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The Ocean is considered as Earth's most valuable natural resources which provide various kinds
of food, medicines, minerals and oil. The marine environment also plays a crucial role in
absorbing approximately 25 percent of the CO- added to the atmosphere from human activities
each year and regulates Earth's climate. More than three billion peaple depend on marine and
coastal biodiversity for their livelihoods. Food from marine environment forms world’s largest
primary source of protein, with more than 2.6 billion people depending on it. But today, 40% of
the world oceans are heavily affected by human activities, including pollution, depleted fisheries,
and loss of coastal habitats and ultimately valuable marine biodiversity, Hence it is high time to
create awareness among the students, researchers, administrators and general public on the
importance of marine resources and sustainable utilization of it, I wish the National Seminar on
Marine Resources organized by the M.D.T Hindu College, Tirunelveli during 3 — 4 March 2016 a

grand success.
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FOREWORD
It’s with deep satisfaction that | write this foreword to the proceeding of the

“National Seminar on Marine resources” (NSMR’16). Our vast beautiful oceans and seas
have aways been an endless source of inspiration and recreation while sustaining
thelivelihoods of  millions. They provide us with numerous resources and
services of which oxygen, food, energy, transport and tourism are just a few examples. For
toolong, we have taken it al for granted and little attention has been paid to our unsustainable
use of these resources. Today the degradation caused by inefficient growth model we have
been locked into is threatening many marine ecosystems, though this may sometimes be
masked by the immensity of seaitself.

Marine Strategy Framework Directive(M SFD) of EU aims to ensure that our
seas and oceans are healthy that is in ‘Good Environmental Status’ by 2020, so they can
continue to deliver the benefits so many jobs and lives depend on. Based on this we should
also am to protect the whole of marine environment from the majestic top predators right
down to the smallest vital single cell microorganism. This could be done by reducing
pressures from human activities such as underwater noise, contamination by dangerous
substances, marine litters etc., Apart from this, care should also be taken to the sustainable
usage of marine resources for the well being of marine environment.

There is little time left to reach our goa of healthy oceans and seas. | hope this
seminar is an opportunity to assess what we have achieved so far and rekindle our efforts and
commit to combine them to save our marine resources. The high quality of papers and
discussions represent the thinking and experience of men and women with reference to
marine resources. This proceeding will furnish to scientific groups world over an excellent
reference book. | also believe that this will be an impetus to stimulate further study and
research.

Hence | wish the seminar a great success.
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FOREWORD

| am delighted to know that a National Seminar on Marine Resources is organized in the prestigious
M.D.T. Hindu College, Tirunelveli, during March 2016.

India is pifted with a great wealth of non-living and living resources. The country has a
coastline of about 8,000 km that span 13 maritime States and Union Territories, surrounded by
the Indian Ocean, Arabian 5ca and the Bay of Bengal.  The country has an Exclusive Economic
Zone of 2.02 million km’ adjoining the continental regions, offshore islands and a variety of
coastal ecosystems such as estuaries, lagoons, mangroves, backwaters, salt marshes, rocky
coasts, and caral reefs.

The country is biological diverse with record of exceeding 20,000 species due to the
habitat diversity. The country has most spectacular natural treasures; to cite a few, Inter-tidal
mudflats teeming with migratory birds in winter, dense mangrove forests inhabited by the
endangered tiger, scagrass meadows favoured by the scacow (dugong), most beautiful corals
colonized with ornamental fishes, sandy coast with the world’s largest nesting site of sea turtles,
and rough sea migrated with the largest whale shark fish.

The coastal and marine ecosystems are extremely important ecological and economic
resources, as they provide a wide range of ecosystem goods and services to the entire country.
Nearly 250 million people live within a distance of 50 km from the coast and a large proportion
of them are in urban centers such as Mumbai, Chennai and Kolkata.

The increased population pressure has led to resource depletion, and environmental
degradation due to pollution and disposal of agricultural, domestic and industrial wastes,
Additionally, climate change associated with global warming, sea level rise and intensified
cyclones is expected to have a growing impact on coastal and marine ecosystems. There is a
pressuring need for conservation of diversity in marine resources.

MWy hearty appreciations are due to Dr. V. Saravanan and $. Clango Subramanian far all their
efforts in organising the seminar.

I 'wish the seminar a grand success.

Tn T oy
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K. Kathiresan



PREFACE

Ocean covers nearly 71% of earth and hence earth is called “water planet”. It is
endowed with various ecosystem ranging from terrestrial to oceanic ecosystem including
estuaries, mangroves mudflats, sandy, rocky, and muddy shores etc., The marine
environment is so peculiar than the terrestrial environment because of several physical and
chemical properties the includes waves, tides, dissolved salts and gases and minerals.

India is bestowed with an intensive coastline of over 8129 km., 0.5million sq km of
continental shelf and 2.02million sg. km of exclusive economic zone [EEZ], with an
estimated annual marine fishery potential of 3.9 million tons. The Indian marine fisheries
sector plays a very vital role in supplying protein rich food to the exploding population and
also in employment generation and foreign exchange earnings.

The ocean that covers most of the surface of the earth is the planet’s largest factory of
organic matter. The ocean is one of the earth’s most valuable natural resources. It provides
food in the form of fish, shell fish and plants about 200 million pounds each year. The ocean
is an increasingly important source of biomedical organisms with enormous potential for
fighting diseases. Three products agar, agin and carrageenin have been extracted from
seaweeds and are used in a variety of ways. Physica marine natural resources include
products from the ocean as well as the ocean itself. Sand, gravel, salt, minerals, oil and gas
are physica products taken from the ocean. Ocean water itself is a natural resource and can
be used to make fresh water as a coolant or for the production of energy. It is used for
transportation. The ocean plays a vital role in removing carbon from the atmosphere and
providing oxygen. Both ocean and atmosphere work together to form complex weather
phenomena like the north Atlantic Oscillation and EI Nino.

The continuous exploitation of marine resources and habitat increases because of
human population explosion and its level of socio-economic development. Exploring the
marine resources at a greater level is important to understand why we must keep the ocean
healthy for future generations. We must work hard with an objective to attain sustainable use
of marine resources while preventing stock declines.

A population of environmental perturbation and anthropogenic pressures are
contributing to challenging changes in the sustainable and profitable use of marine ecosystem
services and the resources of the bountiful sea are in danger of collapse. There is an urgency
to broaden and promote stakeholders’ concerns, aspiration, knowledge and participation
realizing imperativeness of preserving this biodiversity treasure for posterity and prosperity.
Based on the above said facts this National seminar on Marine Resources (NSMR’16) may be
an eye opener for the younger generation of our Nation.

S. Elango Subramanian Dr. V. Saravanan
Associate Editor Editor & Organising Secretary
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Keynote Address

MARINE RESOURCES - SIGNIFICANCE AND CHALLENGES
A.JOHN DEBRITTO

Registrar, Manonmaniam Sundaranar University, Tirunelveli — 627 012.

Marine Resour ces of theworld: 1

The oceans cover 70% of the planet’s surface area, and marine and coasta
environments contain diverse habitats that support an abundance of marine life. Marine fish
and invertebrates are among the rich sources of wild food on the planet, providing over 2.6
billion people with at least 20% of their average per capita protein intake. Moreover, the
world's oceans host 32 of the 34 known phyla on Earth and contain somewhere between
500,000 and 10 million marine species.

Marine Biodiversity of India:

India’s coastline extends to around 8,000 km and an Exclusive Economic Zone (EEZ)

of 2.02 million sq km adjoining the continental regions and offshore islands. The wide range
of important ecosystems characterizing the coast includes estuaries, lagoons, mangroves,
backwaters, salt marshes, rocky coasts, sandy stretches, and coral reefs.
India’s total mangrove cover is approximately 700,000 hectares. There are 59 mangrove
species belonging to 41 genera and 29 families present aong the entire coast. The Indian
Ocean region harbours some of the most diverse and extensive reefs, many of which are
among the least scientifically known. The total area of cora reefsin Indiais estimated to be
2,374.9 sq km.

Marine mammals include members of five different groups categorized under
cetaceans (whales, dolphins, porpoises) and sirenians (manatees and dugongs). Of the 78
cetaceans and five sirenian species identified globally, 29 and one, respectively, exist in
India.

Marine reptiles found in coastal and marine areas of India include sea turtles,
crocodiles and sea snakes. Of the eight species of sea turtle, five are found along the Indian
coastline. Twenty-five species of sea snakes, belonging to three families and five sub-
families, have been documented in Indian waters.

Birds both feed and breed near the sea. There are two main groups of birds along the
Indian coast -- sea birds and water birds. About 177 bird species are found in the mangrove
forests of India. Kingfishers, herons, storks, sea eagles, kites, etc, are the dominant species
observed in these systems.

A total of 2,546 fish species belonging to 969 genera, 254 families and 40 orders have
been recorded so far. Indian fish populations represent 11.72% of the world’s species,
23.96% of genera, 57% of families, and 80% of orders.

Significance of Marine Resour ces:
Food

The seas and oceans contain vast natural resources that are increasingly available to
humans as technology and scientific understanding improve. Fish have historically played



highly significant roles in satisfying the protein requirements of large fractions of humanity
since the earliest periods of recorded history.

Hydrocarbons

Natural oil and gas found in rocks beneath the seabed give us the fuel we need for
cooking and heating in our homes, for power stations, motor vehicles and airplanes. Qil is
also used to make all sorts of plastic products from bottles to mobile telephones, and for
chemicals used in factories and farming. In short, our modern-day society relies heavily on a
steady supply of oil and gas, generally known as hydrocarbons or fossil fuels.

Methane hydrates

Gas hydrates are naturally occurring ice-like crystals that form at high pressure and
low temperature in marine sediments. They occur at water depths greater than 300 meters,
wherever there is sufficient methane and water in the sediments.

Biofuelsfrom marine algae
One promising source of biofuels has been identified as marine algae which could be
harvested and turned into a carbon natural fuel source.

Marine Renewable Energy

The burning of fossil fuels such as cod, oil and natural gas produces a large amount
of the carbon released into the atmosphere by man. The seas have the potential to provide a
large amount of renewable energy from three main sources:

Tidal energy
Thelarge tidal resources around the coast can be used to make el ectricity.

wind energy

The movement of air across the Earth’s source is a large source of kinetic energy,
which has been harnessed by windmills for many centuries and nowadays by modern wind
turbines. Offshore wind turbines can generate up to 25% more energy than their onshore
counterparts, since the wind blows faster over the sea than over land.

Wave energy
The large waves that are found off the coast can be used to generate electricity.

Mineralsand products

The non-living resources of the deep ocean floor are increasingly attractive for the
minera industry. The maor mineral resource potential is held in iron-manganese nodules,
cobalt-rich polymetallic crust, and polymetallic sulphides. Four elemental metals are the main
components of value in manganese nodules and cobalt crust: manganese, copper, nickel and
cobalt.
Challenges of conservation of Marine Resour ces.

Marine and coastal ecosystems are some of the most dynamic and complex systems.
Furthermore, they encompass multiple-use land, adding to their complexity.
Coastal ecosystems face several conservation and management challenges:
Habitat destruction:

The driving force behind coastal degradation has been large development and
infrastructure projects aong the coast as well as unplanned and unregulated growth in coastal
areas. Ecosystems and critical habitats that are constantly being challenged are mangrove



forests, estuaries, mud-flats, coral reefs, small island ecosystems, coastal headlands and cliffs,
coastal wetlands, sand dunes, etc.

| neffective fisheries management:
Large-scale mechanization in the fisheries sector, introduced nearly 50 years ago, has
had a huge impact on fish resources.

Over-exploitation of bio-resources:

Living bio-resources found in the coastal zone are heavily exploited, and often the
exploitation is unsustainable. This includes banned species such as sea cucumbers, molluscs
and sea horses.

Pollution:

The coastal zone receives waste generated by a number of point and non-point
sources, especially sewage, industrial effluents, sediment, and agricultural chemicals, notably
fertilizers and pesticides. These contribute to the degradation of the quality of coastal waters.

Weak implementation of laws:

Over 25 amendments were made to the Coastal Regulation Zone (CRZ) notification,
most of which have considerably undermined its efficacy resulting in threats to coastal
biodiversity and habitats.

Knowledge and awareness:

There are huge gaps in our knowledge and understanding of many aspects of marine
and coastal biodiversity such as sea grasses, coras, impacts of climate change, etc. There are
also gaps in documentation of the anthropological, socio—economic, indigenous knowledge
and practices of coastal communities. Moreover, there is no single stakeholder or platform
that provides coordination and knowledge-networking.

The way ahead
Severa urgent requirements that stem from the above-mentioned issues need to be
met to address the challenges of marine and coastal management.

References:

Cassandra De Young (Ed.), “Review of the state of world marine capture fisheries
management: Indian Ocean,” Food and Agriculture Organization of the United Nations
(FAO), 2006,

Ellen Laipson and Amit Pandya (Eds.), The Indian Ocean: Resource and Governance
Challenges (Washington, DC: Stimson, 2009); FAO, The State of World Fisheries and
Aquaculture 2012 (Rome: 2012)

UNEP, “Deep-sea biodiversity and ecosystems. A scoping report on their socio-
economy, management, and governance,” 2007, p. 36. 26 Markussen (1994), p. 33; UNEP
(2007), p. 43. 27 UNEP, 2007.

The information contained in this article has been summarized from the National
Capacity Self-Assessment Thematic Assessment Report on Biodiversity Final Report, 2007,
prepared by ATREE, UNDP and MoEF).
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1. Introduction

Ecology is often referred as the study of distribution and abundance of an organisms
or group of organisms. Field survey is essential to identify the habitats present in a study area
and to locate representative areas of each feature. Seagrass are difficult to see or identify in
turbid water. The survey data is used to ensure that al restoration and mitigation
requirements are required. Generally, the survey provides the details about the percent cover,
shoot counts, height of the leaf and species composition etc. Of these, shoot density is a key
parameter which is responsible for the meadows health (Duarte, 1989). Several factors have
affected the seagrass meadows including anthropogenic activity. For the seagrass recovery,
several monitoring and surveying strategies have been properly assessed all over the world
especialy in Portugal, Spain, Australia, the Galapagos Islands, Costa Rica, Puerto Rico and
the United States for the restoration and mitigation of seagrass |oss.

1.1. What are seagrass?

Seagrass are marine flowering plants that are capable of completing their life cycles
even when covered by saline water. Although they superficialy resemble true grasses, they
are not members of the family poaceae, but belong to related families of monocots such as
hydrocharitaceae and potamogetonaceae. Seagrass often grow in meadows that resemble
grasslands and undergo pollination when they are submerged in water. Like terrestria plants,
they undergo photosynthesis and as a result they bound in the inter-tidal zone, the near-shore
areas and shallow waters where penetration by sunlight is high.

About 60 species of seagrass have been described and they are distributed across 13
genera. Among them, six of which are found in temperate seas (Amphibolis, Heterozostera,
Phyllospadix, Posidonia, Pseudalthenia and Zostera) and the rest are tropical in nature
(Cymodocea, Enhalus, Halodule, Halophila, Syringodium, Thalassia and Thalassodentron).
The maximum diversity of seagrass speciesisin tropical and sub tropical sess.

1.2. Functions of seagrass ecosystem

Seagrass ecosystem is one of the most common and productive marine habitats which play an
important role in the overall health of coastal ecosystems (Ferguson et al., 1993). High
standing crop produces large amounts of dissolved and particulate detritus which form the
basis of important food chains both within the seagrass ecosystem and shore ward and
offshore as the materials are washed away from the seagrass. The leaves and erect shoot
surfaces are home for epibiotic organisms. This increases both primary and secondary
productivity, as well as providing a large amount of food sources for fish and invertebrates.
Because, the seagrass are rooted in their substrate and produce shoots with leaf bundles, they
stabilize their habitat. The leaves form a baffle, which slows and retards current and wave
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activity, which promotes sedimentation of particles as well as inhibiting re-suspension of
organic and inorganic materials. Seagrass creates an active environment for nutrient cycle
(Wood et al., 1969). Overal, seagrass ecosystems enhance the ecological function of coastal
zones by increasing the productivity and biomass of the region (Heck et al., 2003).

1.3. Distribution of seagrass-Global scenario

Seagrass are found along most of the coastlines of all countries except in the waters of
North Arctic circle and South Antarctic circle (Green and Short, 2003; Phillips and Durako,
2000). The distribution patterns of seagrass may change quickly due to local environmental
changes. Moreover, the shifts in species composition will likely occur rapidly in response to
global climate change. However, it is difficult to detect whether species composition shifts
are caused by climate change impacts or by other human impacts. It has been reported that,
the global seagrass coverage can presently be estimated to exceed 177,000 km? (Green and
Short, 2003). A more exact determination of the global extent of seagrass is difficult because
most seagrass meadows have not been mapped due to the cost of comprehensive mapping is
high.

