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ABSTRACT

Aqueousextract of seven species of marine macroal gae were screened for their antimicrobial
potency against ten pathogenic bacterial strains. Ulvafasciata, Gracilaria corticata, Sargassum
wightii and Padina tetrastromatica showed significantly higher activity against 70% of the
tested bacteria isolates. The maximum zone of inhibition wasnoted for thered algaGeorticata
against Proteus mirabilis (17mm) and brown alga P. tetrastromatica against the pathogens
Saphylococcus aureus and Vibrio harveyi (15mm). The general trend of inhibitory activity

was higher towards Gram negative bacteria.

I ntroduction

Marine organismsare source material
for structurally unique natural products with
pharmacological and biological activities
(Faulkner, 2001; Da Rocha et al., 2001;
Schwartsmann et al., 2001). Amongthemarine
organisms, the macroal gae (seaweeds) occupy
an important place as a source of biomedical
compounds (Manilal et al., 2010; Selvin and
Lipton, 2004). About 2400 natural products
have been isolated from macroa gae belonging
to the classes Rhodophyceae, Phaeophyceae
and Chlorophyceae (Faulkner, 2001). The
antimicrobial activity was regarded as an
indicator to detect the potent pharmaceutical
capacity of macroalgae for its synthesis of
bioactive secondary metabolites (Gonzalez et
al., 2001; Smit, 2004). The compoundsderived
from macroalgae are reported to have broad
range of biological activities such as

antibacterial (Chakraborty et al., 2010a; Manilal
et al., 2009; Selvin et al., 2004) anticoagulant
(Lipton and Jose, 2006; Fariaset al ., 2000) and
antifouling activity (Selvin and Lipton, 2002;
Marechal et al., 2004). Theantimicrobial agents
such as Chlorellin derivatives, acrylin acid,
halogenated aliphatic compounds, phenolic
inhibitors and more recently Guaiane
sesquiterpenesand labdane diterpernoidswere
also detected from macroalgae (Chakraborty
etal., 2010b; Especheet al., 1984).

Screening of all classes of marine
algae for their antibiotic value is recorded in
the literature by a number of scientists from
India and abroad (Kandhasamy and
Arunachalam, 2008). Efforts were made by
several researchersto bring out bioactive
substances from macroalgae. Selvi and
Selvaraj (2000) reported the antibacterial
activity of some Indian seaweeds.
Padmakumar (2002) studied the seasonal
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variations of antimicrobial activity in marine
algae from Kanyakumari coast. Vanithaet al.
(2003) indicated the antibacterial action of
seaweeds against human upper respiratory
tract pathogens. The antibacterial activity of
methanol extractsof fifty Six seaweedscollected
from South African coast, belonging to
Chlorophyceae, Phaeophyceae and
Rhodophyceae were reported by Vlachos et
al. (1999). Considering the scenario of the
availability on very few records on the
antibacterial activity of agueous extracts of
macroalgae, the present study was made to
examine the efficacy of agueous extracts of
selected marine macro algal species collected
from southwest coast of Indiaagainst clinical
and fish pathogens.

Materials and Methods
Callection of themacr oalgae

The marine macroalgae viz. Ulva
fasciata and Codium tomentosum
(Chlorophyceae), Sargassum wightii,
Dictyota dichotoma and Padina
tetrastromatica (Phaeophyceae) and
Gracilaria corticata and Hypnea musciformis
(Rhodophyceae) were collected during low tide
period from Mulloor (Kerala), Muttom and
Kanyakumari Coast (Tamil Nadu). The month
and localities of algae collected are given in
Table- 1.

Extract preparation

For assessing antibacterial activity,
50 g each of fresh macroalgal samples were
taken and washed with filtered seawater. The
epiphytes and other extraneous matter were
removed. After removing the water content,
algae samples were ground with 50 ml of
phosphate buffer pH 7in amixer grinder. The
extract wasfiltered under vacuum, quantified
and stored in refrigerated condition.

