinones did not show in any of the extracts. Flavonoids, Phenols,

Table 1: Phytochemical screening of different solvents extract of H.clathratus.

Alkaloids, Terpenoids showed the maximum presence in all the
four different extracts. Coumarins and phytosteroids were present
in 3 different extracts.

Among the four extracts, methanolic extract showed
maximum number (11) compounds followed by hexane and ethyl
acetate (9 compounds) extracts. Aqueous extract showed the
minimum number (4) compounds (Table 1).

Antibacterial assay

The antibacterial activity of H.clathratus extracts was
studied by using different solvents viz., aqueous, methanol, ethyl
acetate, hexane by agar well diffusion test technique (Perez et al.,
1990) against three human pathogens. Table 2 demonstrates the in
vitro antimicrobial activity of different extracts of H.clathratus.
Among the four solvents tested, methanol extract exhibited
maximum inhibition on the growth of the tested bacterial species.
As observed, the methanol extract showed the highest inhibitory
activity for the chosen bacterial strains followed by other solvent
extracts. Maximum activities were recorded by methanolic extract
on P. aeruginosa (26.33+1.86mm), S.aureus (21.00+1.78mm),
E.coli (19.32+0.89mm), B.subtilis (18.33£1.86mm) and K.
Pneumoneae (18.14+1.50 mm). Hexane and ethyl acetate too had
maximum inhibitory effect on tested E coli. However, aqueous
extract showed minimum inhibitory effect on the pathogens.

Antifungal assay

Antifungal activity was evaluated by agar diffusion
method (Suay et al., 2000). The present study is an attempt to
screen antifungal activities of H.clathratus through crude extracts
of different solvents on fungal strains viz., Aspergillus flavus,
Aspergillus niger, Candida albicans, Fusarium oxysporum,
Penicillium sp. (Table 3). Hexane extract showed maximum
activity against F. oxysporum (18.33+£1.86mm) and ethyl acetate
showed maximum activity against A.niger (18.33+2.73mm).
However, methanolic extract showed more activity against
Aflavus (18.00£3.22 mm), C.albicans (18.14+1.50mm) and
Penicillium sp. (13.66+1.36mm).

Phytochemical tests Hexane Ethyl acetate Methanol Aqueous
Tannins + + +
Saponins + +
Flavonoids + + + +
Alkaloids + + + +
Phenols + + + +
Glycosides
Cardiac Glycosides + +
Terpenoids + + + +
Quinones - -
Coumarins + + +
Steroids + +
Phytosteroids + + +
Anthroquinones +
Phlobatannins +
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Table 2: Antibacterial activity of various crude solvent extracts of H.clathratus.

Zone of inhibition in mm

Bacterial strains Conc. mg/ml Hexane Ethyl acetate Methanol Agueous
15 12.00+0.89 10.66+136 14.56+1.03 0
Escherichia coli 25 14.66+1.86 12.33+0.51 16.00+0.51 4.66+0.51
5 15.33+2.06 13.00+0.89 19.32+0.89 7.66+0.51
Antibiotic 14.66+1.86 14.66+1.86 14.66+1.86 14.66+1.86
15 11.66+1.36 4.66+0.51 10.11+1.03 0
Pseudomonas aeruginosa 25 12.00+0.89 7.33£0.51 13.23+£0.76 0
5 16.66+1.36 8.33+0.89 26.33+1.86 8.33+0.89
Antibiotic 16.66+1.03 16.66+1.03 16.66+1.03 16.66+1.03
15 11.66+0.51 12.00+1.54 12.21+0.81 0
Klebsiella pneumoneae 25 14.66+0.51 13.66+1.36 15.52+1.06 5.00£0.89
5 16.66+1.36 16.66+1.36 18.14+1.50 8.00+0.89
Antibiotic 18.00+0.89 18.00+0.89 18.00+0.89 18.00+0.89
15 11.66+1.03 15.66+1.86 13.00+0.89 0
Bacillus subtilis 25 12.66+0.51 16.33+£2.03 15.66+1.36 3.00£0.89
5 15.66+2.87 17.66+0.51 18.33+£1.86 7.33£0.51
Antibiotic 16.66+1.36 16.66+1.36 16.66+1.36 16.66+1.36
15 12.33+£1.36 10.66+136 15.66+2.87 0
Staphylococcus aureus 25 15.66+2.87 13.66+1.36 17.00£0.89 0
5 17.00+0.89 14.33+£1.86 21.00£1.78 6.66+0.51
Antibiotic 16.66+0.51 16.66+0.51 16.66+0.51 16.66+0.51
Table 3: Antifungal activity of various crude solvent extracts of H.clathratus.
fungi Conc. mg/ml Zone of inhibition in mm
Hexane Ethyl acetate Methanol Aqueous
Aspergillus flavus 15 6.66+0.51 10.66+136 12.33+£2.25 0
25 8.66+0.51 13.33+£2.87 14.66+2.25 0
5 12.66+1.36 15.00£1.78 18.00+3.22 3.66+0.41
Antibiotic 10.66+1.86 10.66+1.86 10.66+1.86 10.66+1.86
. . 15 7.66£0.51 14.66+0.51 5.66£0.51 0
Aspergillus niger 25 9.00:£0.09 15.23+0.51 13.66+1.20 6.23+1.54
5 11.43+1.36 18.33+2.73 15.00+0.78 8.33+0.89
Antibiotic 12.66+1.03 12.66+1.03 12.66+1.03 12.66+1.03
Candida albicans 15 8.25+0.50 3.00+1.54 11.66+2.25 0
25 10.32+0.71 5.56+1.36 14.66+2.73 5.00+0.89
5 11.66+2.58 6.66+0.51 15.14+1.50 8.00+0.89
Antibiotic 18.00+0.89 18.00+0.89 18.00+0.89 18.00+0.89
. 15 13.00£0.59 7.45+1.86 10.09+0.89 0
Fusarium oxysporum 25 15.66+1.36 10.23+2.03 13.06+1.36 3.00+0.89
5 18.33+£1.86 11.76£0.51 15.13+0.86 5.33+0.51
Antibiotic 10.06+0.36 10.06+0.36 10.06+0.36 10.06+0.36
15 9.3610.25 7.26+1.87 5.66+0.32 0
Penicillium sp. 25 11.06+0.21 9.46+0.75 10.66+1.36 0
5 13.00£1.54 11.66+0.51 13.66+1.36 6.00+0.21
Antibiotic 18.66+2.25 18.66+2.25 18.66+2.25 18.66+2.25