The distribution of seagrass has been defined into six global bioregions (Short et al.,
2007). The tropica Indo-Pecific is the region of the highest seagrass biodiversity in the
world, with many species often found in mixed meadows that have no clear dominant
species. High species diversity is also found in the tropical Atlantic bioregion, with Thalassia
testudinum often dominating in clear waters. The three distinct temperate bioregions are: the
temperate North Atlantic, the temperate North Pacific and the temperate Southern oceans,
with the Mediterranean bioregion having both tropical and temperate species. The North
Atlantic Ocean has low seagrass diversity, with eelgrass, Zostera marina, being the dominant
species. The temperate North Pacific is aso dominated by several Zostera species as well as
Phyllospadix species in the surf zone. The Southern oceans bioregion is a circum global area
including the temperate coastlines of Australia, Africa and South America, where extensive
meadows of low to high diversity temperate seagrass species are found. The clear waters of
the Mediterranean Sea are dominated by Posidonia oceanica growing in vast meadows, but
this bioregion also supports other temperate and several tropica seagrass.

In both the Northern and Southern hemisphere, the global distribution of seagrass is
remarkably consistent, with both hemispheres containing 10 genera and only one unique
genus in each hemisphere. However, some genera have more species than others, as evident
in the multispecies genus Halophila. There are about the same number of species in tropical
and temperate bioregions. The most widely distributed seagrass is Ruppia maritima, which
occurs in both tropical and temperate bioregions and in waters from fresh to hypersaline.
Seagrass bioregions at the scale of ocean basins are identified based on species distributions
which are supported by genetic patterns of diversity. Seagrass bioregions provide a useful
framework for interpreting ecological, physiological and genetic results collected in specific
locations or from particul ar species.

Seagrass globally have five centers of high diversity all of which occur in the Eastern
hemisphere and four of which occur in the Tropical Indo Pacific bioregion; the fifth, South-
Western Australia, occurs in the adjacent Temperate Southern Oceans bioregion. The first
and largest of these, with by far the greatest number of seagrass species lies over insular
South-East Asia and extends across North tropical Australia, including the Great Barrier
Reef; all but two of the species, Z. muelleri and Z. japonica, contributing to this regions have
high diversity are tropical seagrass.
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A second, much smaller center of diversity is found in South-Eastern India,
represented by 13 all tropical species. The third center having high diversity globally, located
in Eastern Africa, Southern Japan and South-Western Australia, obtains this designation by
being located at or near a bioregional interface, encompassing both tropical and temperate
seagrass species. East Africa, with 12 species, has only one temperate species, Z. capensis,
contributing to its mix of mostly tropical species. Southern Japan aso has 12 species, with Z.
japonica the one temperate species that contributes to the diversity of this tropical region. In
the temperate Southern Oceans bioregion, South-Western Australia with 13 species has 4
tropical species contributing to its high diversity. Looking at diversity patternsin more detall
and also at the individual species ranges that underpin them (Green and Short, 2003),
seagrass bioregions are discussed from greatest to least seagrass diversity.

Seagrass continue to be the dominant biologica community in Florida Bay
approximately 97% (Durako et al., 2001). In North-Eastern Florida Bay, Thalassia was
present at 75.9% and Halodule was present at 69%. The entire South Florida coastal zone,
including the areas of West Florida Bay and within the Florida Keys Nationa Marine
Sanctuary, is dominated by seagrass habitats. Fourqurean et al. (2001) assessed seagrass
species composition and density at 1207 sites distributed across 19,402 km? of near shore
marine and estuarine environments in South Florida. Thalassia testudinum (Turtle Grass) was
the most commonly encountered species, being found at 898 sites. Halodule wrightii (Shoal
Grass) was the second most commonly encountered species, occurring at 459 sites; followed
by Syringodium filiforme (Manatee Grass, 239 sites), Halophila decipiens (Paddle Grass, 96
sites), Ruppia maritime (Widgeon Grass, 41 sites) and Halophila engelmannii (Star Grass, 28
sites) were recorded around the Florida bay.

1.4. Distribution of seagrass- Indian scenario

India has several seagrass floral diversity which consists of 15 species belonging to 7
genera and accounts for 30.61% of the total seagrass reported in the world. In India, seagrass
habitats are mainly limited to mudflats and sandy regions in the lower intertidal zone at a
depth between 10-15 m along the open shores and in the lagoons around islands (Jagtap,
1991; Ramamurthy et al., 1992). The major seagrass meadows in India occur along the
SouthEast coast particularly Gulf of Mannar, Palk Bay and Andaman and Nicobar (Bay of
Bengal) and the islands of Lakshadweep (Arabian Sea). It has been reported that, the Gulf of
Mannar and Palk Bay, the maximum extent of around 3000 ha of seagrass (Jagtap and
Inamdar, 1991). In Lakshadweep islands, there are 112 ha of seagrass has been recorded.
However, a total of 830 ha of seagrass have been covered in Andaman and Nicobar islands
(Jagtap, 1992; Das, 1996). The seagrass formations have been reported to be either in long or
broken stretches or small to large patches (Jagtap and Inamdar, 1991; Das, 1996; Jagtap,
1996).

The seagrass cover varies from different regions which can be generally identified by
using aeria photographs, ground survey and naval hydrographic charts. However, standing
crop was calculated by using biomass data with the help of either line transect or quadrat
methods. The maximum seagrass cover, abundance and species richness are generally found
in the sandy regions along the seashores and in the lagoons of islands, where salinity of
overlying water remains 33 PSU throughout the year.

1.5. Economic importance of seagrass
Seagrass meadows are the nursery grounds for many commercia fishes and
crustacean species. The juveniles come into the seagrass meadows for protection against
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predators, to feed on the epiphytes growing on seagrass plants and to feed on the organic
detrital rain that falls into the meadow from the water above. The juvenile tiger prawns
(Penaeus esculentus and P. semiscatus) and endeavour prawns (Metapenaeus ensis and M.
endeavouri) have seagrass meadows as their nursery grounds in Gulf of Carpentaria, the East
coast of Queensland (Staples et al., 1985; Poiner et al., 1987; Coles et al., 1993). Post-larvae
of both tiger and endeavour prawns settle from the water column into the shallow inshore
seagrass meadows and they move into the deeper meadows after getting the matured growth.
The juveniles of the Western rock lobster forage in seagrass meadows close to the reefs in
which they shelter (Joll and Phillips, 1984). This meadow is helpful to improve the diversity
of most of the organisms which are economically important. Seagrass meadows reduce the
speed and change the pattern of currents. This process results in depositional environments
(Fonseca, 1986).

Few larger animals possess the ability to actually digest seagrass leaves (dugong,
turtle, geese, brants and some herbivorous fish). Seagrass |eaves often harbour a multitude of
organisms such as algae and invertebrates, which serve as food for transient fish, as well as
the permanent fauna within the seagrass meadow. Moreover, adult fish migrate from adjacent
habitats, like coral reefs and mangrove areas, to the seagrass meadows at night to feed on the
rich food sources within the seagrass meadows. Many small subsistence fishing practices,
such as those practiced in Zanzibar (Tanzania), are totally depend on seagrass meadows for
their fishing grounds. The coastal populations in such areas receive most of their protein from
fishing within seagrass meadows (Torre-Castro and Ronnback, 2004).

The leaf canopy and the network of rhizome and root fix and stabilize the sediment
over which seagrass grow, and reduce the re-suspension of the sediment by currents and
waves. This role is driven by reduced water motion due to canopy friction and by the
structural frame that rhizomes and roots provide to the sediments. Sediments vegetated by
seagrass are less likely to be mobilized by waves and currents, so that seagrass can reduce the
erosion of the coastline. Detached seagrass |eaves, which are lost either at the end of their life
or earlier due to waves and storms, and their accumulation in the beaches, represent another
way by which seagrass has a role in the protection of the shoreline. Large accumulation of
leaves, such as those of Posidonia oceanica in the Mediterranean and Eelgrass in Northern
Europe, dissipate wave energy and directly protect beach sediments from the impact of
waves. Seagrass are important elements of coastal protection through the sediments being
eroded. In the Mediterranean, the particles that constitute the sediment have in many cases a
biological origin being fragments of the skeletons, shells or spines of marine animals or being
the calcareous remains of benthic algae. As seagrass harbor a large diversity of marine
organisms, the meadows can be considered a net source of new sediment. Biogenic particles
can be the main component of sediment in coastlines with no rivers or with low fluxes of
particulate matter from land to the sea. In such areas sediment produced by seagrass
meadows may contribute significantly to feed the beaches, further contributing to curb
coastal erosion (Koch et al., 2001).

Seagrass play a very important role as basic land builders and shore stabilizers,
similar to that of sand dune and mangrove vegetation. Seagrass, athough of limited direct
economic profit, have been used for various purposes in different parts of the world (Fortes,
1990). Coastal people use rhizomes of Cymodocea sp. (nicknamed as sea sugarcane) as food,
for the preparation of salad. Seagrass are also used as raw materias in paper industry and in
the production of fertilizer, fodder and feed. Most of the seagrass are used extensively as soil
fertilizer for coconut and other plantations. A variety of medicines and chemicals are also
prepared from them. Agar like substance and zosterin is extracted from Zostera sp.
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1.6. Traditional uses of seagrass

Traditionaly, seagrass have many uses (Terrados et al., 2004). Seagrass are used to
prepare the baskets, extracted for soda salt and used as minor fuel, stuffing, insulating and
packing material, fertilizers, etc. In addition to that, they have been used as a sewage filters,
coastal stabilizers, paper manufacture, fodder and compost. Further, it can be utilized for roof
covering and after removing the excess sdlts in the leaf, it can be used as house insulation.
Moreover, in the Mediterranean and in Africa, it is also used as a traditional medicine against
skin diseases (Torre-Castro and Ronnback, 2004). Seagrass seeds of several species are used
as a food source. Seagrass leaves from several species viz, Z. marina, T. ciliatum, E.
acoroides, P. oceanica, P. iwatensis and P. torreyi are gathered from the wrack line or cut
above the surface of the sediment, dried and used for thatch, anima bedding, mattress and
pillow stuffing and cordage (Coles et al., 2003). The seeds (raw) and rhizomes (ground into
flour) of E. acoroides are a'so consumed (Bandeira and Gell, 2003; Ochieng and Erftemeijer,
2003) as food. H. ovata leaves are principa ingredient in a paste used to treat various skin
ailments.

Evidence suggests that, the particular seagrass species had value even before the
development of market based economies. In the Channel 1slands of the coast of Californiain
the United States (34° N; 120° W), the coastal chumash began to fashion cordage, thatch and
footwear from the leaves of Phyllospadix torreyi (Salls, 1988; Connolly et al., 1995). Coasta
people used the thin and silicate strengthened leaves of this plant as raw materia to weave
fishing line and thatch shelters for thousands of years. While it is more difficult to
demonstrate the intrinsic value of these wild plants in agricultural and industrial societies.
There is tangible evidence that the splendour and function of seagrass species enhances both
poetry and art within these cultures (Standing et al., 1975; Whitt, 1988).

1.7. Threatsto Seagrass

The abundance of seagrass is being destroyed due to the several activities particularly
anthropogenic activity. Direct human impacts to seagrass which includes; fishing and
aguaculture, introduced exotic species, boating and anchoring, and habitat alteration viz,
dredging, reclamation and coastal construction, etc. Fishing methods such as dredging and
trawling may significantly affect seagrass by direct removal. Damage to Zostera marina by
scallop dredging reduces shoot density and plant biomass and digging for clams can aso
exert extensive damage. Many of these impacts remain un-quantified as yet and their long
term effects are poorly known. Most of the coastal waters are now being used in economic
activities such as eco-tourism, fish caging and docking area and recreation areas. The
multiple uses of these water bodies greatly receive the high pressure from the human
population. Resulting impact ranges from siltation, oil spills and pollution causing fish killing
and other environmental damage.

The exploitation of marine resources and the use of certain types of fishing gear like
bottom trawls have detrimental effects on seagrass beds. Mussel harvest in the Dutch Wadden
seais believed to be amajor factor in the loss of Z. marina and Z. noltii. Moreover, the use of
dynamite poison (Cyanide) which contribute to the rapid destruction of the seagrass habitat.
The impact of dynamite on the reproductive capacity of fish will surely lead to a decline in
fish population in a certain habitat. Likewise, the residua effects of cyanide are irreversible
or it may take several years to recover the seagrass ecosystem. In addition to that, the large
scale loss of seagrass that occurred on both sides of the North Atlantic Ocean in the early
1930s, a result of “eelgrass wasting disease” had many effects on the ecosystem (Rasmussen,
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1977). Associated with this loss were a collapse of scallop fisheries and dramatic reductions
in waterfowl populations. In addition, it resulted extinction of a marine gastropod (Carlton et
al., 1991).

Direct boat propeller damage to seagrass communities has been recorded, particularly
in the Florida Keys. Boat anchoring is one of the major problems which thrives the scars in
the seagrass beds especially, Posidonia oceanica landscapes. Return of large temperate
meadow forming seagrass to mooring scars may take decades. Boating may also be
associated with organic inputs in areas where boats do not have holding tanks. Dredging and
reclamation of marine environments, either for extraction of sediments or as part of coastal
engineering or construction, can remove seagrass. Filling of shallow coastal areas, known as
reclamation, can directly eliminate seagrass habitat and results in hardening of the shoreline,
which further eliminates productive seagrass habitat, as seen throughout Tokyo Bay. Groynes
alter sediment transport in the nearshore zone.

Dredging removes seagrass habitat as well as the underlying sediment, leaving bare
sand at greater depth, resulting in changes to the biological, chemical and physical habitat
values that seagrass support. Beach replenishment may have impact on adjacent seagrass by
delivering sediment that may shade or bury the seagrass. Beach nourishment can also impact
seagrass growing in areas where sediments are collected, often at depths < 30m.

Increased nutrient inputs, causing eutrophication is a maor component to seagrass
loss. Increased siltation of coasta waters is aso a magor human impact on seagrass
ecosystems, which derives from changes in land use leading to increased erosion rates and
silt export from watersheds. Siltation is particularly an acute problem in other regions of the
world, such as South East Asian coastal waters, which receive the highest sediment delivery
in the world as a result of high soil erosion rates derived from extensive deforestation and
other changes in land use, and may be important in European waters adjacent to deforested
watersheds.

Siltation severely have impact on seagrass meadows through increased light
attenuation and burial which leads to seagrass loss and, where less intense siltation occurs, a
decline in seagrass diversity, biomass and production. Large scale coastal engineering often
aters circulation and salinity distributions, leading to seagrass loss. Hence, seagrass
meadows, previously abundant in Dutch coastal areas, are now much reduced in surface,
partialy related to shifts of coastal waters from marine to brackish or freshwater regimes.
Pollution, other than that of nutrients and organic inputs, may be an additional source of
human impacts on seagrass ecosystems. Although, seagrass appears to be rather resistant to
pollution by organic and heavy metal contaminants. These substances may possibly harm
some components of the seagrass ecosystem, athough such responses have not been
examined to asignificant extent. Biodiversity of seagrass meadows is greater than in adjacent
un-vegetated areas and higher faunal densities are present inside the meadows. It can be used
as a shelter for most of the valuable marine resource. Keeping this view in mind, the present
study made an attempt to explore the biodiversity of aong Palk Strait coast. The surveys are
accomplished using a variety of monitoring tools including quadrats, line transects, video
transect and photo interpretation. Among them, quadrat method is widely used which is
economically feasible. This method is appropriate for estimating the abundance of plants and
other organisms and this approach allows estimation of absolute density.

Seagrass biomass is the prime factor influencing the organization of marine macro-
faunal communities (Coles, 1986). They also control the habitat complexity, species diversity
and abundance of associated invertebrates and shaping the structure of marine communities.
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Seagrass contribute significantly to the productivity of coastal areas of both temperate and
tropica waters (Phillips and McRoy, 1980). Several authors assessed the live seagrass
distribution in Gulf of mannar (Rajeshwari and Kamala, 1987; Jagtap, 1996), Andaman and
Nicobar (Jagtap, 1991) and such studies are still lacking in the Palk Strait region. Hence, the
present study made an attempt to survey the live and dead seagrass biomass along Palk Strait
coast of South India.