Test bacteriaand bioassay

For antibacterial assay, bacterial
cultures viz., Bacillus subtilis (MTCC 121),
Staphylococcus aureus, Streptococcus sp.,
Pesudomonas aeruginosa, Escherichia coali,
Micrococcusluteus, Proteus mirabilis, Vibrio
alginolyticus, Vibrio fischeri, Vibrio harveyi
and Klebsiella pneumoniae were used. The
axenic cultureswere obtained fromthe Institute
of Microbial Type Culturecollection (MTCC)
Chandigarh, CMFRI, Vizhinjam Research
Centreand Scudder Microbiology Laboratory,
Nagercoil. Thein vitro antibacterial activity
was determined by using the standard disc
diffusion method (Bauer et al., 1966).

Agar disc diffusion method was
followed for antibacterial susceptibility test
(CLSI, 2005). A weighed aliquot of the water
extract diluted in sterile salinewater (20ul) was
transferred to sterile 6mm Whatman No — 1

Table 1. Macroalgal speciesand their collection sites

Classes Macroalgae

Month of collection

Place of collection

Ulvafasciata
Codium tomentosum

Chlorophyceae

April, 2005
February, 2006

Mulloor Coast
Kanyakumari Coast

Phaeophyceae Sargassum wightii April, 2005 Mulloor Coast
Padina tetrastromatica October, 2006 Muttom Coast
Dictyota dichotoma February, 2006 Kanyakumari Coast

Rhodophyceae Gracilaria corticata January, 2006 Muttom Coast

Hypnea musciformis

February, 2006

Kanyakumari Coast
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filter paper disc. After air drying, thediscwas
placed on the Mueller Hinton agar (Hi Media)
plates inoculated with each of the previously
mentioned microorganisms. The disc soaked
with similar quantity of phosphate buffer was
used asthe control. After 24 h of incubation at
37°C, the inhibition zones were measured.
Duplicates of each sample were kept and the
mean of the zone of these replicates were
recorded.

Results

The aqueous extracts prepared
individually from seven different macroalgae
belonging to three classes (Chlorophyceae,
Phaeophyceae and Rhodophyceae) showed
various degrees of activity against clinical and
fish pathogenic bacteria (Table-2 to 4). The
extracts of U. fasciata (Chlorophyceae),
Gecorticata (Rhodophyceae), S. wightii and
P. tetrastromatica (Phaeophyceae) showed
higher activity against 70% of the tested
bacterial isolates. Codium tomentosum
(Chloropyceae) and H. musciformis
(Rhodophyceae) extracts showed moderate
activity while D. dichotoma extract had lesser
activity towards clinical pathogens and the
fish pathogen V. alginolyticus.

Comparison among the members of same
classand antibacterial activity

Members belonging to the same
class showed various degrees of
antibacterial activity against clinical and
fish pathogenic bacteria. Among the two
members of Chlorophyceae, extracts of Ulva
fasciata showed broad inhibitory spectrum
against clinical pathogens than Codium
tomentosum (Table-2) . However, the extract
of C. tomentosum produced maximum
inhibitory zone diameters of 10,11 and 12mm
at 0.1and 1.0% concentrations against
M.luteus, E. coli and V. fischeri . Noinhibition
could be noted for S. aureus, Streptococcus

sp. and K. pneumoniae which were inhibited
by U. fasciata of sameclass. Also the extract
of U. fasciata showed equal inhibitory action
towards Gram positive and Gram negative
bacteria. But C. tomentosum showed better
activity towards Gram negative than Gram
positive bacteria.

The members of Phaeophyceae
namely Padina tetrastromatica and
Sargassum wightii, showed higher
antibacterial activity than Dictyotadichotoma
belonging to the same class. Sargassum
wightii showed highest antibacterial activity
against clinical pathogens namely
P.aeruginosa, K. pneumoniae and E. coli
and fish pathogen V. alginolyticus. It was
more active against Gram negative than
Gram positivebacteria. It produced maximum
inhibitory zonesat 0.1 and 1.0% concentration
against those pathogens. Moderate activity
was noted against other tested bacteria.
P.tetrastromatica strongly inhibited the
growth of S aureus, P. mirabilis, P. aeruginosa,
E. coli, V. harveyi andV.fischeri (14 to15mm
diameter at 50and 100% concentrationsand
8and 10mm at 0.1 and1.0% concentrations)
respectively. The extract of D. dichotoma
showed poor activity than other two
members of the same class. It produced
maximum inhibitory zoneof 9, 10and 12 mm at
higher concentrations against pathogens
namely B. subtilis, P. mirabilis and
V.alginolyticus. Other pathogens which were
strongly inhibited by other two members of
the same class were not inhibited by
D.dichotoma. Also it had poor activity
towards Gram negative bacteria than Gram
positive bacteria.

