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Objective: To evaluate the antibacterial activity of Gracilaria verrucosa (G. verrucosa) (Hudson),
Hypnea musciformis (H. musciformis) (Wulf) Lamour, Enatiocladia prolifera (E. prolifera) (Grev.)
falk, Gracilaria ferugosoni (G. ferugosoni), Gelidium species and G. verrucosa var. against the
selected bacterial pathogens. Methods: The antibacterial activities of methanol and aqueous
hot extracts were tested against various organisms by using disc diffusion method. Results:
The highest antibacterial activity (13 mm) was shown by the aqueous extract of G. verrucosa var.

Keywords: against Pseudomonas aeruginosa (P. aeruginosa) and the lowest activity (6 mm) was observed
Antibacterial activity in the methanol extract of E. prolifera against Escherlchlq coli (E. cqh). H.owever. in most of the
S~ seaweeds, methanol extract was found to be more effective. The microbial strains Salmonella

typhi (S. typhi), Staphylococcus aureus (S. aureus), Bacillus subtilis (B. subtilis) and Candida
albicans (C. albicans) were resistant to the aqueous extracts of all seaweeds. Conclusion: Further
work is needed to identify the principle compound which is responsible for antibacterial activity

Methanol extract
Aqueous extract

against pathogenic bacteria especially those causing the human diseases.

1. Introduction

Seaweeds are macroscopic algae found attached to the
bottom in relatively shallow coastal waters. They grow in the
intertidal and deep sea areas up to 180 meter depth and also
in estuaries and back waters on the solid substrate such as
rocks, dead corals, pebbles, shells and other plant materials.
They form one of the important living resources grouped
under three divisions viz. Chlorophyceae, Phaeophyceae
and Rhodophyceaelll. Seaweeds are the renewable living
resources which are used as food, feed and fertilizer in
many parts of the world. They are of nutritional interest as
they contain low calorie food, but rich in vitamins, minerals,
proteins, polysaccharides and dietary fibres. Seaweeds are
considered as a source of bioactive compounds as they are
able to produce a great variety of secondary metabolites
characterized by a broad spectrum of biological activities
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with antiviral, antibacterial and antifungal activities2-3].
Most of the bioactive substances isolated from marine
algae are chemically classified as brominated, aromatics,
nitrogen—heterocyclic, nitrosulphuric-heterocyclic,
sterols, dibutanoids, proteins, peptides and sulphated
polysaccharidesi4].

Recently, infections have become the leading cause of
death worldwide which has led to an increase in antibacterial
resistance, making it a global growing problem. Thus,
there is an urgent need to discover new antimicrobial
compounds from plants with diverse chemical structures
and novel mechanisms of action for new and reemerging
infectious diseases. The new therapeutic agents should
be effective and have a novel mode of action that renders
them impervious to existing resistance mechanismslsl.
The revolutionized therapy of infectious diseases by the
use of antimicrobial drugs has certain limitations due to
changing patterns of resistance in pathogens and side
effects they produced. These limitations demand for
improved pharmacokinetic properties which necessitate the
continued research for new antimicrobial compounds for
the development of drugsi6l. There have been a number of
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reports on antimicrobial activity of marine seaweeds against
several pathogens|7-13].

Using organic solvents for antimicrobial activity always
provides a higher efficacy in extracting compounds(14l.
Several extractable compounds such as cyclic polysulfides
and halogenated compounds are toxic to microorganisms and
they are responsible for the antibiotic activity of seaweeds.
The extraction of antimicrobials from the different species
of seaweeds was solvent dependent. Methanol was a good
solvent for extraction of antimicrobials from brown seaweeds
whereas acetone was better for red and green speciesl15].
Screening of organic extracts from marine algae and
other marine organisms is a common approach to identify
compounds of biomedical importance. Hence, the present
work was aimed to screen and evaluate the efficiency
of methanol and aqueous hot extracts as antibacterial
agents from selected marine seaweeds of Rhodophyceae
and to select the most active species against the common
pathogenic bacteria.