2.0 Materialsand Methods
2.1. Description of the survey area

The Palk Strait is situated in the Southern part of the peninsular India. The study areaviz, lies
in the Palk Strait region. The rainfall in Palk Strait region is mainly due to the North East and
South West monsoon. The present study has been surveyed along the coastline of 168Kms
long which crossed five districts namely Nagapattinam, Thiruvarur, Thanjavur, Pudukottai
and Ramanathapuram respectively.

2.3. Survey of offshore seagrass biomass

Monthly samplings were carried out from eight different stations viz., Kodiyakarai
(Lat. 10° 16 N; Long. 79° 49’ E), Mallipattinam (Lat.10°16’N; Long.79°19’E), Manora
(Lat.10°15’N; Long.79°18’E), Manamelkudi (Lat.10°02’N; Long.79°15’E), Kottaipattinam
(Lat.09°59’N; Long.79°13’E), Mimisal (Lat.09°54’N; Long.79°08’E), S.P.Pattinam
(Lat.09°51’N; Long.79°05’E) and Thondi (Lat.09°44’N; Long.79°01’E) along Palk Strait
from September-2011 to August-2012 for the assessment of seagrass biomass. For the
estimation, the seagrass were collected during the lowtide from the intertidal and subtidal
regions. About IMx1M size quadrat were placed around ten different places randomly at
each site. The quadrats were divided into 16 squares and each square consists of 0.25 m?. The
seagrass which found inside the single square were collected by hand and the substratum
should be excavated well so as to enable to collect al the underground parts. Then, they were
washed thoroughly with the seawater for the removal of debris and stored in the previously
unused polythene bags. After that, the collected seagrass were treated with 10% v/v
orthophosphoric acid to remove the epiphytes and cal careous substances. Further, they were
washed 5-10 times with tap water for the remova of acid and the moisture content was
removed using the blotting papers.

Finally, the samples were oven dried at 60°C for 48 hrs. After 48 hrs, the samples
were weighed for the estimation of total biomass. In addition that, the above ground biomass,
below ground biomass, shoot density, canopy height, above and below ratio and the
percentage of seagrass were also calculated.

(a) Above ground biomass :

Leaves, shoot and reproductive parts were considered asthe above ground biomass.
(b) Below ground biomass:
The rhizome and roots were considered as the bel ow ground biomass.

(c) Total biomass : The mean of ten quadrat samples were considered for the seagrass
biomass per square meter.

(d) Shoot density . Shoot density was determined by counting all the shoots with in the
square and the unit was expressed as shoots/m?.



(e) Canopy height  : Canopy height can also determined as, measure the longest leaves of
the necessary number of shoots using the ruler and the unit was expressed as ‘cm’.

Above ground biomass

(f) Above and below ratio : Below ground biomass

(g) Percentage of seagrass : Biomass of individual species can also be calculated by
using the following formula.

Percentage biomass Weight of the speciesindividual

of individual species = -- -- x 100
Total weight in the quadrat
2.4. Survey of onshore seagrass biomass deposition

The distribution of seagrass accumulation was also estimated along the Palk Strait.
The quadrat (IMx1M) was thrown 5 times randomly within each 50 metersinterval. Then the
samples were collected from the single square and carefully washed with seawater and
transported to the laboratory. After that, the collected samples were washed with tap water
and separated based on the morphology. Finally, the samples were dried at room temperature
to 72 hrs for the complete removal of water. The amount of seagrass accumulation was
cal culated with standard deviation and expressed as kg.dryweight/m?.

Seagrass deposition . The mean of five quadrat samples were considered for the
seagrass biomass per square meter.
3.0. Results

The above ground biomass results suggested that, the four seagrass species,
Cymodocea serrulata (166.4 + 36.72 g.dry wt/m?), Syringodium isoetifolium (84.8 + 22.46
g.dry wt/m?), Halodule pinifolia (68.8 + 13.93 g.dry wt/m? and Halophila ovalis (62.4 +
17.45 g.dry wt/m?) were exhibited maximum biomass at Mimisal, S.P. Pattinam, Manora and
Manamelkudi during the month of November-2011. However, the Cymodocea serrulata
(16.0+16.0 g.dry wt/m?), Syringodium isoetifolium (16+14.6 g.dry wt/m?), Halodule pinifolia
(11.2+2.8 g.dry wt/m?) were recorded minimum biomass during the month of May-2012 at
Manora, Mimisal and Kottaipattinam. But, the minimum biomass of Halophila ovalis
(11.2+9.9 g.dry wt/m?) was observed at Manamelkudi during the month of April and May-
2012.

The maximum (406.4 + 114.5 g.dry wt/m?) below ground biomass of Cymodocea
serrulata was recorded at Thondi during the month of December-2011 and the minimum
(33.6 + 20.63 g.dry wt/m?) was recorded during the month of April-2012 at Manora. The
maximum below ground level biomass of Syringodium isoetifolium was recorded (156.8 +
37.37 g.dry wt/m?) at Thondi during the month of December-2011 and the minimum (24 +
21.81 g.dry wt/m®) was recorded at Mimisal during the month of May-2012. The below
ground biomass of Halodule pinifolia suggested that, the maximum level (80 + 22.5 g.dry
wt/m?) was recorded during the month of November-2011 and December-2011 at
Manamelkudi and the minimum value (11.2 + 16.2 g.dry wt/m? was recorded at
K ottaipattinam during the month of April-2012. The Halophila ovalis showed maximum (80
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+ 22.9 g.dry wt/m?) and minimum (14.4 + 22.9 g.dry wt/m?) below ground biomass level in
Manamelkudi during the month of December-2011 and May-2012 respectively.

The present study also made an attempt to identify the total biomass of the various
seagrass species at selected coasta areas. Of the selected four seagrass species, the maximum
biomass were recorded with Cymodocea serrulata (571.2 + 78.94 g.dry wt/m?), Syringodium
isoetifolium (240 + 24.92 g.dry wt/m?), Halodule pinifolia (145.6 + 57.41 g.dry wt/m?) and
Halophila ovalis (142.4 + 21.83 g.dry wt/m?) respectively during the month of December-
2011 at Thondi and Manamelkudi stations. But, the minimum biomass were recorded in
Cymodocea serrulata (52.8 + 8.92 g.dry wt/m?), Syringodium isoetifolium (49.6 + 21.83
g.dry wt/m?), Halodule pinifolia (22.4 + 6.27 g.dry wt/m?) and Halophila ovalis (25.6 + 7.42
g.dry wt/m?) a Manora, Mimisal, Kottaipattinan and Manamelkudi stations respectively
during the month of May-2012. The minimum (22.4 + 6.27 g.dry wt/m?) total biomass of
Halodule pinifolia was recorded during the month of April-2012 at K ottai pattinam.

The present study also made an attempt to identify the shoot density of the
Cymodocea serrulata, Syringodium isoetifolium, Halodule pinifolia and Halophila ovalis
seagrass species at different coastal areas. Of the four different species, Cymodocea
serrulata (1068.8 + 46.09 shoots/m?), Syringodium isoetifolium (488 + 12.09 shoots/m?) and
Halophila ovalis (427.2 + 24.82 shoots/m?) showed the maximum shoot density at Thondi
and Manamelkudi during the month of December-2011. The maximum (387.2 £ 34.62
shoots/m?) level of shoot density of Halodule pinifolia was recorded at Manamelkudi during
the month of January-2012. But, the minimum shoot density was recorded in Cymodocea
serrulata (57.6 + 3.45 shootsm?), Syringodium isoetifolium (33.6 + 1.45 shootsm?) and
Halophila ovalis (56 + 3.73 shootsm?®) at Manora, Mimisal and Manamelkudi during the
month of May-2012. The minimum level (51.2 + 4.55 shoots/m?) of Halodule pinifolia was
recorded at Kottai pattinam during the month of April-2012.

The present study was also made an attempt to identify the canopy height of the
seagrass species. The canopy height of the Cymodocea serrulata suggested that, the
maximum (27.3 £ 0.89 cm) canopy height was identified at Thondi during the month of
December-2011 and minimum (10.6 £ 0.82 cm) was observed during the month of March-
2012 at Madlipattinam. The results of canopy height of the Syringodium isoetifolium
suggested that, the maximum (34.7 £ 1.94 cm) canopy height was recorded at S.P.Pattinam
during the month of October-2011, but the minimum (15.7 + 0.52 cm) canopy height was
recorded at Manamelkudi during the months of July and August-2012.

The canopy height of the Halodule pinifolia revealed that, the maximum (9.4 +
0.61cm) and minimum (2.5 £ 0.04 cm) canopy height were recorded at K ottal pattinam during
the month of December-2011 and November-2011. Similarly, the Halophila ovalis canopy
height was found maximum by 7.1 + 1.2 cm and minimum by 2.3 + 0.7 cm at Manamelkudi
during the months of March-2012 and September-2011.0f the four seagrass species, the
maximum above and below ground biomass ratio of Cymodocea serrulata (0.83+0.1) was
recorded at Manora in January-2012, the Syringodium isoetifolium (0.81 + 0.08) at
Manamelkudi during December-2011 and the Halodule pinifolia (1+£0.1) was recorded at
Kottaipattinam during April-2012 and the Halophila ovalis (0.91 £ 0.09) was recorded at
Thondi during March-2012. The percentage occurrence of Cymodocea serrulata reveaed
that, the maximum (100%) was recorded at Mallipattinam throughout the year. But, the
minimum (27.69%) was recorded at Manamelkudi during the month of September-2011.



The percentage occurrence of Syringodium isoetifolium revealed that, the maximum
(52.76%) percentage was recorded at S.P.Pattinam during the month of September-2011. But,
the minimum (15.37%) was recorded at Thondi during the month of January-2012. Similarly,
the percentage occurrence of Halodule pinifolia was found maximum (48.94%) during the
month of August-2012 at Manora. But, the minimum (9.74%) percentage occurrence was
recorded during the month of February at Thondi. The percentage occurrence of Halophila
ovalis reveaed that, the maximum (21.98%) percentage was recorded at Manamelkudi during
the month of October-2011 but the minimum (11.19%) percentage was recorded at Thondi
during the month of January-2012.

The present study also made an attempt to identify the deposition of Cymodocea
serrulata and Syringodium isoetifolium at the selected coastal areas. Of the selected different
coastal areas, the maximum deposition of Cymodocea serrulata (10.73+0.08 Kg.drywt/m?)
and Syringodium isoetifolium (7.93+0.03 K g.drywt/m?) were recorded at Thondi coastal area
during the month of May-2012. But, the minimum deposition of Cymodocea serrulata
(0.624+0.002 Kg.drywt/m?) and Syringodium isoetifolium (0.688+0.001 Kg.drywt/m?) were
recorded at Mimisal and Thondi coastal areas during the month of November-2011. In
addition, none of the coastal area showed the seagrass deposition during the month of
December-2011. But, the deposition of Syringodium isoetifolium was not recorded at
Mallipattinam and Manora coastal areas throughout the year. In addition, neither seagrass
standing crop nor deposition was recorded throughout the year in Kodiyakarai.

The result of the coastal landforms reveals that, the beach is short lined deposits of
find and medium size sands on the shore. It covers the sea shore between the high and low
water level of the tides. The sandy beaches were observed in all the study area. Sand dunes
were poorly distributed in most of the site. The sand dunes were observed in Kodiyakarai and
Mimisal. The spit growth was observed in Kottaipattinam, Manamelkudi and Mimisal. The
spit length was varied from place to place. The beach ridges were observed in Kodiyakarai.
The shallow stretch of seawater behind the barrier is called lagoon. The coastal lagoons were
observed in Manamelkudi and S.P.Pattinam. Black colour sand was deposited in the shore
line indicates the presence of heavy minerals. It was highly observed in Kodiyakarai, Mimisal
and S.P.Pattinam. Small rivers namely, Puthu aaru and Pambaru were observed in
Kodiyakarai and Mimisal respectively.

The average rainfall, wind speed and wind direction was also recorded by the present
study. The maximum rainfall (433.5 mm) was recorded during the month of November-2011
and the minimum (1.2 mm) was recorded during the month of February-2012. However, no
rainfall was recorded in January-2012 and June-2012 respectively. In addition to that, the
maximum 12/06 (KmPH/Knots) wind speed was recorded during the month of May-2012 and
the direction was Southern wind. The minimum wind speed was recorded during the month
of November-2011. The speed was 01 KmPH/00 Knots and the wind direction was North
East.

4.0 Discussion

The ocean covers more than 70% of the earth surface. The marine environment is
frequently recognized as the largest potential sources of biodiversity such as seaweeds,
seagrass, invertebrates and microbes which proved their potential in several fields. Among
the biological sources, seagrasses are one of the rich biological resources which furnish the
protection to the several marine organisms and used in many ways to human being. They also
control the habitat complexity, species diversity, abundance of associated invertebrates and
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thereby shaping the structure of marine communities. Moreover, they contribute significantly
to the coasta productivity of both temperate and tropical waters. Severa activities are
responsible for the seagrass detachment from the substratum. The accumulation of beach cast
isaresult of the interaction between dense near shore seagrass meadows and physical factors
such as; wind, tide and currents. The accumulations of beach cast create the unpleasant odour
along the coastal areas and also give the anoxic condition to the marine organisms.

The present study also made an attempt to find out the total biomass of the seagrasses
along the Palk Strait region throughout the year from September 2011-August 2012. The
maximum biomass was recorded during the month of December-2011 at Thondi and
Manamelkudi which might be due to the sedimentation pattern and environmental parameters
of the study sites. Clara et al. (2001) reported that, the higher biomass in Puerto vargas could
be attributed to the sediment structure and environmental condition. Estaction and Fortes
(1988) reported that, higher biomass are due to the presence of liquid mud. However, the total
biomass was not recorded in Kodiyakarai and this might be due to the coarse sand. This is
agreeing with the previous results of Estaction and Fortes (1988).
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Fin fishes are one among the 10-15 million species inhabiting the planet ‘earth’.
Fishes are important animal protein sources for human beings, and they are frequently used in
complementary and traditional/ aternative medicine. The delimitation and identification of
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fish species is not only of interest for taxonomy and systematic, but also a requirement in
management of fisheries, authentication of food products, and identification of bio-active
compounds. Most of us are familiar with the word barcode, a small thin and thick black stripe
with numbers below that appear on the back cover page of books or commercia products,
known as UPC label or Universal Product Code, used to scan them at the book shop or super
market to check a price or to get arebate. Imagine if the DNA of any organism is converted
into a small thin and thick stripe and made available as DNA barcode, store it as reference
library, used to match them to an unidentified DNA of organisms for species identification, to
confirm authenticity and unravel adulteration.

It has long been recognized that DNA sequence diversity can be used to discriminate
species, but different sequences have been used for different taxonomic groups and in
different research laboratories. Recently, Hebert et al (2003) proposed that a single gene
sequence would be sufficient to differentiate animal species, and recommended the use of the
mitochondrial DNA. To develop a unifying identification system for eukaryotic animal
species, an innovative universal marker has been proposed to serve as a so-called “DNA
barcode”. This DNA barcode is the sequence of the “Folmer fragment” (Folmer et al, 1994),
a polymorphic part of the mitochondrial cytochrome ¢ oxidase subunit | gene (COI) as a
globa bio identification system for animals. It is clear that the mitochondrial genome of
animals is a better target for analysis than the nuclear genome because of its lack of introns,
its limited exposure to recombination and its haploid mode of inheritance: since
mitochondrial DNA is maternally inherited (Saccone et al,1999). The 13 protein —coding
genes in the animal mitochondrial genomes are better targets because indels are rare since
most lead to a shift in the reading frame. There is no compelling a priori reason to focus
analysis on a specific gene, but the cytochrome ¢ oxidase | gene (COIl) does have two
important advantages. First, the universal primers for this gene are very robust, enabling
recovery of its 5° end from representatives of most, if not all, animal phyla (Zhang and
Hewitt, 1997). Second, COI appears to possess a greater range of phylogenetic signal than
any other mitochondrial gene. In common with other protein coding genes, its third position-
nucleotides show a high incidence of base substitutions, leading to a rate of molecular
evolution that is about three times greater than that of 12S or 16S rDNA (Knowlton and
Weigt, 1998).