Among the members of
Rhodophyceae, the agueous extracts of
Gceorticata showed highest antibacterial
activity than H. musciformis. Gracilaria
corticata aqueous extract strongly inhibited
the growth of Proteusmirabilis, P.aeruginosa,
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Table 2. Zone of inhibition (mm) of aqueous extract of green algae against selected bacteria

Gram+ve/ Ulva fasciata Codium tomentosum
Gram-ve

Test organisms
0.1% 1% 10% 50% 100%0.1% 1% 10% 50% 100%

Clinical pathogens

Staphylococcus aureus + 9 9 9 9 10 - - - - -
Streptococcus sp. + 9 9 10 10 10 - - - - -
Bacillussubtilis + 7 7 7 8 9 - - 8 8 9
Micrococcus luteus + 10 10 7 - - 11 9 7 7 6
Proteus mirabilis - 7 8 8 8 9 - - - 8 8
Pseudomonas aeruginosa - 8 8 10 10 11 75 8 9 10 10
Klebsiella pneumoniae - 7 9 9 9 10 - - - - -
Escherichiacoli - + + + 7 9 12 10 95 8 7

Fish pathogens

Vibriofischeri - 7 8 9 9 9 9 10 8 9 10
Vibrio alginolyticus - 8 9 9 9 9 9 85 75 7 6
Vibrio harveyi - 8 9 10 9 8 9 10 11 12 13

Table 3. Zone of inhibition (mm) of aqueous extract of brown algae against selected bacteria

) Gram+ve Sargassumwightii  Padinatetrstromatica Dictyota dichotoma
Test organisms

Cramve 0106106 1045096100% Q1% 196 10%50%100% Q1% 19 10%650%100%
Clinical pathogens
Staphylococcus aureus + - 7 7 7 8 10 11 14 14 15 S
Streptococcus sp. + - - - 7 8 - 8 - - - - -+ + o+
Bacillussubtilis + 8 9 9 9 10 - 8 9 9 10 8 8 9 10 12
Micrococcus luteus + 8 8 10 - - S -+ + o+ o+
Proteus mirabilis - - 10 8 8 7 8 8 9 10 12 - 8 9 9 10
Pseudomonas aeruginosa - 10 11 11 12 12 8 10 13 14 14 T
Klebsiella pneumoniae - 12 11 11 10 - - - - 8 8 - -+ o+ o+
Escherichia coli - 8 11 12 13 13 8 11 12 13 13 - - - - -
Fish pathogens
Vibrio fischeri - 7 9 10 - - - - - - - - - - - -
Vibrio alginolyticus - 10 9 85 8 - -7 8 9 9 - 7 9 9 10

Vibrio harveyi - 7 7 7 7 8 10 12 13 14 15 T
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Table 4. Zone of inhibition (mm) of aqueous extract of red algae against selected bacteria

Test organisms (ggrnnﬂ\;g Gracilariacorticata Hypnea musciformis
0.1% 1% 10% 50% 100% 0.1% 1% 10% 50% 100%

Clinical pathogens
Staphylococcus aureus + 9 10 10 10 11 - - - 7 10
Streptococcus sp. + 8 8 8 9 9 - - - - -
Bacillus subtilis + - - 7 8 10 - - - - -
Micrococcus luteus + 9 9 10 - - 9 10 10 11 12
Proteus mirabilis - 13 14 15 16 17 8 10 10 11 13
Pseudomonas aeruginosa - 10 10 11 11 12 9 10 10 11 12
Klebsiella pneumoniae - 8 8 10 11 12 - - - - -
Escherichiacoli - 7 8 8 9 10 - - 8 9 10
Fish pathogens
Mibrio fischeri - 7 8 10 10 10 7 7 7 8 8
Vibrio alginolyticus - 7 9 11 12 12 - - - - -
Vibrio harveyi - 7 8 10 11 11 7 7 7 7 8