DISCUSSION

The preliminary phytochemical screening indicates the
presence of various compounds. The colour of the extracts is
predominantly light or dark green or yellowish green. The green
colour is mainly due to presence of different kinds of chlorophyll
pigments (Chlorophyll a & b) along with carotenoids. Seaweeds
are rich in secondary metabolites which include alkaloids,
glycosides, flavonoids, saponins, tannins, steroids, related active
metabolites, which are of great medicinal value and have been
extensively used in the drug and pharmaceutical industry. Phenols
and flavonoids are antioxidants and play a vital role
in the bioactivity of seaweeds. Some of these bioactivities include

antimicrobial, anti-inflammatory and haemolytic effects (George
etal., 2002).

The antimicrobial activity of seaweeds may be
influenced by some factors such as the habitat and the season of
algal collection, different growth stages of plant, experimental
methods, etc. Many solvents have been used for screening
antimicrobial activity. However, it is still uncertain about the
effective solvent that is suitable for extraction of seaweeds.
Martinez- Nadal et al., (1966) mentioned that benzene and diethyl
ether were suitable solvents for extracting the antibiotic principle.
Parekh et al., (1984) reported that extracts obtained with acetone,
ethyl alcohol and ether showed higher antibacterial activity than
that of extracts obtained with chloroform. Thirumaran et al.,
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(2006) screened the antimicrobial activity of H.clathratus using
methanol extracts and reported that P.aeruginosa were more
susceptible than the other extracts. The results from the present
screening revealed that the strongest antibacterial activity was
exhibited by the methanol extract and the least by aqueous.

Seaweeds belonging to brown algae exhibit inhibitory
action against both Gram-positive and Gram-negative bacteria
(Del Val et al., 2001). The organic solvent chloroform and
methanol extracts of some red and brown algae showed maximum
activity against certain human pathogenic bacteria (Vallinayagam
et al., 2009). In our study it was reported that the methanolic
extract of H.clathratus showed highest antibacterial activity
against both Gram-negative and Gram-positive bacteria when
compared to other solvent which were studied.

The methanolic extract showed the highest percentage of
inhibition against most of the fungal pathogens studied. Although
solvent extracts showed activity against the fungal strains, the
aqueous extract showed the minimum or no activity against the
pathogens. Aqueous extracts did not alter the growth of fungal
species suggesting that either that they are not able to diffuse
across the agar or that the extracting condition did not allow the
isolation of active compounds with properties to alter fungal
growth under these conditions. The activity may vary according to
the species, extraction process and many other parameters.

Padmakumar and Ayyakkannu (1997) screened 80
species of marine algae for antifungal activities but did not find a
single algal extract active against A. flavus. Present investigation,
on the other hand, showed that extract of the seaweed is effective
against A. flavus.

The present study revealed that tested fungi exhibited
variable responses for the seaweed extracts depending upon the
applied solvent and fungal species. In this respect, Candida
albicans exhibited the highest resistance for all extracts except in
case of methanolic extract. Tuney et al., (2006) found that
ethanolic extract of Padina pavonica were active against C.
albicans, however methanolic and acetonic extracts of the same
algae were inactive against C. albicans. Variable findings were
obtained by several authors concerning the best solvent for
extraction the bioactive compounds. Khallil et al., (2015) reported
that there was no inhibitory action against Fusarium oxysporum
with ethyl acetate extract of Dictyota. Dichotoma but the present
study recorded inhibitory activity of ethyl acetate extract against
F.oxysporum.

CONCLUSION

The main objective of this work was to evaluate and
compare the ability of different solvent extracts of H.clathratus to
produce bioactive compounds of potential therapeutic interest. The
production of antibacterial activities was considered to be an
indicator for the capability of the seaweeds to synthesize bioactive
compounds. Marine natural products contain a wide range of novel
bioactive compounds or antibiotics with distinctive complex
structures. The study offers opportunities for producing new types

of bioactive compounds; however, the mechanism of inhibition
and stability of the extracts still are not clear and more studies
should be involved.
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