DNA barcoding technology has proven to be a rapid and cost-effective method for
precise identification of biological specimens where specialist knowledge may be unavailable
(Ondrgjicka et al., 2014) and currently adopted by International Barcode of Life (iBoL).
DNA barcoding works under the principle that inter-species variations are greater than the
intra-species variations, allowing one to distinguish and authenticate the species using
nucleotide sequences. About 655 nucleotide bases of the 5* cytochrome C oxidase subunit |
gene (COI) have been accepted as a universal barcode to delineate animal life of this planet.
This technique will speed up the discovery of many species yet to be identified. Thus this
technology will provide avital innovative new tool for appreciating and managing the mother
earths immense and changing biodiversity. This genomic system of identification will
overcome the deficits of morphologica approaches to species discrimination: the bounds of
intra-specific diversity will be quantifiable, sibling species will be recognizable, taxonomic
decisions will be objective and al life stages will be identifiable. Also, the generation of COI
profiles will provide a partial solution to the problem of the thinning ranks of morphological
taxonomists by enabling a crystallization of their knowledge before they leave the field.

DNA barcoding works for al stages in the life cycle of fish and fish products, so it
will help us to identify eggs, larval fish to adults, medicinally important fish species and it
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can positively identify fishery products like fish fillets, incidence of retail substitution of fish
species, estimate the fraud prevailing on the commercia fish market, assist in managing
fisheries for long-term sustainability and improve ecosystem research and conservation.

PROSPECTS OF MOLECULAR MARKERSIN MARINE
BIODIVERSITY STUDIES

M. Nagargjan*Vandana R Prabhu and R. Kamalakkannan
Department of Genomic Science, School of Biological Sciences
Central University of Kerala, Kasaragod-671314, Kerala
Email: nagargjan@cukerala.ac.in

I ntroduction

Oceans cover nearly a major portion of earth’s surface and are very rich in terms of
biodiversity. It serves as a habitat for nearly 97% of the flora and fauna. The marine
biodiversity imparts wide range of services and resources to the humans and besides, play a
substantial role in regulation of climate as well as nutrient recycling. Ocean’s diversity is
crucia as it produces plant biomass that fulfills the food requirements of allthe lives existing
in the ocean ranging from simple planktons to large marine mammals, and on the land. The
biodiversity of oceans are enriching, as more and more new species are being discovered and
classified systematically. Selection, genetic drift, mutation etc. are the major driving forces
that lead to genetic variation among individuals resulting in speciation and higher order
taxonomic groups as a means of adaptation to a changing environment. Such variations are
best studied using molecular genetic markers.

Molecular markers are biomolecules carrying heritable traits that can be used to study
variation in organisms or population and has emerged during the last 2 decades.With the
advancement in DNA marker technology, genomics research has provided enormous number
of genetic markers such as randomly amplified polymorphic DNA (RAPD),restriction
fragment length polymorphism (RFLP), microsatellite, single nucleotide polymorphism
(SNP), amplified fragment length polymorphism (AFLP),expressed sequence tag (EST) and
other gene markers.These markers play a significant role inaquaculture investigations
unveiling the genetic variability among species (Ferguson 1998).This review article deals
with the basic principles, requirements and advantagesof the most widely used molecular
markers developed during the last two decades to assess marine diversity.

Molecular markers

Based on the evolutionary studies, molecular markers have been broadly categorized
into two classes, nuclear DNA and mtDNA markers (Park and Moran 1994). Unlike
mtDNAmarkers that shows maternal inheritance, nuclear DNA markers are biparently
inherited and RAPDs, AFLPs, microsatellites and SNPs serve as a few examples for nuclear
DNA markers. In contrast to nuclear DNA markers, mitochondrial DNA exhibits high rates
of mutation and no recombining and has unique characteristics due to maternal transmissions.
These key features make it extremely suitable for variability studies,phylogenetic
relationships, pedigree analysis etc.

Random Amplified Polymorphic DNA (RAPD)

RAPD technique was developed in 1990 (Welsh 1990; Williams etal. 1990) using
Polymerase Chain Reaction (PCR) in order to randomly amplify anonymous segments of

15


mailto:nagarajan@cukerala.ac

nuclear DNA with an identical pair of primers (8-10bp in length).It has several advantages
and has been quite widely employed in marine fisheries. The simple, rapid, cheap,
requirement of small amount of DNA, no need for molecular hybridization and most
importantly, no prior knowledge of the genetic make-up of the organism makes it useful for
variation studies (Hadrysetal. 1992).As the primers are free to bind somewhere in the
sequence, no prior knowledge is required regarding the target genome which makes the
method well liked to compare and anayze different DNA samples. The procedure
specifically depends on large, intact DNA template sequence and therefore fails to analyze
degraded DNA samples (Williams 1990). RAPD has also been employed to characterize and
trace, the evolutionary backgroundof variousmarine species. It has been used to evaluate
genetic diversity for species, subspecies and population/stock identification in brown trout
and Atlantic salmon (Eloet a. 1997), largemouth bass (Williams et al. 1998) and
Ictaluridcatfishes (Liu and Dunham 1998).

Amplified Fragment Length Polymor phism (AFLP)

AFLPs are dominant bialelic markers. Variations at many loci can be arrayed
simultaneously to detect single nucleotide variations of unknown genomic regions, in which a
given mutation may be frequently present in undetermined functional genes. PCR based
AFLP markers had been developed in the early1990s that exploits restriction endonucleases
to cleave the DNA, subsequently ligating the adaptors to the overhangs of the restriction
fragments in order to work as primer binding sites for PCR amplification. Complementary
primers to the adapter and restriction site sequence are recruited to amplify a subset of ligated
fragments. The presence of polymorphisms is detected by the presence or absence of DNA
fragments by running the samples on polyacrylamide gels (Blears et al. 1998). However, a
disadvantage is that they show a dominant mode of inheritance, which reduces their
significance in population genetic analyses of within-breed diversity and inbreeding.
Nevertheless, AFLP profiles are highly informative in assessing the relationship between
Species.

Microsatdllite

Microsatellites are one of themost prominent and versatile genetic markersthat have
greater application in the field of population genetics, evolutionary biology and conservation
biology.These co-dominant markers are highly polymorphic, and easily typed and exhibit
Mendelianpattern of inheritancemaking them reliable for studying the population genetics
and pedigree analysis and investigating variations among closely related species.In addition,
microsatellites have a wide distribution in the genome and can be efficiently identified, which
is essentia in studies about genetic variability of populations. Microsatellites have become
the marker of choice for application in fish population genetic studies (Beckmann and Soller
1990). They have multiple aleles, which are highly polymorphic among individuals. The
polymorphism obtained with microsatellite markers has provided powerful information to be
considered in the management of fish stockspopulation anaysis and biodiversity
conservation (Alam and Islam 2005).

Microsatellites are highly abundant in various eukaryotic genomes including all
aquaculture species studied to date. In most of the vertebrate genomes, microsatellites make
up a few percent of the genomes in terms of the involved base pairs, depending on the
compactness of the genomes.In fish, one microsatellite was found every 1.87kb of DNA, in
human genome, one microsatellite was found every 6 kb of DNA.The presence of high
numbers of alleles per locus, are exclusively useful in parent-offspring identification in mixed
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populations, where as the microsatellites with lower numbers of aleles are well suited for
popul ation genetics and phylogenetic analysis (Atiyatet al. 2012).

16SrRNA

The 16SrRNA marker is the important toolused to study phylogenetic and
evolutionary relationship among archaebacteria, bacteria and eukaryotic organisms.16S
rRNA gene is about 1550 bp long and contains the marine microbial genome, which carries
hypervariable region flanked by conserved regions on both sides. This repeats of conserved
and hypervariable structure in the 16 sRNA is exploited by designing primers targeting the
conserved region, which would lead to amplification of the variable region.GenBankcontains
over 20 million deposited sequences in whichmore than 90,000 consistof 16S rRNA gene.
The 16S and 23S rRNA mainly contributed to the backbone of bacterial taxonomy, especialy
for identification of non-culturable bacteria (Clarridge 2004). The variable region are species
specific, hence, determination of the variable sequence could lead to identification of the
host. The mgjor advantage of this approach includes the reduction in manual labor and cost. It
has enabled researchers to study unculturable microbial communities. In the marine
environment, 16s rRNA has been widely used for the studies of cyanobacteria (Niclas et al.
2010), marine sponges (Janine et a. 2010), marine sediments (Aravindrajaet a. 2013).

Single Nucleotide Polymor phism

Single Nucleotide Polymorphism (SNP) is defined as polymorphism caused by point
mutations, which give rise to different aleles for a particular nucleotide position in a locus.
They are more popularamong molecular markersas they presentabundantly in any organism’s
genome. Severa approaches have been used for SNP detection such SSCP anaysis, DNA
sequencing, SNP array etc.,, However DNA sequencing has been widely used for SNP
detection. SNP arrays have been used to study the population genetic structure of salmon
(Bourret et al. 2013).The population structure and history of the coral Acroporadigitifera was
anayzed using genome-wide SNP analyses (Shinzato et al. 2015).

Mitochondrial DNA markers (mtDNA)

The Mitochondrion is one of the mgor components of eukaryotic cell. It is small,
circular and double-stranded molecule, which comprises 38 genes in vertebrate species. A
direct maternal ancestor can be traced using mtDNA as its transmission is uniparental, mother
to child. The transmission occurs with very little recombination or mutation. Apart from its
application in phylogenetic studies they play akey rolein cellular respiration in all cell types.
Mitochondrial DNA is prominent and widely used tool for studying population genetic
structure and domestication history of species.The mtDNA marker is very sensitive marker
used todiscern and analyze population structure of marine species (Norman 1994). As they
show maternal inheritance they are widely and exclusively used for tracing maternal lineages
and havebeen in use over the last 25 years in population geneticsas well as evolutionary
biology.

Cytochrome oxidase ¢ subunit 1 (CO1)

Cytochrome ¢ oxidase subunit | is a mitochondrial DNA (mtDNA) encoded subunit
(MT-CO1, MT-CO2, MT-CO3) of respiratory complex 1V and is the third and final enzyme
of the electron transport chain of mitochondrial oxidative phosphorylation.The mitochondrial
cytochrome oxidase ¢ subunit 1 (COIl) gene is a remarkable marker used for population
genetics and phylogeographic analysis. DNA barcoding targeting cytochrome oxidase |
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(CQlI) geneis an efficient, less time consuming and inexpensive technique to systematize the
diversity of biological systems (Novotny 2002).

Cytochromeb gene

The control region of the mitochondrial genome is a non coding segment and is highly
variable in many vertebrate species. Due to its exceptiona variability, the control region has
often been used to measure the population divergence, gene flow,effective population size,
and population expansion in natural populations. While nuclear ribosoma rRNA gene and
complete mitochondrial DNA (mtDNA) are used to estimate the evolutionary relationships
involving ancient divergences. Mgority of research on marine species rely on cytochrome b
(1,143 bp) gene to know the phylogenetic relationships of closely related taxa but has poor
resolution at deeper nodes. The speciation pattern and evolution of traits in the ocean species
especialy baleen whale were investigated using sequences of the mitochondrial cytochrome
b gene and its control region (Gilloolyet al. 2005).

D-Loop

Mitochondrial DNA consists of a non-coding control region called D-loop due to its
role in replication and transcription of mtDNA. Mutation rate of mtDNA control region is
five to ten folds higher than that of single copy nuclear genes, which makes this region
extremely suitable for variability studies. The region is even very useful in identifying
variation among individuals of a species. Analysis of D-loop region has been proven to be
successful in unraveling the genetic diversity of marine species and its conservation
(Cecconiet al. 1995).

Application of Molecular Markers

There are many essential applications of molecular marker in marine biodiversity
studies.

1. Speciesidentification.
2. Genetic stock assessment.
3. Assessment of genetic variation and popul ation structure in natural populations.
4. Assessment of migration pattern in natural population.
5. Marker assisted selective breeding program.
6. Conservation of endangered Species.
7. Molecular phylogeny and systematic study
8. Genetic quarantine.
Conclusion

More than two third of earth is covered by ocean and assessment of marine
biodiversity is a difficult task. However, there is a tendency to exploit marine resources for
food, energy and other purposes due to the increase in global population. Therefore, thereisa
prerequisite for the assessment of marine biodiversity and prioritizing conservation strategies.
Molecular markers can play avita role in assessment and conservation of biodiversity in the
diverse marine ecosystem.
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SEAWEEDSAND THEIR USES
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I ntroduction

Plants are the primary producers for the precious life to run on earth. They are the basic
direct foods for the herbivores and indirectly to the carnivores and hence part of the
foundation of food web. Plants are mainly classified into Algae, Fungi, Bryophytes,
Pteridophytes, Gymnosperms and Angiosperms. Algae are aquatic and they grow in various
types of waters. Among the plants, algae belong to the primitive group of plants, which
evolved first in the universe. Algae can be microscopic and macroscopic respectively known
microalgae and macroalgae. Algae are present and grown both in freshwater as well as in
marine water. In the marine ecosystem, the algae are the maor primary producers.
Macroagae are bigger, having simplest structure with thallus and without true leaf and roots.
But they are having pseudo roots called as hold fast. They do photosynthesis through their
thallus. According to Thierry (1998), it is impossible to give a short definition to seaweeds
because this heterogeneous group is only a fraction of an even less natural assemblage, the
“algae”. Needless to say, the taxonomic classification of algae is still the source of constant
changes and controversies, especially recently with new information provided by molecular
techniques (Van den Hoek, et al, 1995). The recent study by John (1994), suggests that there
are around 36000 known species of algae and they represent only about 17% of the existing
species. According to Dring (1982) over 90% of the species of marine plants are algae and
roughly 50% of the global photosynthesis on the plant group is algal derived (John, 1994).
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Thus every second molecule of oxygen we inhale is produced by an alga, and every second
molecule of carbon dioxide we exhaleis reused by an aga (Melkonian, 1995).

In general benthic, macrophytic marine algae are called as seaweeds. In earlier days,
usages of these aguatic plants (Marine algae) were not studied well. Hence the name was
given to these marine plants as “Seaweeds”. Now, the utilities of the marine plants have been
studied well and we are using them (these marine plants) in our day today life in various
forms. The name “Seaweeds” is already popular among the scientists and peoples. So we are
unable to change the name “Seaweeds”. But in scientific literature, some scientist’s use the
term “Marine Plants” here and there but most use as ‘Seaweeds” remain. More than the
name, the utilization and applications of these plants are plenty. Seaweeds are naturaly
growing in seawater and their growth is greater where nutrition and sunlight are more. Earth
has more than 70% of marine water in its area. SO we can get huge quantity of seaweeds from
the sea either by natural harvest or by farming. This natural resource potential must be fully
understood and utilized appreciating its applied values of varying kinds.

In India, Bay of Bengal is known for its rich living resources, particularly the Pearl
oysters, Sea cucumbers, Chanks, Seaweeds and also Sea grasses. In the sea, plants include
phytoplankton, cyanobacteria, seaweeds and sea grasses. Among these marine plants,
seaweeds are known well for its better livelihood option provided to the coastal community.
Seaweeds are one among the renewable and economically valuable marine resources. They
come under the division “Thalophyta” of the plant Kingdom. Seaweeds are growing
abundantly in the intertidal and sub tidal regions of the sea, shallow or near shore waters of
seq, estuaries and aso in the brackish water environments. They flourish wherever rocky,
dead coral, rocks, stones, pebbles and any other suitable substrata are available for their
attachment and nutrients for growth.

Classification and Distribution of seaweeds

Seaweeds are classified based on their pigments and coloration into four groups. They
are Chlorophyceae (Green Algae, 1200 species), Phaeophyceae (Brown Algae, 2200 species),
Rhodophyceae (Red Algae, 6500 species) and Cyanophyceae (Blue Green Algae)
(Dhargalkar and Pereira, 2005). The other features used to classify them include cell wall
composition, reproductive characteristics, and chemical nature of photosynthetic products (oil
and starch). Further these four major groups of seaweeds, classified based on characteristics
such as plant structure, form and shape. Green seaweeds are most commonly found in the
shallow intertidal zone. Some common green seaweeds are Ulva (Sea lettuce), Enteromorpha
(green string lettuce), Chaetomorpha sp., Codium sp and Caulerpa sp. Brown seaweeds live
in the mid intertidal or upper subtidal zone. Some most common brown seaweeds are
Sargassum sp, Laminaria sp, Turbinaria sp and Dictyota sp. In addition to chlorophyll
pigments, red algae contain the pigments phycocyanin and phycoerythrin which give the red
colour. However, the colour of red algae variesif the red pigment phycoerythrine is destroyed
- they appear purple, brown, green and yellow. Red seaweeds grow in deep waters (Subtidal)
than other algae mainly due to the presence of accessory pigments (phycocyanin and
phycoerythrin). Some red algae also grow in the intertidal zone. Coralline algae (a group of
red algae), are pink in colour and contain deposits of megnecium and calcium carbonate in
their cell walls. These seaweeds are hard like stones, and were once thought to be animals
closely related to corals (Dawson, 1966; Levring et a., 1969; Chapman and Chapman, 1980;
Tseng 2001). The common red seaweeds are Gracilaria sp., Gelidiella sp., Eucheuma sp.,
Ceramium sp and Acanthophora sp. The blue green algae were grown in shalow water and
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were grown as colony. The most common blue green algae are Lyngbya sp, Spirulina sp and
Oscilatorai sp.