- No activity; + Mild activity

K. pneumoniae and V.alginolyticus. It
produced the maximum inhibitory zone of 16
and 17mm diameter at 50 and 100%
concentration against P. mirabilis and 11 and
12mm diameter at 1.0 and10% concentrations
against S. aureus, P. aeruginosa,
K.pneumoniae and V.alginolyticus. But
aqueous extract of H. musciformis produced a
maximum inhibitory zone of 12 and 13mm
diameter at 100% concentration towards
P.aeruginosa, P. mirabils and M. luteus. It
strongly inhibited the growth of Gram
negative bacteriathan Gram positive bacteria.

Correlation between taxonomy and
antibacterial activity

Aqueous extracts of the Phaeophyceae
i.e, S wightii and P. tetrastromatica showed
the highest antibacterial activity against al the
tested pathogens. G. corticata (Rhodophycea)
also showed higher antibacterial activity as

well as produced larger inhibition zone
diameter against P. mirabilis than other
extracts. The extracts from Chlorophycean
members tested had moderate activity. The
inhibition by the extract of U. fasciata,
C.tomentosum and H. musciformis were low
compared to other members. Ulva fasciata,
Ptetrastromatica, S. wightii showed a broad
spectrum of antibacterial activity inhibiting the
growth of both Gram positive and Gram
negativetested organism (Table- 2to4). Extract
of C. tomentosumdid not exhibit antibacterial
activity against all the tested Gram positive
(no activity in S. aureus and Streptococcus
sp.) and Gram negative (no activity in
K.pneumoniae) bacteria. The extract of
D.dichotoma inhibited the growth of B. subtilis,
P. mirabilisand V. alginolyticus. It showed
the least antibacterial activity against the
tested organisms.
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Discussion

Different solvent systemswere used
earlier to extract bioactive principles from
macroalgae with concomitant changes in the
antibacterial activities (Thirupurasundari et al.,
2008). The solvents such as acetone, benzene,
butanol (Vanithaet al., 2003; Prakash et al.,
2005), ethanol (Selvi et al., 2001) wereused to
extract antimicrobial compounds from
macroalgae. The present study revealed the
effectiveness of the aqueous extract of
different macroalgae against clinical and fish
pathogens. The aqueous extracts prepared
from seven macroalgal samples showed
varying degrees of activity against tested
pathogens, including the Gram positive and
Gram negative bacteria. Among the algal
samples screened for antibacteria activity, the
agueousextract of U.fasciata (Chlorophyceae),
G corticata (Rhodophyceae), S wightii and
P.tetrastromatica (Phaeophyceae) showed
higher activity against most of the tested
organisms. Thisisin contrary to the earlier
findings of Selvi et al. (2001) wherein they
reported lowest antibacterial activity in
aqueous extract of U. fasciata and G corticata.

The results of the present study
revealed that agueous extract of H. musciformis
from lowest concentration (10%) showed
antibacterial activity against P.aeruginosa.
Veeragurunathan et al. (2008) reported highest
antibacteria activity (12mmat 75pl) of ethanolic
extract of H. musciformis against E.coli.
However, as observed by Selvi and Selvargj
(2000) ethanol extract of Hypnea sp. had no
antibacterial activity against P. aeruginosa
even at the tested higher concentration of
200ug/disc. In the present study, aqueous
extract of H. musciformis showed highest
antibacteria activity of 13 mm and 12 mm
diameter at 100% and 11 mm at 50%
concentration against P. mirabilis, M. luteus
and P. aeruginosa which isin agreement with
theearlier findingsof Joseet al. (2008). Butin

E. coli, maximum zone of 10 mm diameter was
noticed only when extract was not diluted.
These differences could be dueto the different
solubility behavior of secondary metabolites
which could be influenced by seasonal and
geographical distribution of the species as
indicated by Padmakumar (2002).