2. Materials and methods
2.1. Collection and preparation of seaweeds

Seaweeds belongs to the family Rhodophyceae viz.
Gracilaria verrucosa (G. verrucosa) (Hudson), Hypnea

Table 1
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musciformis (H. musciformis) (Wulf) Lamour, Enatiocladia
prolifera (E. prolifera) (Grev.) falk, Gracilaria ferugosoni (G.
Jferugosoni), Gelidium spectes and G. verrucosa var. were
collected by handpicking from the rocky shores of Manapad,
Thoothukudi, Tamil Nadu, India during December 2010
to March 2011. The collected samples were cleaned well
with seawater to remove all the extraneous matter such
as epiphytes, sand particles, necrotic parts, pebbles and
shells and brought to the laboratory in sterile polythene
bags. The samples were then thoroughly washed with tap
water followed by sterile distilled water. For drying, washed
seaweeds were blotted on the blotting paper and spread out
at room temperature in shade. Shade dried samples were
cut into small pieces and powdered in a mixer grinder. The
powdered samples were then stored in refrigerator for further
use.

2.2. Extract preparation

For Soxhlet extraction, the powdered materials (5 g) were
extracted successively with 250 mL of methanol and distilled
water using Soxhlet extractor for 8 h at a temperature not
exceeding the boiling point of the solvent. The extracts
were filtered using Whattman No.1 filter paper and then
concentrated in vacuum at 40 C using Rotary evaporator.
The residues obtained were stored in a freezer —20 ‘C until
further tests.

Antibacterial activity of methanol and aqueous extracts of selected seaweeds of Rhodophyceae.

Name of the Extract Zone of inhibition in mm
pathogen
G. verrucosa H. E. G. Gelidium G.
musciformis prolifera ferugosoni Sps. Verrucosa var.

Pseudomonas ~ Methanol 8 7 7 12 - 7
aeruginosa

Aqueous 10 10 10 11 10 13
Escherichia Methanol 8 7 6 8 8 7
coli

Aqueous 8 10 8 =
Salmonella Methanol 8 8 - 7
typhi

Aqueous = = = = = =
Streptococcus ~ Methanol 7 11 7 7 8 11
aureus

Aqueous 8 = = 7 =
Staphylococcus  Methanol 8 7 - 8 11
aureus

Aqueous = = = = = =
Bacillus Methanol 7 8 7 8 10 8
subtilis

Aqueous = = = = = =
Candida Methanol 8 10 - 12 10 10
albicans

Aqueous = =
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2.3. Antibacterial assay

Antibacterial activity was carried out using paper disc
diffusion method. Seven bacterial strains were used viz.
Pseudomonas aeruginosa (P. aeruginosa), Escherichia coli
(E. coli), Salmonella typhi (S. typhi), Streptococcus aureus (S.
aureus), Staphylococcus aureus (S. aureus), Bacillus subtilis
(B. subtilis) and Candida albicans (C. albicans). Paper disc
of 6 mm in diameter was prepared from Whatman No. 1 filter
paper. The antibacterial assay using Gram +ve and Gram
—ve bacteria was carried out using the agar plate method
The bacterial strains preserved in Muller—Hinton agar
medium at 4 C were revived in Muller—Hinton broth (liquid
medium) and incubated at 37 = 1) C for overnight. The
diluted bacterial culture was placed on Muller—Hinton agar
medium and spread throughout the plate using sterile glass
‘L’ rod. The sterile filter paper disc of 6 mm diameter soaked
with the fixed volume of plant extract was inoculated placed
into 10 mL aliquot of the medium and incubated at 37 °C for
24 h. Antibacterial activity was recorded by measuring the
diameter of zone of inhibition. Chloramphenicol was used
as positive reference. Each and every test was performed in
triplicates.

3. Results

The antibacterial efficacy of the methanol and aqueous
extracts of selected seaweeds using agar disc diffusion
method is tabulated in Table 1. The results revealed that
the plant extracts showed significant antibacterial activity
with varying magnitudes. Most of the algal extracts exhibited
antibacterial activity against all the tested bacterial species.
Among the Gram +ve bacteria, S. aureus and Gram —ve
bacteria, P. aeruginosa was the most sensitive to all the
seaweed extracts. The highest antibacterial activity (13
mm) was shown by the aqueous extract of G. verrucosa
var. against P. aeruginosa and the lowest activity (6 mm)
was observed in the methanol extract of E. prolifera
against E. coli. However in most of the seaweeds, methanol
extract was found to be more effective. The microbial strains
S. typhi, S. aureus, B. subtilis and C. albicans were resistant
to the aqueous extracts of all seaweeds.