There are more than 20000 species of seaweeds worldwide (references). Half of them
are economically important and 280 are edible. Seaweeds are mainly used as an excellent
source of phycocolloids such as agar agar, alginate and carrageenan. Some others are used as
food, fodder, feed and liquid seaweed fertilizers (Bio fertilizers). Worldwide, there are 42
countries with reports of commercial seaweed activity and 221 species of seaweeds are
utilized commercialy. Of these, about 145 species are used for food and 110 species for
phycocolloid production. About 90% of seaweed production comes from culture based
practices and China holds first rank in seaweed production, with Laminaria sp. accounting
for most of its production. China is followed by North Korea, South Korea, Japan,
Philippines, Chile, Norway, Indonesia and USA (Sgjid Khan and Satam, 2003). Taiwan and
Viatmam are aso doing well in seaweed production. The world production of
commercia seaweeds has grown by 119 per cent since 1984 and presently, 221 species of
seaweeds are utilized commercially. The globa seaweed resources have been estimated at
1460 million tonnes (fresh weight) of brown algae and 261 million tonnes (fresh weight) of
red algae. The total seaweed production has been estimated to be around 1721 X 10* tonnes
(fresh weight) annually. (Michanek, 1975). World production of seaweed and other aguatic
plants were 1103595 tons and 1104948 tons in 1998 and 2007 respectively. India produced
97500 tons of seaweeds in 1997 and 40,000 tons in 2001 according to official FAO estimates
(2006). This declining trend must be looked into more seriously. Today the seaweed products
(Phycocolloids) industry has grown rapidly and is placed at 1.5 billion US$ and the demand
for seaweed and their products have been increasing, approximately at 10% per annum
(Rajasekaran et a., 2006). This rapid growth is due to the wide application of seaweeds and
their products in various industries such as food, Pharmaceuticals, textiles, paper, agriculture,
etc. The top 10 countries producing seaweeds in the world are China, Korea, Japan,
Philippines, Indonesia, Chile, Taiwan, Vietnam, Russiaand Italy.

Indian Status

Seaweeds are one of the commercialy important marine living and renewable
resources of India. In India, commercia exploitation of its species commenced since 1966
(Oza and Zaidi, 2001). At present, 1518 tons of (dry weight) red algae and 2285 tons of (dry
weight) brown algae are utilized for manufacture of agar, alginate and liquid fertilizer
(Kaiaperumal,et.al, 2004). Seaweeds grow abundantly along the coasta waters of
Tamilnadu, Gujarat, Andhra Pradesh, Orissa, West Bengal, Kerala, Maharastra, Lakshadeep
and Andaman Nicobar Islands. There are also rich seaweed beds around Mumbai, Ratnagiri,
Goa, Karwar, Vizhijzn, Pulicot and Chilka.

Among the 20,000 species of seaweeds enumerated in the world, 271 generaand 1153
species are present in India with a total standing crop of 6, 77, 309 to 6, 82, 759 tons fresh
(Subba Rao and Mantri, 2006). Commercia exploitation of 844 species commenced since
1966 (Oza and Zaidi, 2001). Kaliaperumal et al., (2004) reported that 1518 tons of (dry) red
algae and 2285 tons of (dry) brown algae are utilized for manufacture of agar, aginate and
liquid fertilizer. According to Anantharaman et al., (2006), the total potential seaweed wealth
is 8, 70,000 tons fresh, present natura collection is 22,000 tons fresh and through seaweed
cultivation is 150 tons dry. It is aclear indication that culture of seaweeds has not been given
a serious thought to supplement the natural stock and there by meeting the demands of
several industriesinvolved in this venture.
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Tamilnadu ranks first in its standing stock amoung the coastal states, including
Andaman and Nicobar islands. Utilizing the natural and suitable situation for seaweeds
culture of seaweeds must be taken in a committed manner with proper planning and excellent
execution, involving the coastal people. Gulf of Mannar Biosphere reserve is rich of
seaweeds, comprising 42 species of green algae, 31 species of brown agae, 69 species of red
algae and 5 species of blue green agae. About 17 economically important species from
agarophytes, carragenophytes, alginophytes and edible seaweeds are recorded in the area. The
total biomass of seaweed estimated in Gulf of Mannar islands, constituted 53% of seaweed
biomass of Tamilnadu coast (MSSRF proceeding, 1998). The commercialy important
seaweeds must be produced, selecting suitable methods for culture in fitting areas/ along the
coastal areas and also in the open seawater.

Uses

Seaweeds are useful as food for human, animal fodder, meal, manure, seaweed liquid
fertilizers, medicines, agar agar, agarose, alginate, carrageenan, other polysaccharides, poly
phenols and also carotenoids. The various uses of the seaweeds are explained for
understanding their values.

Asfood for Human

Seaweeds are used as human food from 600 to 800 BC. In China seaweeds were used
from prehistoric time. In China and Japan, seaweeds are used as a stable diet item for a very
long period. Fresh, dried and processed seaweeds are utilized for human consumption. Many
types of seaweeds are used as food in Japan, China, Philippines and other countries of
Indopacific regions. Seaweeds are eaten as salad, curry, soup, or jam.

“Sea vegetables”, as they are called, the seaweeds are rapidly moving from Asian
cultures, where for centuries they have been regarded as food for kings and gods. They are
also known for their natural healing (foods) and even gourmet cuisine markets of the western
world (Mendocino, 1980). Seaweeds are traditionally consumed in Asia as “sea vegetables”,
but in the western countries, they have been used as sources of gelling or thickening agents.
Western countries are only recently beginning to enjoy the taste and nutritional value of these
vegetables. Seaweeds have been a staple of the Japanese diet for centuries (Escrig and Goni
Combrodon, 1999). Seaweeds draw from the sea, the wealth of all mineral elements, macro
elements and trace elements. The mineral fraction of some seaweeds accounts for upto 36%
dry matter. Protein content in brown seaweeds is generally between 5% and 15%, where as
red and green seaweeds contain 10 to 30% of protein in their dry weight. In Palmaria
palmate (dulse), protein content is 35% and in Porphyra tenera (nori), the protein content is
47% dry matter. Among the Indian species, Ulva showed the higher range of 15 to 24 %
protein.

Red seaweeds contain algal proteins called phycobiliproteins. Recent studies showed
that phycobiliproteins have antioxidant properties which could be beneficial in the prevention
or treatment of neuro degenerative diseases caused by oxidative stress (Alzheimer’s and
Parkinson’s) as well as in the cases of gastric ulcers and cancers (Anantharaman et al., 2006).
Seaweeds also contain poly unsaturated fatty acids called Omega 3 fatty acids and omega 6
fatty acids. These fatty acids play important role in the prevention of cardio vascular diseases,
osteoarthiritis and also diabetes. Seaweeds are rich source of minerals - macro, micro and
trace - coupled with biochemical components - proteins, carbohydrates, vitamins, amino
acids, etc., (Darcy — Vrillon, 1993: Mabeau & Feurence, 1993). Mineral composition of
seaweeds is of 40% dry matter (Ortega — Cavo, Mazuelos, Hermosin, & Saiz — Jimenez,
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1993) or more than that of land plants and animal products (Ito & Hori, 1980). The ancient
tradition and everyday habit of using seaweeds as diet have made possible a large number of
epidemiological researchers showing the health benefits linked to seaweed consumption
(Higashi, Otani, & Okai, 1999; Funahashi et al., 1999; Mohamed, Hashim, & Rahman, 2012).
Currently human consumption of green algae (5 percent), brown algae (66.5 percent) and red
algae (33 percent) is high in Asiamainly in Japan, China and Korea (Dawes, 1998). Recently
other countries such as the Republic of Korea, the United States of America, South America,
Ireland, Iceland, Canada and France besides Japan, China and Korea have significantly
increased the consumption, production and marketing of seaweeds. Further the demand for
seaweed as food has now also extended to North America, South America and Europe. Edible
seaweeds have played a significant role in economy of some nations such as Japan, Korea
and China (McHugh, 2003). In world market, there are 13 agae (5 brown seaweeds, 4 red
seaweeds, 2 green seaweeds and 2 micro algae) authorized as vegetables and condiments,
although 152 seaweed species have been utilized for food preparations (Burtin, 2003). The
nutritive value of the seaweeds is mainly due to the presence of significant quantity of
protein, amino acids, minerals, lipids, vitamins, bioactive compounds, dietary fibers and
antioxidants (MacArtain, Gill, Brooks, Campbell & Rowland, 2007; Subba Rao, Ganesan &
Suresh Kumar, 2010; Mohamed et al., 2012). The nutrient content of the edible seaweeds
vary with species, geographical location (habitat), maturity, season and temperature
(environment) (Ito and Hori, 1980; Kaehler and Kennish, 1996; Fleurence, 1999 and
Fleurence, Le Coeur, Mabeau, Maurice, & Landrein, 1995).

Biochemica composition of several seaweeds like Ascophyllum nodosum, Laminaria
sp, Fucus sp, Sargassum sp, Pterocladia capillacea, Himanthalia elongata, Undaria
pinnitifida, Porphyra umbilicalis, P. vietnamensis, Palmaria palmata, Chondrus crispus,
Ulva lactuca,Ulva spp and Enteromorpha(Ulva) intestinalis, Enteromorpha spp, Gracilaria
verrucosa (McHugh, 2003; Sukran, Nurhayat, Didem, Gamze & Egemen, 2003; Subba Rao,
Mantri & Ganesan, 2007; MacArtain et a., 2007; Khairy & El-Shafay, 2013; Ganesan €t dl.,
2014) and Caulerpa recemosa, Gelidiella acerosa, Catenella repens,Acanthophora spicifera
Hypnea spp Gracilaria edulis, Gracilaria crassa and Kappaphycua alvarezii (Eswaran,
Mairh & Subba Rao, 2002; Kaiaperumal, Ramalingam, Kalimuthu & Ezhilvalavan, 2002;
Fayaz et al., 2005;Chakrabarthy & Sandra, 2008; Abhirami & Kowsalya, 2011; Baghel,
Kumari, Reddy & Jha, 2014) for their use as food supplements or ingredients have been
investigated . Recent studies on Kappaphycus alvarezii have revealed that the various solvent
extracts have exhibited antioxidant activity in linoleic acid system with ferrothiocyanate
reagent (Suresh Kumar, Ganesan & Subba Rao, 2008) and it also contains minerals Ca, Fe
and Zn in admissible limits for its use in food or food formulations (Fayas et al., 2005). The
present study was carried out to understand the chemical composition viz., protein,
carbohydrate, chlorophyll a, carotenoids, phycobiliproteins namely phycoerythrin and
phycocyanin of the cultivated Kappaphycus alvarezii (for one year from April 2012 to March
2013) and minera contents (macro - Sodium, Potassium, Calcium, Magnesium, Phosphorus,
and micro and trace — iron, copper, zinc, manganese, cobalt, boron, arsenic, cadmium, lead,
mercury, chromium, nickel and molybdenum) for October 2012 at the three different
locations (Mangadu, Munaikadu and Vedalal) of Palk Bay waters, Ramanathapuram district,
Tamilnadu, Southeast coast of India

As Fodder

In many countries, raw (fresh) seaweeds or prepared seaweeds are regularly fed to
animals like cow, goat, horses, etc. In Iceland, fresh seaweeds are commonly used as food
for sheep, cattle, hen and horses. In certain animals the seaweed forms aimost their only food,
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though it is sometimes given along with hay. Basal or youngest parts of the fronds of
Laminaria saccharina are preferred by the horses. In Norway, Iceland and Europe, seaweeds
are fed regularly to the sheep. Pelvetia sp, Rhodymenia palmate, Alaria sp, Fucus sp,
Chondra filus, Ascophyllum sp, Macrocystis sp, Palmaria sp and Laminaria sp are the major
genera of seaweeds used as fodder in various countries (Boney, 1965). Seaweeds are rich in
protein (20 — 25%), Carbohydrates (50 — 70%), Vitamins, minerals and useful in certain
medicinal applications. When used in animal feed, cows have produced more milk and
chicken eggs have became better pigmented. Horse and other pet animals became healthier
(White and Keleshian, 1994). Tocopheral and Vitamin E in seaweeds increased the fertility
rate and birth rate of animals, when used as fooder. Milk production and fat content have
been found to increase by using seaweeds as part of the diet. Feeds supplemented with
seaweeds and Spirulina to layer chicks (White Leghorn) increased the no. of eggs, their size
and colour of the yolk (Chaturvedi et a., 1985). In Japan, Germany, UK and Norway, feeding
trials were reviewed in farm animals with possibility of seaweeds as supplementary animal
feed by Dave et a.1977. Cattle fed with Laminaria sp based diet have gained more natura
resistance to diseases such as foot and mouth.

Ulva lactuca, Enteromorpha compressa, Padina pavonica and Laurencia obtusa are
potential sources of dietary protein and lipid for fishes (Wahbeh, 1997). Kappaphycus
alvarezii and Gracilaria heterocladia in dry ground form diets, showed best FCR and highest
survival rate in Penaeus monodon. The rare breed of primitive sheep on North Ronadsay,
Orkney (Schotland) survives under extreme conditions on the beach shore of North
Ronaldsay with seaweed as virtually their sole feed source (Kaladharan, 2006). Seaweed
treated pasture forages have increased immunity in pigs and chicks (Beas et al., 1988).

Seaweed based feeds are commercialized and popular. They are

1. Tasco 14 — afeed derived from Ascophyllum nodusum, benefits overall immunity
of cattle.

2. Acadian — a kelp meal marketed by Mangrove Holsteins Limited proved to boost
the immune system.

3. Pedigree — a carrageenan based dog feed marketed by MARS Company. Severa
other seaweed supplemented animal feeds such as Shrimp/ fish feed, Poultry feed, cattle feed
and Holothurian feed are also used in various countries.

AsMedicine

Seaweeds were considered to be of medicinal value in the orient as early as 3000 B.C.
The Chinese and Japanese used them in the treatment of goiter and other glandular diseases.
Romanians used the seaweeds for healing the wounds, burns and rashes. The British used
Porphyra to prevent scurvy (Vitamin C deficiency diseases) during long voyages. Coralline
officinalis, Hypnea musciformis and Alsidium helminthocorton are employed as vermifuges.
Chondrus sp., Gracilaria sp., Gelidium sp., and Pterocladia sp. have been used to treat
various stomach and intestinal disorders and they have also helped to relieve from
constipation and other discomforts. Laminaria is used as a pain killer and also to distend the
uterus. Some species of Sargassum are used for cooling and blood cleaning. Sarconema can
be used for controlling the goiter, a disease caused by the enlargement of Thyroid gland.
Gelidiella cartilagineum has been found to be against influenza B and mumps viruses.
Schizymenia pacifica contained a sulfated polysaccharide in the r carrageenan family, which
selectively inhibited HIV reverse transcriptase (Anantharaman et al., 2006). Seaweeds in
general are used as verimifuge, for cough, stomach and chest ailments, bladder and kidney
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ailments and also as Antiscorbutic. In 1965, Boney screened the seaweeds for the medicinad
applications and their uses are reported

Antitumor activity was studied in Porphyra telfairiae and positive results are noted.
Still more works are going on in antitumor activity with seaweeds in various countries.
Sulfated polysaccharies such as Fucans, Xylons, etc. have several biologica activities.
Antibacterial activity was studied in several seaweeds and positive results are obtained in
Gracilaria cornea, Laurencia intricata, Laurencia obtusa and Laurencia papillosa. The
extracts of Liagora farinose, Dasycladus vermicularis and Lobophora variegate have the
highest inhibition zones and a wide spectrum of antibacterial activity (Anantharaman et al.,
2006). Anticoagulant substances are isolated from Codium pugniformis and Codium sp
(Shanmugam et al., 2001). Antivira activity has also been studied in various seaweeds such
as Padina sps, Dictyota sp, etc., many positive results were obtained and more work in this
direction is going on. Immunomodulating activity was well studied in seaweeds. Hizikia
fusiformis and Meristotheca populosa markedly stimulated human lymphocytes to proliferate
and Eucheuma muricatum and Meristotheca papulosa weakly stimulated proliferation.