The aqueous extract of P.
tetrastromatica inhibited most of the tested
clinical and fish pathogens except M. luteus.
Kandhasamy and Arunachaam (2008) pointed
out that the methanol extract of
P.tetrastromatica inhibited the growth of
K.pneumoniae, E. aerogens, M. luteus,
Saureus, P. aeruginosa and B. subtilis except
E. coli and S faecalis. In contrary, theagueous
extract of P. tetrastromatica in the present
study inhibited the growth of E. coli
effectively. Aninhibitory zoneof 13and 14mm
diameter wasrecorded at 50% of theraw extract
against E. coli and S aureusrespectively. The
clinical pathogen P. aeruginosa responsible
for causing the nosocomial infections was
inhibited effectively by the aqueous extract of
P. tetrastromatica at all the tested
concentrations and produced the maximum
inhibitory zoneto thetune of 14mm. However,
resistance by P. aeruginosa was reported
against twenty macroalgal extractstested (Selvi
etal., 2001).

The water extract of D. dichotoma
exhibited minimum inhibition towards most of
the pathogenstested. Similar resultswerealso
reported by Selvi et al. (2001) and Salvador et
al. (2007). The aqueous extract of
D.dichotoma did not show inhibitory effect
on Streptococcus sp., S. aureus, E. coli,
P.aeruginosa, S. typhimurium and
K.pneumoniae. The maximum inhibition of
D.dichotoma was towards the Gram positive
bacteria B. subtilisin the undiluted extract as
also observed by Sdlvi et al. (2001). Theorder
Dictyotalesis known to produce biologically
active compounds such as Dictyterpenoids
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(Suzuki et al., 2002). The larger zone of
inhibition by D. dichotoma against a few
pathogenic strains of bacteria in the present
study could be attributed to the presence of
such active compounds. The separation and
further purification of such active compounds
isanecessity when considering the application
of such biologically important drugsintheera
of increased antibiotic resistance.

It could be noticed from the present
investigation that the agueous extract of S,
wightii, P. tetrastromatica and D. dichotoma
(Phaeophyceae) were more effective as an
antibacterial agent when compared to G.
corticata and H. musciformis (Rhodophyceag).
Thisisevidence from the observation that the
aqueous extracts of the brown algae
effectively inhibited most of the pathogens
with the maximum zone of 15 mm produced
againgt S aureus. Thegreater antibiotic activity
of the brown algae against pathogens was
supported by the recent findings of
Veeragurunathan and Geetha (2009). Nair
(2005) reported that both the aqueous and
ethanol extract of G corticata could not inhibit
B. subtilisand K. pneumoniae. But the present
study revealed that both these pathogenswere
inhibited by all the tested dilutions of the
aqueousextract of G corticata, with maximum
inhibitory zonein the undiluted extract.

Apart from these, the results of the
present study has brought to light that Gram
negative organisms were more susceptible to
the aqueous extract of the algae used. In
contrast, Taskin et al. (2001) and Tuney et al.
(2006) reported that Gram positive bacteria
were more effectively controlled by the extracts
of thealgae used in their study compared to
Gram negative bacteria. The more
susceptibility of aparticular group of bacteria
was due to the difference in their cell wall
structure and their composition (Paz et al.,
1995). Although the outer membrane of Gram

negative bacteria acts as a barrier to many
environmental substances including
antibiotics (Tortora et al., 2007), the higher
susceptibility noticed against thea gal extracts
gives a promising indication of developing a
potent drug from these marine natural sources
to be used in combating the infections due to
such pathogens. Though the exact reason for
the high sensitivity observedin Gram negative
strains need to be revealed through further
research work, it could be opinioned that the
compounds in macroalgae may be of
phenolic nature, which solubilized the
lipopolysaccharidelayer of itscell wall, leading
to the entry of the inhibitory molecules. The
Gram positive bacteriacharacterized by athick
peptidoglycan layer initsouter cell wall might
have resisted the entry of the inhibitory
molecules, hence attributed to the less
susceptibility.

Acknowledgements

Theauthorsarethankful to Dr. G. Syda
Rao, Director, CMFRI, Cochinfor thefacilities
and encouragement. They are a so thankful to
the Scientist-1n-Charge and members of staff
of Vizhinjam Research Centre of CMFRI for
extending help.

References

Bauer, AW.W.M., M. Kirby, J. C. Sherrisand
M. Turck 1966. Antibiotic susceptibility
testing by a standardized single disk
method. Am. J. Clin. Pathal., 45: 493-496.