The highest antibacterial activity of G. verrucosa was
seen in the aqueous extract (10 mm) of P. aeruginosa and
the lowest activity was found in the methanol extract (7
mm) against Sireptococcus aureus and B. subtilis. In H.
musciformis, the highest antibacterial activity was observed
in the methanol extract (11 mm) of Streptococcus aureus and
the lowest activity was noticed in the methanol extract (7
mm) against P. aeruginosa, E. coli and S. aureus. The highest
antibacterial activity of E. prolifera was seen in the aqueous
extract (10 mm) of P. aeruginosa and the lowest activity
was detected in the methanol extract (6 mm) against E.
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coli. In G. ferugosoni, the highest antibacterial activity was
examined in the methanol extract (12 mm) of P. aeruginosa
and C. albicans. The lowest activity was studied in the
methanol extract (7 mm) against S. typhi and S. aureus. The
highest antibacterial activity of Gelidium species was found
in the methanol extract (11 mm) of S. aureus and the lowest
activity was observed in the methanol extract (7 mm) against
S. typhi. The uppermost antibacterial activity of G. verrucosa
var. was scrutinized in the aqueous extract (13 mm) of P.
aeruginosa and the lowest activity was seen in the methanol
extract (7 mm) against P. aeruginosa, E. coli and S. aureus.

4. Discussion

Antibacterial assay of red, brown and green algae against
the Gram +ve and Gram —ve bacteria has been established
by several scientistsl4l. The antibacterial 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. But variation in
antibacterial activity may be due to the method of extraction
and solvent used in extractionl16]. Although a variety of
solvents have been employed in screening seaweeds for
antimicrobial activity, it is still uncertain what kind of
solvent is the most effective and suitable for extraction of
seaweeds. A few workers tried using different solvents for
screening the antibacterial activity of seaweeds and made
comparisonsl17-19]. Kolanjinathan and Stellal17] indicated
that acetone was the best solution for extracting the
effective antimicrobial compounds. Cordeiro et all18] showed
successive extraction with acetone, methanol—toluene, ether
and chloroform—methanol. Kim and Leel19] used methanolic
extract to observe strong antibacterial activities. Our results
also correlate with the previous observations showing better
antibacterial activity in methanol extract.

In the disc diffusion antibacterial assay, the selected
seaweed extracts were most effective against Gram —ve
strains (P. aeruginosa and E. colt) compared to Gram +ve
strains (B. subtilis and S. aureus). These results are in
agreement with observations on antibacterial activities
of different medicinal plants as reported by previous
workers[20, 21]. The resistance of Gram —ve bacteria towards
antibacterial substances is related to the hydrophilic surface
of their outer membrane which is rich in lipopolysaccharide
molecules, presenting a barrier to the penetration of
numerous antibiotic molecules. The membrane is also
associated with the enzymes in the periplasmic space which
are capable of breaking down the molecules introduced
from outsidel22]. However, the Gram positive bacteria do not
possess such outer membrane and cell wall structures|23].

Bacterial infection causes high rate of mortality in human
population and aquaculture organismsl16l. For example,
B. cereus is responsible for causing food borne diseases(24l.
E. coli, S. aureus and P. aeruginosa cause diseases like
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mastitis, abortion and upper respiratory complications, while
S. typhi causes diarrhoea and typhoid fever. P. aeruginosa
is an important and prevalent pathogen among burned
patients capable of causing life—threatening illnessi16l. This
research finding gives further scope to screen the chemical
constituents of the extracts which will be very useful to
combat the various diseases caused by pathogenic bacteria.
Taking all the previous results together, we conclude that
both the hot extracts of seaweeds showed promising activity
against the tested pathogens. Among the marine algal
extracts tested, some appeared to be specific in their activity
against several test bacteria. This point may be important
for the development of specific antibiotics and further
work is needed to identify the principle compound which
is responsible for antibacterial activity against pathogenic
bacteria especially those causing the human diseases. Finally
we recommend that, seaweeds from the coastal areas are
potential sources of bioactive compounds and should be
investigated for natural antibiotics.
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