Studies on isolation of immunosuppressive activity from seaweeds were made on
various seaweeds. Similarly studies on anti ulcer substances from seaweeds are going on in
several countries. In Porphyra tenerakjellman anti microbial activities of antiulcer substance
were studied and positive results have been obtained. Phycocolloids such as Agar, Alginate
and Carrageenan, derived from seaweeds are used in large quantities in the medical field.
Alginates are used in surgical dressing. Alginate also improves wound healings. Alginate is
also used in antacid formulations where the aginate gel prevents reflex of stomach acids and
prevents heart burn. Agar and Carrageenan are used in various applications like
pharmaceutical applications, food applications, textile applications, etc.,

Phycocolloids

The cell wall of several seaweeds contain very interesting group of complex
polysaccharides called phycocolloids. The complex phycocolloids are of innumerable
structural possibilities. Phycocolloids from various species have their specific applications.
Among the various phycocolloids, three of them, namely Agar, Algin and Carrageenan are
most important. International demands for these products are increasing day by day, because
of new findings of the products and their applications and quantity of usages.

Agar Agar

Agar Agar is an important phycocolloid derived from red seaweeds. Nowadays,
Gelidium sp, Gracilaria sp., Pterocladia capillaca, Pterocladia lucida, Gelidiella sp,
Ahenpeltia plicata, Acanthopheltis japonica, Ceramium hypnoides and Ceramium boydenii
are used for agar production globaly in the industry. In India, Gelidiella acerosa and
Gracilaria sp, are used for agar production. Agar gels are stronger and resistant at low
concentrations (1 to 1.5%) with only water. It withstands even above 100° C (Good
sterilization) and can be used in wide range of pH (5 to 8). Agar gels can be repeatedly gelled
(Excellent reversibility) and melted without losing its property. The agar gels are superior to
alginate because agar gels are stable, not causing precipitation in the presence of cations as
happens in alginates with calcium. FAO/ WHO codex alluminates permits the use of agar as
human food industry and it aso accepted and authorized in countries such as United
Kingdom, Germany, Russia, France, Poland, etc., Food and Drug Administration (FDA) of
United States (US) assigns agar as a grading of Generally Recognized as safe (GRAYS) (
Anantharaman et al., 2006).
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Agar is used in various applications in food industries. The following applications are
very important. 1. Used in Confectionaries. 2. Used as thickening agents. 3. Agar gel cubesin
fruit salad. 4. Used in Bakery 5. Fruit Jelly. 6. Applications in Yogurt. 7. Used in Meat
industry. 8. Used in canned products. 9. Liquor industry to increase viscosity. 10. High
concentration of agars also used in Sculpture, Archeological and dental impression moulds.

Alginate

It is yet another most important polysaccharide extracted from brown seaweeds such
as Sargassum sp and Turbinaria sp in India. Algin yielding seaweeds include Sargassum,
Turbinaria, Dictyota, Padina, Cystoseira, Hormophysa, Colpomenia, Spatoglossum and
Stoecospermum, occurring in the Indian waters. Among these seaweeds Sargassum and
Turbinaria are utilized as raw materia for the manufacture of alginate in India. The alginate
from these species has comparatively low viscosity. The structure of alginates from
Sargassum and Turbinaria indicate that they can be very useful in applications required for
the formation of strong gels. The most important algin yielding seaweeds are Laminaria,
Macrocystis and Ascophyllum. Laminaria is very common and popular in Japan and Korea.
In China, Laminaria is cultivated and produced more. In Scotland, Norway and France,
Laminaria is collected from the natural stock. In Chile and Australia, Durvillea lessonia and
Ecklonia are collected and exported to US and UK alginate industries. The polyelectrolytic
property and the viscosity of alginates make them more suitable as an excellent stabilizing
agent in the food industry. The Alginate (Propylene glycol aginate) has been approved as a
food additive for use as emulsifier, stabilizer or thickner in USA. The Joint Expert committee
of Food additives of the food and Agricultural organization of UN/ World Health
Organization (WHO) has issued specifications for alginates and recommended an acceptable
daily intake of 50mg/ kg body weight for aginic acid and 25mg/ kg body weight for
propylene glycol alginate.

Alginate is used in severa ways as follows. 1. Stabilizing and emulsifying agent. 2.
Gelling agent. 3. Asafilm forming — binding — glazing agent. 4. Medicinal applications. 5. In
Textile products. 6. Bio Engineer. 7. Food products. 8. Dairy products. 9. Paper products. 10.
Rubber products. etc.,

Carrageenan

Carrageenans are complex sulphated polysaccharides. They are commercialy
important hydrocolloids, derived from various red seaweeds. The name carrageenan derived
from a small coastal town in Ireland, where commercial harvests of Chondrus crispus (Irish
moss) were made in 19" century. Carrageenans are divided into four types based on their
properties; they are Kappa, lota, Beta and Lambda. Kappa carrageenan is extracted from
Kappaphycus alvarezii (cottonii of the trade). lota carrageenan is extracted from Eucheuma
deticulatum (Spinosum of the trade), Beta carrageenan is extracted from Betaphycus
gelatinae (Gelatinae of the trade) and lambda carrageenan is be extracted from Acanthophora
spicifera. The carrageenan industry depends on the major source of carrageenan from
Kappaphlycus alvlarezii and Eucheuma spinosum. Kappaphycus alvarezii yields kappa
carrageenan and Eucheuma spinosum yields iota carrageenan. Carrageenan yielding seaweeds
include Chondrus, Gigartina, Iridaea, Eucheuma, and Hypnea, Carrageenan makes use of
their both hydrophilic and anionic range of addressing properties. Anionic property of
carrageenan is influencing the hydrophilic nature. Carrageenan applications are increasing
day by day due to its wide properties. More than 250 applications were identified for
carragenan in different fields such as food products and processing, pharmaceutical industry,
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cosmetics, coating paints and inks and other products and processes. Carrageenan is listed by
the US Food and Drug Administration (FDA) as generally recognized as Safe (GRAS) (US
food and Drug Administration, 1979). Carrageenan was defined as having a viscosity of not
less than 5mpas at 1.5% concentration and 75A°C (US Food and Nutrition Board, 1981) had
been demonstrated to be safe. Eppley institute of Cancer Research demonstrated that
carrageenans are not carcinogenic and carrageenans have been shown not to be teratogenic
(Collins, Black and Prew, 1977, 1977, 1979).

AsManure

Seaweeds have been initially connected directly or indirectly with human beings as a
source of food, fodder and manure from time immemorial (600BC) especialy in densely
populated countries. They are rich of micro and macro nutrients as well as growth hormones,
which are essential for major agricultura crops (Thivy, 1961). So seaweeds can also be used
as manure. The value of seaweeds as an agricultural fertilizer has been demonstrated,
especially by coastal farmers with ready access to seaweeds (Booth, 1965). The first
reference to such use appears in Roman writings from the second century AD. The potentia
of seaweeds is known not only for the macro nutrients such as Nitrogen, Phosphorus,
Potassium, Calcium, Magnesium and Sulphur but also for its trace elements and plant growth
regulators namely Auxin, Gibberellins and Cytokinins (Rengasamy, 2004). The seaweeds are
used as hio- fertilizers because of their benefits as soil conditioners, fertilizers and green
manure. The presence of high amount of potassium salts, micronutrients and growth
substances add manurial value of the seaweeds.

In the world, brown seaweeds such as Alaria, Ascophyllum, Durviellea, Ecklonia,
Fucus, Laminaria and Macrocystis, red seaweeds such as Lithothamnion and green seaweeds
such as Ulva lactuca and Enteromorpha intestinalis have been used for their fertilizer value
for wide variety of higher plants. In the recent years, liquid extracts of brown algae have
appeared on the market. Two well known brands are ‘Maxi crop’ (A alkaline hydrolysis
mainly from Fucoides produces) and ‘Alginure’ (produced from seaweeds).

Seaweed fertilizers are now commercialy available in several trade names such as
Algit, Algifert, Algigert 25, Cytex, Goemar GA 14, Kelpak 66, Maxicorp, Maxicorp original,
Maxicorp trible, Seaspray, Seasol, SM 3, GYFA 17 and seacrop, etc., in different countries.
In India, the use of seaweed as manure for the growth and better yield of vegetables and crops
was first reported by the Centra Marine Fisheries Research Institute (CMFRI) in 1960.
CMFRI and Central Salt and Marine Chemical Research Institute (CSMCRI) scientists have
done lot of work on biofertilizers from Indian seaweeds. Major genera of fertilizer seaweeds
have been identified and tabulated (Boney, 1965). They include brown seaweeds such as
Ascophyllum, Macrocystis, Laminaria, Ecklonia, Durvillaea, Cabophyllum, Himanthalia,
Sargassum and Turbinaria as well as red Seaweeds namely Pachymenia, Lithothamnion,
Phymatolithon, etc.,

Seaweed fertilizers were found to be superior to chemical fertilizers because of the
high level of organic matter, which aids in retaining moisture and minerals in the upper soil
level available to the roots (Walen Kemp, 1955). Seaweed fertilizers in various
concentrations from various seaweeds on various crops have been studied. The results have
shown advantages of increased yields. In Bhendi yield increased when applied with Hypnea
compost with cowdung and ash (Thivy, 1958 & 1960). Seaweeds directly used as fertilizer on
coconut, pams and coco plants have resulted in better yields (Richardson, 1958). Seaweed
extracts have been used in sweet corn, tomato, okra and sweet potato (Aitken and Senn,
1964), peanuts and sweet potatoes (Tseng, 1973), green chilies and turnip (Dhargalkar and
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Untawale, 1980). Recently, severa studies have been made on Kappaphycus seaweed extract
by scientists of Central Salt and Marine Chemical Research Institute (CSMCRI) on various
crops of commercial value. They have got international patent in recognition of the work
done by them. Patent entitled "Integrated method for production of carrageenan and liquid
fertilizer from fresh seaweeds'. Karuppanan Eswaran, Pushpito Kumar Ghosh, Arup
Kumar Siddhanta, Jinalal Shambhubhai Patolia, Chellaiah Periyasamy, Aditya Shantibhai
Mehta, Kalpana Haresh Mody, Bharatkumar Kalidas Ramavat, Kamalesh Prasad, Mahesh
Rameshchandra Rajyaguru, Singaram Kulandaivel Chennur Radhakrishna Reddy, Jayant
Batukrai Pandya and Akhilesh Tewari are the group of scientists, whose research work
resulted in the production of the much needed biofertilizer.

Now various seaweed biofertilizers are in the market such as Aqua Sap from
Kappaphycus alvarezii (Aquagri processing private Limited, New Delhi), Organic 6 from
Sargassum sp (SNAP Alginate, Ranipet), PHYCOLINN from Sargassum, Turbinaria and
Kappaphycus (Linn Plantae Private limited, Madurai), etc., There is an urgent need to
provide organic foods all kinds of farming systems, keeping in mind the health of the
consumers. Also, the soil hedth and water quality are to be protected. Compared to the
chemical fertilizers and their ill impacts, the diversified benefits of biofertilizers are great and
hence, greater awareness must be made among the farmers to use biofertilizers for better
food, soil health and preservation of water quality. More than the farmers, the decision
makers of the country and those planning and implementing stages must understand the
values of seaweeds, needs of seaweed biofertilizers, including their special benefits and
merits and put the end to chemical fertilizers, supporting biofertilizers, and establishment of
biofertilizer plants.

In India

Of the 2.02 million km? of Exclusive Economic Zone (EEZ) of India, seaweed can be
farmed in 200,000 hectares or 0.001% of the EEZ area (Krishnamurthy, 2005). The rocky
beaches, mudflats, estuaries and lagoons alone of the coasts offer ideal habitats for seaweed
farming. The coast is characterized by narrow inter-tidal regions and mixed tides. The area
presently under farming is not encouraging. This scenario must be changed to harvest the
benefits of seaweeds by farming in the natural systems. With a view to develop suitable
technology on commercia scale cultivation for augmenting supply of raw material to agar
industries, CMFRI and CMCRI and related organizations since 1964, have attempted
experimental cultivation of agar yielding seaweeds Gelidiella and Gracilaria and aso
carrageenophytes and edible seaweeds such as Hypnea, Sargassum, Turbinaria, Cystoseira,
Hormophysa, Caulerpa, Ulva, Enteromorpha and Acanthophora in different field
environments using various culture techniques (Kaliaperumal, 2004). These experiments
revealed that Gelidiella acerosa can be successfully cultivated on dead coral stones and
Gracilaria edulis, Hypnea musciformis, Acanthophora and Entreromor phia flexuosa on long
line ropes and nets. Commercial cultivation of Kappaphycus alvarezi cultivation is going on
successfully in the coastal waters of Tamilnadu, Gujarath and Andhra Pradesh (Subba Rao et
a., 2008; Periyasamy et a, 2014, 2015 & 2016). Seaweeds have wide range of potentials and
have multi applications but the commercia productsin India are very few. So work hasto be
needed for the introduction of useful products is the need of the hour. To meet the need for
the production of the raw materias, selected potential species must be cultured more and
India should atleast play its rational role seasonally well to protect the environment and aso
to improve the socio economic conditions of the coastal areas.
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India (08°04’ 37°06° N and 68%07’ 97°25" E), a tropical South Asian country has a
stretch of about 7516 Km coastline, excluding its island territories with 2 million Km?
Exclusive Economic Zone (EEZ) and with nine maritime states viz., Gujarat, Maharashtra,
Goa, Karnataka and Kerala on the west and Tamilnadu, Andhra Pradesh, Odhissa, and West
Bengal on the east (Subba Rao, 2000).

Seaweeds otherwise known as Marine algae are primitive and non - flowering large
benthic multicellular, macrothallic forms and differentiated from most algae that are of
microscopic (Smith, 1944). They inhabit in the intertidal and sub-tidal regions of seas and
oceans that occupy seventy one percent (71%) of the globe. Moreover the seas and oceans
form the large ecosystem sustaining in the world marine environment. Seaweed ecosystem is
one of the three important components of the marine ecosystem, the other two being coral
reef ecosystem and sea grass ecosystem (Subba Rao, 2012). Seaweeds have been used for
food, feed and fodder, besides a source of phytochemicals, viz;, agar, alginate and carrageenan
(Chapman and Chapman, 1980; Levring et al. 1969). They aso form an important renewable
resource in the marine environment and have been a part of human civilization from time
immemoria. Reports on the uses of seaweeds have been cited as early as 2500 years ago in
Chinese literature (Tseng 2004).