Chakraborthy, K., A. P. Lipton, R. Paulrg and
K. K. Vijayan 2010a. Antibacterial
diterpernoids of Ulvafasciata Delilefrom
South-western coast of Indian Peninsula.
Food Chem., 119: 1399-1408.

Chakraborthy, K., A. P. Lipton, R. Paulrg and
R. D. Chakraborthy 2010b. Guaiane
Sesquiterpenes from seaweed Ulva
fasciata Delile and their antibacterial



Antibacterial activity of aqueous extract from sel ected macroal gae of southwest coast of India 74

properties. European J. Medicinal Chem.,
45: 2237-2244.

Clinical and Laboratory Standards Institute
(CLSI) 2005. Performance standards for
antimicrobial Disk susceptibility Tests,
Approved standard- 8" edn . (M2-A8)
Villanova, PA., CLS.

Da Rocha, A.B., R.M. Lopes and
G.Schwartsmann 2001. Natural productsin
anticancer therapy. Curr. Opin.
Pharmacol., 1: 364-369.

Espeche, M.E., E.R. Fraileand A.M.S. Mayer
1984. Screening of Argentine marine algae
for antibacterial activity. Hydrobiologia,
116/117: 525-528.

Faulkner, D. J. 2001. Marine natural products.
Nat. Prod. Rep., 18: 1-49.

Gonzalez, A.D., PGA. Basilio, A. Cabello,
J.Gorrochategul, I. Suay, F. Vicente,
E.Portillo, JD.M. Rio, R.G. Garcia and
F.Pelaez 2001. Screeningof antimicrobial
activities in red, green and brown
macroalgae from Gran canaria (Canary
Islands, Spain). Int. Microbial., 4:3:35-40.

Jose, J., A. P. Liptonand S. K. Subhash 2008.
Impact of Marine Secondary Metabolites
(MSM) from Hypnea musciformis as an
immunostimulants on Hemogram Count
and Vibrio alginolyticus infection in the
prawn, Penaeus monodon, at different
salinities. lsraeli J. Aquacult., 60(1):
65-69.

Kandhasamy, M. and K.D. Arunachalam 2008.
Evaluation of invitro antibacterial property
of seaweed of Southeast coast of India
African J. Biotech., 7(12) : 1958-1961.

Lipton, A. P. and J. Jose 2006. Anticoagulant
and immune enhancing activities of marine
macroalgae explored. Spectrum — ICAR
News. October —-December. 12(4): 8-6.

Manilal, A., S. Sujith, G S. Kiran, J. Selvin,

C.Shakir, R. Gandhimathi and A. P. Lipton
2009. Antimicrobial potential and
seasonality of red algae collected from the
Southwest coast of India tested against
shrimp, human and phytopathogens. Ann.
Microbiol., 59(2): 207-219.

Manilal, A., S. Sujith, B. Sabarathnam,
GSKiran,J Sdvin, C. ShakirandA. PLipton
2010. Bioactivity of the red alga
Asparagopsi staxiformiscollected fromthe
south-western coast of India. Brazlian J.
Oceonography, 58(2): 93-100.

Marechal J.P, Culoli G Hellioc, H.Thomas
Guyon , M.E.Callow, A.S. Clare and A.
Ortaleo Magne, 2004. Seasonal variations
inantifouling activity of crude extracts
of the brown alga Bifurcaria bifurcata
(Cystoseiraceae) against Cyprids of
Balanus amphitrite and the marine
bacteria Cobertia marina and
Pseudomonas haloplanktis. J. Exp. Mar.
Biol. Ecal., 313: 47-62.

Nair, R. T. Kalariya2005. Antibacterial activity
of some selected Indian Medical Flora
Turk. J. Biol., 29: 41-47.

Padmakumar, K. 2002. Seasonal variation of
antimicrobia activity in marine agae
from Kanyakumari coast. Seaweed Res.
Utilin., 24(1):89-95.

Paz, EA.,R.N.Lacy, M, Bakhtian 1995. The B-
Lactum antibiotics penicillin and
cephalosporin in perspective. Hodder
Strong, London. 324p.