Seaweed flora of India is highly diversified and comprises mostly of tropical
species, but boreal, temperate and subtropical elements have also been reported. Prof. M.O.P.
lyengar (1927) was the first Indian algologist who gave a detailed descriptive account of
Indian marine algae occurring on the southeast coast, especialy at Kurusadai Island and heis
the “Father of Indian Algology / Phycology” However Bgrgesan (1933, 1934, 1935, 1937 &
1938) contributed much to the taxonomic account on Indian marine algae. The coasts of
Tamilnadu and Gujarat represent very high seaweed diversity and considered to be seaweed
hot spots (Subba Rao, 2007). Indiais one of the 12 mega biodiversity countries of the world
and accounts for 7.8% of the recorded species of the World with only 2.5% of the land area
(Subba Rao, 2012). In all 1153 species of seaweeds, including forms and varieties have been
reported from Indian waters (Subba Rao and Mantri, 2006) and forms only 12.81% of 9000
species reported in the World (Khan et al. 2009). The total seaweed collections during 1978
to 2003 varied from 1173 to 6417 tons (dry). Agarophytes (Gelidiella acerosa, Gracilaria
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edulis, G. crassa, G. folifera and G.verrucosa) varied from 240 to 1518 tons (dry) and
alginophytes (species of Sargassum and Turbinaria) from 651 to 5534 tons (dry)
(Kadiaperumal and Kalimuthtu, 1997 and Kaligperumal et al. 2004 ).Indian seaweed
resources are estimated to be 6.77 to 6.83 lakh tons(dry) till 2002-2003 (Subba Rao and
Mantri, 2006) and forms 3.4% of world seaweed resources 20,05,459 tons (dry wt.) recorded
during 1994—1995 (Zemke — White and Ohno, 1999). Of the 221 species of seaweeds
utilized commercialy in the world, 145 species are used for food and 110 species for
phycocolloid production (agar, algin and carrageenan). In order to meet the demand both for
food and phycocolloid production eight seaweeds viz; Laminaria, Undaria, Porphyra,
Gracilaria, Eucheuma, Kappaphycus, Monostroma, and Enteromorpha have been widey
cultivated in the worldwide in 47 countries (Zemke-White and Ohno, 1999) and major red
seaweeds cultivated included Kappaphycus and Eucheuma for carrageenan, Gracilaria for
agar and Porphyra for human consumption (FAO, 2013) In all 30 countries have introduced
carrageenan farming seaweeds (Eucheuma, Kappaphycus, Chondrus, Sarcothalia ,and
Griffithsia) to evaluate their potentia biomass production (Neish, 2003). However, warm
water Eucheuma seaweeds viz, Kappaphycus alvarezii, and Eucheuma denticulatum, have
been cultivated substantially and commercialy (FAO, 2013). Kappaphycus alvarezii alone
has been introduced in 26 countries (Mandal et al. 2010) and 183000 tons (dry) in the world
are produced through aquaculture (Bixler and Porse, 2011), while 4210 tons (wet) are
obtained in Indiatill 2010 (Krishnan and Narayanakumar, 2010) .In India seaweed cultivation
has been initiated by Centra Salt and Marine Chemical Research Institute, Bhavnagar, a
National Laboratory of Council of Scientific and Industrial Research, New Delhi. Viable
cultivation technologies have been developed for the agarophytes Gelidiella acerosa and
Gracilaria edulis as well as for the Carrageenophyte Kappaphycus alvarezii, Gelidiella
acerosa gives a crop yield of 4 tones (dry)/halyr .while Gracilaria edulis yields a crop yield
of 20 tones (dry)/halyr using long line rope method and 30 tones (dry)/halyr using SRFT
(Single Rope Floating Raft Technique) method (Subba Rao et al. 2004). Kappaphycus
alvarezii gives acrop yield of 40 tones (dry)/halyr (SubbaRao and Mantri, 2006). Among all
the technologies developed Kappaphycus alvarezii cultivation technology has been
commercialized providing self-employment for tens of thousands of costal fisher folk in
Tamil Nadu earning Rs.15000—216000/--per person per month (Periyasamy et al. 2014). In
India Prof Krishnamurthy is the “Father of Seaweed Cultivation” while Dr P V Subba Rao is
the”Father of Kappaphycus Cultivation”.
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Oceans cover almost 70% of earth’s surface and harbor more than 3,00,000 species of
flora and fauna. Marine organisms, which thrive in such complex and highly competitive
habitats, have evolved to synthesize unique defense molecules with potent activities. The
exceptional chemical diversity offers an unlimited source of biologically active compounds.
Manifold chemica entities like proteins, lipids, polysaccharides, vitamins, mineras,
carotenoids, acid amines, etc., with various biomedical properties have been found to occur in
the marine environment. They have been found to possess several activities like antioxidant,
antiallergic, antimicrobial, anti-inflammatory, antidiabetic, anticancer, etc. In spite of their
vast potential, marine organisms are the least explored source of pharmaceuticals. However,
during the last few decades, several novel bioactive compounds have been isolated from
marine sources like microorganisms, mollusks, echinoderms, tunicates, algae, coras, sponges
and fishes. Currently, there are seven FDA approved marine derived drugs in the marine
pharmaceutical pipeline and more than 25 marine compounds in different phases of clinical
pipeline. Furthermore, severa hundreds of marine derived compounds are in preclinical
trials. The potentiality of marine compounds has increased the impetus of ongoing
investigations and marine environment is considered as a huge source of structurally unique
biomolecules for the devel opment of novel pharmaceuticals and nutraceuticals.
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Introduction

Marine mammals, consisting of 120 extant species, are warm-blooded vertebrates
evolved from land animals millions of years ago. In India, 30 species of cetaceans and one
species of sirenia have been reported. Though adapted to marine environment, they still retain
certain characteristic features of land mammals like presence of lungs, air breathing, giving
birth and nourish young ones etc. They spend most or al of their livesin the ocean. They are
the top-level predators that help keep our ocean ecosystem in balance.

Marine mammals are grouped into Cetaceans (whales, dolphins and porpoises),
Pinnipeds (seals, sea lions, fur seals and walruses) and Sirenians (dugongs and manatees).
Polar bears have aso been included under marine mammals. Among them, the Cetaceans are
the largest and most diverse marine mammals grouped into Odontoceti (toothed whales) and
Mysteceti (baleen or rorqual whales). Cetaceans are also ecologically very diverse as their
habitats range from coastal to pelagic, tropical to polar and from marine to fresh water. Their
food includes planktonic crustaceans, fish, squids and marine mammals (Milinkovitch and
Lambert, 2006). The blue whale is the largest animal ever known to have lived on Earth.

The Pinnipeds include sea lions, fur seals, true seals, walruses, sea otters and Polar
bears. Sea lions and fur seals have visible external ears and can walk on all four flippers by
rotating their rear flippers forward under their body. The mammalian order Sirenia, or sea
cows, includes two extant families, the Trichechidae (manatees) and the Dugongidae (the
dugong). Proboscideans (elephants) are usually considered the closest living relatives of
sirenians. Manatees include three living species and are known from the early Miocene (15
Ma) to the Recent in the New World tropics. The dugong is represented by a single extant
species, Dugong dugon.

Unique char acteristics

Marine mammals have specialized adaptations to survive in the marine environment.
They possess streamlined bodies to help them swim faster. Since they have to come to the
surface to breathe, they possess specia adaptive characters to absorb and store oxygen for use
in deep diving. Consequently, the concentration of myoglobin in the locomotor muscles of
diving vertebrates is 10 to 30 times greater than in their terrestria relatives (Costa, 2007).
Myoglobin is an oxygen binding pigment that facilitates oxygen transport and storage of
oxygen in the muscle. They aso have the ability to overcome decompression sickness and
nitrogen narcosis during deep diving. Also, the blood volume of diving mammals is greater
than terrestrial animals, ranging from 10 to 20% depending on the species (Costa, 2007).
They possess a thick layer of blubber (or fat) to avoid heat loss and to keep warm in the
ocean. Sperm whales can dive for over an hour, to depths over 1000 m.

Mysticetes (baleen whales) have no teeth. Instead, they possess unique structures in
their mouths called baleen. These whales undertake yearly round-trip migration of hundreds
to thousands of kilometers between the cold polar waters for food to warmer waters for
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breeding. For example, Gray whales are known for longest annual migrations as they travel
up to 12,000 miles between breeding and feeding grounds each year.

Odontocetes use echolocation or biosonar to detect, track and discriminate their prey,
as well as to negotiate their environment. Toothed whales emit a focused beam of high
frequency clicks, individually or in a series. Toothed whales, which evolved before baleen
whales, have complex socia systems and live in structured social groups called pods or
herds. Toothed whales can use vocalizations to maintain social bonds.

Sirenians are unigue among living marine mammals in having a strictly herbivorous
diet, which is reflected in the morphology of their teeth and digestive system. Manatees can
be readily distinguished from the strongly downturned snout of dugongs by their less-
pronounced deflection of the snout, which enables them to feed at any level in the water
column rather than being obligate bottom feeders, like the dugong.

Ecological significance

Marine mammals are believed to influence the structure and function of some aquatic
communities (Katona and Whitehead 1988; Bowen, 1997). As top level predators, they may
also play an important role in shaping the behavior and life history traits of prey species and
competitors, in nutrient storage and recycling and in modifying benthic habitats (Katona and
Whitehead 1988). Experimental studies have shown that sea otter, Enhydra lutris, which feed
primarily on sea urchins, have strong influence on kelp forest. Likewise, the structure of
benthic invertebrate communities is affected by Gray whale Eschrichtius robustus and walrus
Odobenus rosmarus feeding. The dugong Dugong dugon, which feeds on seagrass, may
influence the seagrass community. There is a speculation that some cetaceans may have an
important ecological role in the recycling of nutrients by feeding at depth and then defecating
in the euphotic zone (Kanwisher and Ridgway, 1983). Large cetaceans may continue to play
an important ecological role even after death through the downward transfer of nutrients to
benthic communities (Katona and Whitehead 1988).

Threatsand Stranding

Marine mammals are increasingly threatened by interactions with fishing gear, ocean
noise, pollution, direct harvest, ship traffic, coastal development etc. The alteration of marine
ecosystems due to climate change may have an influence on the migratory patterns of whales
as food becomes harder to find in their regular feeding habitats.

Marine mammal stranding is a complex phenomenon and severa reasons could be
attributed. Underwater shallow seaquakes, underwater acoustic noise, underwater volcanic
explosions, climate change, pollution, diseases etc are a few of the factors which could
contribute to their stranding. The sudden pressure related diving injury lead to sinus
barotrauma, effectively disabling biosonar and knocking out their navigational ability to
sense direction and location of prey. Ultimately, they swim along with the current until
shoreward current directs them to the beach. The pilot whales, for example, are highly social
and live in groups called pods. There is also a contention that distress call from an injured
member of the pod makes other individuals to rush in for help which lead to stranding of the
entire group. This phenomenon has not yet been proved.

Recent Stranding of Short-finned Pilot whalesin Tuticorin district

On 12" January 2016, around 79 short-finned Pilot Whales Globicephala
macrorhynchus got stranded along Tiruchendur to Manapad coast off Tuticorin district. It
was the fourth such incident involving the same species in India. In the year 1852, stranding
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of many pilot whales was reported in Salt Lakes near Calcutta (Blyth, 1852). Incidentally,
along the same stretch of Tuticorin district from Kulasekarapattnam to Manapad, 147 short-
finned pilot whales got stranded on 14™ January 1973 (Alagarswami et al., 1973). The
authors ruled out the possibility of stranding due to pollution after detailed analysis and
reported that the stomach and intestine were empty in the stranded whales. The authors could
not able to ascertain the causative factor for the stranding of pilot whales. Another mass
stranding of 40 G. macrorhynchus was reported along Elizabeth Bay, North Andaman coast
on 21 October 2012 (Raghunathan et al., 2013). The authors postulated that the magnetic
waves generated by the undersea earthquake with a magnitude of 4.7 on the Ritcher scale
which struck the Andaman sea region on 21 October 2012 at a depth of 30 km might have
altered the navigational path of whales and propelled them towards the shallow waters of the
Elizabeth Bay.

In the present stranding of short-finned pilot whales (persona observation), no
marked injuries were observed and the stomach of few examined whales was empty. The
stranded animals were found to be healthy. The stranded group included sub-adults and a few
calves. The tidal amplitude was high with a strong shoreward wind on the day of stranding.
This could be evidenced by the presence of the animals in the backwaters in Manapad linked
to the sea through a narrow channel. The few animals rescued back to the sea by the local
fisher folk in Kallamozhi on the night of stranding, beached at Manapad coast. Though the
exact reason for the stranding could not be ascertained for their stranding, it seemed that they
lost their navigational ability. The cause for disorientation could be linked to shallow earth
guake near Java province of Indonesia afew days earlier and the possible drifting of the pods
along with the current.

Conservation

The loss marine biodiversity in recent decades, mostly owing to anthropogenic
activity, is a cause for worry. According to Pompa et a. (2011), at least three marine
mammals, Caribbean monk seal (Monachus tropicalis), Atlantic gray whae (Eschrichtius
robustus) and the Steller's sea cow (Hydrodamalis gigas) became extinct because of hunting
for their fur, blubber, and meat during the 19th and 20th centuries. Still, many marine
mammals become victim to fisheries activity, ship traffic, entanglement in ghost nets,
ingestion of plastics, commercial hunting, habitat loss, pollution including oil spill and
acoustic sound, etc. Though most of the marine mammals have been included under wildlife
act, IUCN Red List and CITES, the lack of data on most of the species due their deep water
dwelling nature makes the conservation efforts complicated. However, since many of the
marine mammals have been shown to have an ecological role, they need to be protected by
all means.
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CASH FROM TRASH : SUSTAINABLE UTILISATION OF LOW
VALUE MARINE TRASH FISH RESOURCES- A GREEN
PERSPECTIVE ON BLUE ECONOMY
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The agricultural based food products generated are not sufficient for catering the
needs of burgeoning human populace. Adding to this, the availability of land for agriculture
isalarmingly decreasing at afaster pace. The Indian marine fisheries sector plays a prominent
role in supplying protein rich food and is providing ample employment generation and
foreign exchange earnings. But the present day marine fisheries scenario is so pathetic in
terms of declined catch which might be due to multiple anthropogenic factors such as over
exploitation, irrational fishing of juveniles and brooders, coupled with the havocs of pollution
and habitat destruction. An alarming situation like this will surely pave way to the
commercia extinction of many target fish species in near future. This situation warrants
rational management; hence focus should be directed on all aspects of fisheries with special
emphasis on the effective utilisation of low value marine bycatch resources. Understanding
this negative state, the Food and Agricultura Oganisation (FAO) Code of Conduct of
Responsible Fisheries emphasised that the maritime nations should establish principles,
policies and criteria for the sustainable utilisation of bycatch fish resources for responsible
conservation of fisheries resources and management.

What are marinetrash fish or bycatch resour ces?

The term ‘bycatch’ is defined as the catch which is retained and sold but which is not
of the target species of the fishery. In other terms, they are the associated catch of fishes
fished out in trawl net operations aong with the fish species targeted and are often termed as
‘trash fishes’. These are either thrown back to the sea or land and it has been estimated that
nearly 23% of total fisheries catch around the world are discarded every year which amounts
to 20 million tonnes. For instance, the Indian marine fish landings for the year 2010 revealed
that bycatch species were caught to the tune of over 50000 tons a miscellaneous among the
pelagic fish captured, about 25000 tons among demersel finfish, followed by 37000 tons of
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stomatopods and also more or less equal quantum of other crustaceans and around 2000 tons
of molluscs apart from cephalopods (CMFRI, 2011). Discard of bycatch species either to sea
or land has severa negative biological, ecological and economical impacts. Thus, thereis an
imperative need to utilise these resources, than merely discard so as to cater the protein
reguirements of exploding populace and for income generation.

Shall we make use of these bycatch or trashfish resour ces?

In this prelude, the reply to the quibble of making use of bycatch fishes is manifold. The
various possibilities and avenues for the sustainable and judicious use of these bycatch or
trashfish resources were broadly catagorised as follows:

1. Byecatch as alternative food species
2. Bycatch resources as export items
3. Vauable and value added products from bycatch resources
a) Fish body oil and liver ail
b) Fish Protein Concentrate (FPC)
¢) FishSilage
d) Fish pickles, surimi, sausages, breaded & battered products
e) Fishcollagen
f) Chitin and chitosan
g) Commercidly viable products
4. Augment the utilisation of bycatch as fish meal
5. Bycatch for Ornamental purpose
6. Production of bio-fuel from bycatch and offal

1. Bycatch as alternative food species

As the population of target fish species is declining in a faster pace, it is inevitable to
promote alternate species as food species so as to satisfy the demand. There exist quite a lot
of speciesthat are viable round the year in considerable quantities, with significant proximate
composition; which can be considered or converted as edible ones. For instance, stomatopods
(Squilla spp.) which are landed in bulk quantities form a chief bycatch component of shrimp
fisheries. Mgority of the species of this group are highly rich in biochemical composition,
but are reluctant for human consumption due to its appearance and difficulty in extracting the
meat. They can be considered as a candidate alternate food species which will create a sigh of
relief to the aready overexploited target fish species group.

2. Bycatch resour ces as export items

Certain marine species which we consider as trash has immense demand in other
countries. For instance, jelly fish and puffer fishes are landed in considerable proportions
during certain seasons in Indian coast are considered as trashfish; but forms an esteemed
palatable food for Japanese and Chinese, that fetch high market price. These items will be
processed by adopting viable technol ogies and can be converted to export grade items.

3. Valuable and value added products from bycatch resour ces

The bycatch resources can be effectively utilised and converted for the production of
various valuable nutraceuticals like fish body oil and liver oil, Fish Protein Concentrate
(FPC), Silage etc. The fish oil capsules available in the market are made out from
commercialy important forms like cod fishes. Low value clupeoid fishes like sardines are
enriched with poly unsaturated fatty acids (PUFA) and can be utilised as a candidate species
for the production fish oil, ensures various coronary and health benefits. FPC is a stable fish
preparation, intended for human consumption are produced by hydrolising fish protein by
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enzymatic or chemical treatment. FPC is superior to al other protein source as the quality of
the protein is high because the aminoacids present in it are at right proportion for human
nutrition. Special emphasis should be directed to the commercia level manufacturing of FPC
from bycatch fishes which will solve the problem of malnutrition to a greater extent.

Bycatch fishes can be successfully converted into more palatable items like fish pickles,
surimi, sausages, breaded & battered products that fetch higher price tags. Women self help
groups can take this as a better choice of income generation as the raw materials are of low
cost. As a prelude to this, it is to keep in mind that the products that are manufactured in
hygienic conditions ensure a good shelf life and high market demand. The packaging
materials employed should be sufficiently strong and durable to withstand stress during
handling, storage and distribution.