Prakash, S., S. A. Jennathil Firthous and
B.Valentin Bhimba 2005. Biomedical
potential of seaweed against Otitismedia
infected bacterial pathogens. Seaweed
Res. Utilin., 27: 105-109.

Salvador N, A.Gomez—Garreta, L. Lavelli and
L. Ribera 2007. Antibacterial activity of
Iberian macroalgae. Sci. Mar ., 71: 101-113.



G Johnsi Christobel, A.P. Lipton, M.S Aishwarya, A.R. Sarika and A. Udayakumar 75

Schwartsmann, G, A.B. DaRocha, JGS.Berlinck
and J. Jimeno 2001. Marineorganismsasa
source of anticancer agents. Lancet
Oncal., 2: 221-225.

Selvi, M. and R. Selvarg] 2000. Antibacterial
activity of some Indian seaweeds.
Seaweed Res. Utilin,, 22 (1& 2):161-166.

Selvi, M., R. Selvaraj and Anandhi
Chidambaram 2001. Screening for
antibacterial activity of macroalgae.
Seaweed Res. Utilin., 23(1& 2): 59-63.

Selvin, J.andA. P. Lipton 2002. Development
of arapid mollusc foot adherence bioassay
for detecting potent antifouling bioactive
compounds. Curr. <., 83: 735-737.

Selvin, J.and A. P. Lipton 2004. Biopotentials
of Ulva fasciata and Hypnea musciformis
collected from the Peninsular Coast of
India. J. Mar. <ci. Tech., 12(1): 1-6.

Selvin, J, A.J. Huxley and A.P. Lipton 2004.
Immunomodulatory potential of marine
secondary metabolites against bacterial
diseases of shrimp. Aquaculture, 230:
241-248.

Senthil, A., K.R.P. Rgeshand A. Murugan 2008.
Antibacterial activity of the crude extracts
of the seaweed Padina boergesenii.
Seaweed Res. Utilin., 30 (Specid Issue):
177-182.

Smit, A.J. 2004. Medicinal and pharmaceutical
uses of seaweed natural products. A
Review. J. Appl. Phycol., 16 : 245-262.

Suzuki, M. H. Yamada and K. Kurata 2002
Dictyterpenoids A and B. two
novelditerpenoids with feeding deterrent
activity from brown alga. Dilphus
okamurae. J. Nat. Produ., 65; 121-126.

Taskin E, M. Ozturk and O. Kurt 2001.
Antibacterial activities of some marine
algaefromthe Aegean Sea(Turkey). Afr.
J. Biotechnol., 6: 2746-2751.

Thiripurasundari, B., S. Mani, M. Ganesan,
S.Thiruppathi and E. Eswaram 2008.
Antibacterial activity of extractsfrom coral
inhabitati ons seaweeds of Gulf of Munnar,
Seaweed Res. Utilin., 30 (1 & 2): 103-108.

Tortora, GJ. Funke, B.R and C.L. Case 2007.
Microbiology: An Introduction. Benjamin
Cummings. San Francisco. 88p.

Tuney, |.,B.H. Cadirci, D.Und and A. Sukatar
2006. Antimicrobia activitiesof theextracts
of marineagaefromthecoast of Urd (I1zmir,
Turkey) Brittany France. Turk. J. Biol.,
30:171-175.

VanithaJ., S. Prakash, B. Vaentin Bhimbaand
S. Lazarus 2003. Antibacterial action of
seaweed against human upper respiratory
tract pathogens. Seaweed Res. Utilin.,
25(1&2) 181-187.

Veeragurunathan, V. and T. Geetha 2009.
Screening for antimicrobial activity of
marine algae from Gulf of Mannar, Tamil
Nadu. Seaweed Res. Utilin., 31(1&2):
151-155.

Veeragurunathan, V., R. Vellaiyan, S.Siva
subramanian, G. Sadannantham and
R.Bahkyaraj 2008. Studies on the
antibacteria activity of selected seaweeds
from Gulf of Mannar. Seaweed Res. Utilin.,
30(1&2): 147-152.

Vlachos, V., A. T. Critchley and A. Von Holy
1999. Differential anti-bacterial activity of

extracts from selected southern African
macro agal thalli. Bot. Mar ., 42: 165-173.