Bycatch organisms having tremendous prospects for the production of diversified
products like pearl essence, isinglass, fish leather, glue, gelatine etc. which are having
immense industrial and market value. The existing technologies for the production of these
products are to be modernised so to get more fruitful results.

4. Augment the utilisation of bycatch as fish meal

Fish meal produced throughout the world is a very cheap potential form of FPC, but is
not intended for human consumption. Steps should be taken to enhance the present level of
exploitation of bycatch resources for the preparation of fodder, poultry and shrimp feed by
giving stress to its value addition.

5. Bycatch for Ornamental purpose

Substantial quantities of molluscan forms (gastropods & bivalves) landed as bycatch
along with trawl catch is having aesthetic value as ornamental articles. Shells of the species,
Conus, Oliva spp. etc. have excellent demand in international market. Sacred chank Xancus
pyrum, matter of veneration for hindus is also a trawl bycatch. Special emphasis should be
directed on this line to augment the proper exploitation of these resources. This acts as an
aternate and additional livelihood option for fishers during lean months of fishing.

Way forward...

The aforementioned practices are to be imparted for the sustainable utilisation of
bycatch resources. Though bycatch will not solve the world’s food problem, but it provides
new impetus to satisfy the protein requirements of the burgeoning population, if utilised in a
proper manner. The role of research institutes is imperative for developing and popularising
proper methodologies for the sustainable utilisation of bycatch resources. Moreover, the
techniques implemented should be economically affordable to fishers with less capital
investment. Considering the vast potential of effective utilisation of bycatch resources, there
is an urgent and imperative need for enhancing research on this perspective, so as to achieve
the goal of generating “Cash from Trash : Wealth from Waste”.
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I ntroduction

Seaweeds are marine benthic, primitive and non flowering macrophytic marine algae
occurring in inter tidal and subtidal regions of the seas and oceans of the world and are used
as food for humans, as fodder for animals, as feed for birds and also as manure and liquid
fertilizer, besides forming a source of phytochemicals like agar, alginate and carrageenan
(Levring et al., 1969; Chapman and Chapman, 1980).Worldwide, there are 47 countries with
reports of commercial seaweed activity including China, North Korea, South Korea, Japan,
Philippines, Chile, Norway, Indonesia, USA, Taiwan and Vietham and has gained
prominence mainly for the manufacture of phycocolloids such as agar, aginate and
carrageenan and for food purpose (Zemke White and Ohno, 1999).Among the 9900 seaweed
species reported in the world (Khan et al., 2009), 221 species are utilized commercialy, 145
for food and 110 for phycocolloids production (Zemke White and Ohno, 1999). About 90%
of seaweed production comes from culture based practices and China holds first rank in
seaweed production, with Laminaria sp. accounting for most of its production. China is
followed by North Korea, South Korea, Japan, Philippines, Chile, Norway, Indonesia and
USA. Taiwan and Viatmam have aso succeeded in seaweed production. Among the
seaweeds cultivated worldwide four genera such as Laminaria, Porphyra, Undaria and
Gracilaria accounted for 93% of aquaculture production (Zemke White and Ohno, 1999 and
Mc Hugh, 2003) and they are known as Marine Crop plants (Tseng, 1981). The world market
of seaweeds or their products is more than 10 billion dollars (Zemke White and Ohno, 1999).
The contribution of cultured seaweeds is 15% of global aquaculture (45,715,559 tons). The
seaweeds mostly exploited for culture are the brown algae with 4,906,280 tons (71% of total
production) followed by the red algae (1,927,917 tons) and green algae (33,700 tons) (Khan
and Satam, 2003).

Seaweed Farming - World Scenario

Commercial farming of seaweed has long history. At present 10 algae are intensively
cultivated such as two brown algae Laminaria japonica and Undaria pinnatifida, four red
algae Porphyra, Eucheuma, Kappaphycus and Gracilaria and two green algae Monostroma
and Enteromorpha and two blue green algae (microalgae) Dunaliella and Spirulina (Wikfors
and Ohno, 2001). According to the latest world aguaculture production in 2012, the
production of aquatic algae (mostly seaweeds) from 33 countries has been found to be 23.78
million tons wet (FAO, 2014). A few Asian countries dominated total algal production with
China (53.97%) and Indonesia (27.40%) accounting for 81.37% of the total. Other countries
included Philippines (7.36%), Republic of Korea (4.3%), Japan (1.85%), Maaysia (1.39%),
Zanzibar (0.63%), Samon Island (0.05%) and rest of the world (3.03%). All farmed aquatic
agae (seaweeds) could be categorized into seven groups according to their nature and
intended uses viz; Kappaphycus and Eucheuma (more than 8 million tons wet), Japanese kelp
(Laminaria japonica — more than 5.5 million tons wet), Gracilaria sp (more than 2.5 million
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tons wet), seaweed species not identified (more than 2.5 million tons wet), Wakame (Undaria
pinnatifida — more than 2 million tons wet), Porphyra spp (more than 1.5 million tons wet)
and other seaweeds and micro algae (less than 0.5 million tons wet) (FAO, 2015).

Seaweed Farming - Indian Scenario

The length of coastline of Indian peninsula (08°04’- 37°06’N and 68°07°- 97°25°E) is
7516 km excluding its island territories (1256 islands) with 2 million kilometer square
Exclusive Economic Zone (EEZ) (Subba Rao, 2000). Indian coastline is a part of the Arabian
Sea in the west, Bay of Benga in the east, and Indian Ocean in the south. It has been
estimated that seaweed can be farmed in around 200 thousand ha or 0.001 percent of the EEZ
(Krishnamurthy, 2005). Seaweeds grow abundantly along the coasts of Tamilnadu, Andhra
Pradesh, Odhisa and West Bengal on east coast and Kerala, Karnataka, Goa, M aharashtra and
Gujarat on west coast and aso on the coasts of Lakshadweep and Andaman Nicobar Islands.
Among the 9000 species of seaweeds enumerated in the world (Khan et al., 2009), 1153
species are present in India with a total standing crop of 6, 77, 309 to 6, 82, 759 tons fresh
(Subba Rao and Mantri, 2006). Commercia exploitation of seaweeds commenced since 1966
(Oza and Zaidi, 2001) and about 1518 tons of (dry) red seaweeds and 2285 tons of (dry)
brown seaweeds were harvested from their natural habitats from southeast coast of India for
manufacture of agar, alginate and liquid fertilizer (Kaliaperuma et al., 2004). Lack of
sufficient raw material and paucity in supply of the same led the closure of many
phycocolloid based industries (Thirupathi and Subba Rao, 2004) which had become a
mandatory for development of cultivation technologies for the economic seaweeds .The
rocky beaches, mudflats, estuaries and lagoons along the coast offer ideal habitats for
seaweed farming. One of the CSIR (Council of Scientific and Industrial Research, New
Delhi) laboratory, Central Salt and Marine Chemicals Research Institute (CSMCRI) at its
field center Marine Algal Research Station (MARS), Mandapam camp initiated devel opment
of cultivation technologies for economic seaweeds such as Gelidiella acerosa and
Gracilaria edulis during 1970s and during the subsequent years cultivation technologies for
Hypnea, Sargassum, Ulva, and Enteromorpha, were also developed (Subba Rao et al., 2004
and Rama Rao et al., 1985). An laboratory of Indian council of Agricultural Research
(ICAR), Centra Marine Fisheries Research Institute (CMFRI) at its regional center at
Mandapam Camp since 1970s also ventured to contribute its might towards cultivation
technology of seaweeds like Gracilaria edulis and Acanthophora spicifera (Kaliaperumal et
al., 2004). The cultivation of agar yielding seaweeds Gelidiella acerosa (Subbaramaiah et
al., 1975; Patel et al., 1986), Gracilaria edulis (Rau and Thomas, 1971), carrageenophyte
Hypnea sp (Rama Rao et al., 1985 and Ganesan et al.,2006), alginophyte Sargassum sp
(Subba Rao et al., 1984), and edible seaweeds Ulva fasciata and Enteromorpha compressa
(Subba Rao and Mantri, 2006) at different locations on Northwest and Southeast coast of
India using various culture techniques were of note worthy.. These experiments revealed that
Gelidiella acerosa could be successfully cultivated on dead corals and halow cylindrical
cement blocks and Gracilaria edulis and Hypnea musciformis on long line ropes and Ulva
fasciata and Enteromorpha compressa on nets (Subba Rao et al., 2004 and Subba Rao and
Mantri, 2006).

Kappaphycus alvarezii was introduced in September 1995 at Thonithurai (Mandapam
near Pamban Bridge), in Gulf of Mannar waters, Tamilnadu by Dr P.V.Subba Rao, the
Scientist-in-Charge of CSMCRI, Marine Algal Research Station, Mandapan Camp,
Tamilnadu as such he is the “Father of Kappaphycus cultivation in India”. The cultivation
technology of this seaweed has been commercialized and the same has been awarded CSIR
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Technology Award for the year 2001 in the area of Biological Sciences and Technology
Development and this is the first Technology Award for the Ingtitute. This seaweed was
initially cultivated by different methods viz, Polythene Bag method, Net Bag method, Net
enclosed Open Culture method and Raft method. Among these methods, raft method had
been found to be the best one for commercial feasibility and finally this method is being now
adopted by the fisher folk in Tamilnadu. M/S PepsiCo India Holdings Private Limited,
Gurgaon took up this cultivation after getting the technology transferred in 2001 from Central
Salt and Marine Chemicals Research Institute (CSMCRI), Bhavnagar and expanded the same
on Palk Bay side of Bay of Bengal in the Mandapam region, Southeast coast of India. From
2006 onwards this cultivation was further taken up by Self Help Groups (SHGs) for their
livelihood. Aquaculture Foundation of India (AFIl) was instrumental to introduce Self Help
Groups (five members in each group) through a project sanctioned by Department of
Biotechnology (DBT), New Delhi to rehabilitate tsunami affected families. Cultivation of this
seaweed generated self employment for hundreds of thousands of fisher folk in some coastal
districts of Tamilnadu viz, Ramanathapuram, Pudukkottai, Tanjore, Tuticorin and
Kanniyakumari districts earning Rs. 15000/- to Rs. 16000/- per person per month
(Periyasamy et al., 2014a; 2015). The feasbility of cultivation of this seaweed was
successfully established on Okha Mandal coast at Mithapur, Okha and Beyt Dwaraka on
Northwest coast of India by Subba Rao et al (2008) and this is first international publication
from India. Subsequently cultivation of this seaweed was carried out at different locations on
Indian coast: Vellar estuary, Tamilnadu (Thirumaran and Anantharaman, 2009), Palk Bay
waters of Ramanathapuram, Tamilnadu (Periyasamy et al., 2014a, 2014b and 2015),
Vizhinjam, Kerala (Bindu, 2010), Saurashtra coast (Gunalan et al., 2010; Kotiya et al., 2011,
Sureshkumar et al., 2015) . This alga gave a crop yield of 25 tons (dry)/ ha/ yr for net bag
method, 40 tons (dry)/ ha/ yr for raft method and 45 tons (dry)/ ha/ yr for open culture
method in eight harvests in the Mandapam region of Southeastren coast of India whereas at
Okha, Northwest coast of India it yielded 22 tons (dry)/halyr in five harvests for the raft
method (Subba Rao and Mantri, 2006).

Although economically feasible cultivation technologies are available for Gelidiella
acerosa and Gelidiella edulis (Subba Rao et al., 2004), as of now Kappaphycus alvarezi
alone has been taken up for seaweed farming by self help groups aong Tamilnadu coast
.Bottle necks for commercia cultivation of other promising seaweeds such as Gracilaria
edulis, Gelidiella acerosa, Enteromorpha compressa, Gracilaria dura, etc. need to
addressed.. Moreover seaweeds could be farmed/ cultivated in 200,000 hectares or 0.001%
of the 2 million km? of Exclusive Economic Zone (EEZ) (K rishnamurthy, 2005) providing a
lot self employment opportunities for the coastal people. It has been estimated that India has
the potential to produce 1 million tons of dried seaweed, Kappaphycus alvarezii athough its
production was only 4210 tons wet (Krishnan and Narayanakumar, 2013).

Conclusion

As a whole the seaweed cultivation is not complicated but very simple and easy.
Capital investment for this cultivation is less than any other aquaculture practices. It does not
involve any inputs that are harmful to the environment and on the other hand it is beneficial
to the ecosystem. Though seaweed farming is labour intensive, it offers lucrative earning as
the market for seaweed products are diversified in the areas of food formulations,
pharmaceutical and other industrial sectors. Today seaweed farming is a viable aternative
source of income for small scale fishermen.
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1. Introduction

Marine environment is the largest environment on the planet and the oceans serve as
the host for huge microbial populations whose diversity is till challenging. Among the ocean
microbial populations, actinobacterial diversity is of paramount importance for natura
products synthesis. Earlier works have reported the existence of marine actinobacterial
genera. Solwaraspora (Magarvey et al., 2004), Serinicoccus (Yi et al., 2004), Salinispora
(Maldonado et al., 2005), Marinispora (Kwon et al., 2006), Demequina (Yi et al., 2007) and
still others. Present study has witnessed the occurrence of actinobacterial populations in
planktonic lifestyle in the subtropical seawater where their existence is predominant in
association with marine sediments or they occur as invertebrate symbionts. Present work


mailto:oceanactino@gmail.com

describes the cultural and physiological characters besides the 16S rDNA sequence analysis
of the selected actinobacterial strains from the sub tropical front of the Indian Ocean.

2. Methods
2.1. Sample Collection

Water samples were collected during the 6™ Indian Scientific Expedition to the Indian
Ocean Sector of the Southern Ocean on board ORV Sagar Nidhi (Fig. 1 & 1a). The samples
were collected from the stations viz., Sub tropical Front (40°S, 58°30°E) using CTD
(SEABIRD 911 plus, USA). Collected samples were transferred to sterile containers, stored
in an ice box and brought to the laboratory for further analysis.

2.2. |solation and enumer ation of actinobacteria

Isolation of actinobacteria was carried out using Starch Casein Agar medium,
prepared with an addition of 20mg/I of nystatin and cycloheximide (100mg/l), respectively to
minimize bacterial and funga contaminations (Kathiresan et al., 2005). The plates were
incubated at 18°C for 15 days. The strains were sub-cultured on the Starch Casein Agar slants
(medium with 100% sea water) for further investigations.

Fig. 1. Map showing the study area

Sampling Point (40°S,
58°30’E)

Fig. 1a ORV Sagar Nidhi

(‘Note: ORV Sagar Nidhi is an ice-strengthened multidisciplinary vessel operated by
the National Institute of Ocean Technology, India. The vessdl is capable of carrying out geo-

scientific, meteorological and oceanographic research, and is designed with blue-water
capability with ranges of up to 10,000 nautical miles (19,000 km) for voyages lasting up to 45
days. Sheis supports the research in the Indian and Antarctic Oceans).
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2.3. Phenotypic and biochemical characteristics

Cultural characteristics were determined after 3-4 weeks according to the methods
given in the International Streptomyces Project (1SP) (Shirling and Gottlieb, 1966). All the
media used were supplemented with 100% sterile seawater. The colours of the substrate and
aeridl mycelia and any soluble, reverse side pigments production were examined.
Characteristics of the spore bearing hyphae and spore chains were determined using direct
microscopic examination of the culture surface by using cover-dlip culture method. Adequate
magnification (400X) was used to establish the presence or absence of spore chains and to
observe the nature of sporophores. Biochemical characteristics were determined by the ability
of utilization of sole carbon sources by the strains, following the methods recommended in
International Streptomyces Project (1SP).

2.4. Chemotaxonomy

Established procedures were used to determine the diagnostic isomers of DAP and the
whole cell sugars (Cummins and Harris 1956; Lechevalier and Lechevalier 1970).

2.5. 16SrRNA gene sequencing

Genomic DNA was extracted from the isolates by following the procedures described
by Ausubel et al. (1994). PCR amplification of the 16S rDNA preparations was carried out
by the methods described by Karuppiah et al., (2011). The resultant PCR products were
purified and the purified fragment was directly sequenced using an Ampli Tag FS DNA
sequencing Kit (Applied Biosystem). The data were analyzed using applied biosystem DNA
editing and assembly software and sequence comparisons were obtained using the Micro Seq
Software.

2.6. Analysis of sequence data

Sequence similarity search was made for the 16S rDNA sequence of al isolates by
applying their sequence to BLAST search of the NCBI (National Centre for Biotechnol ogical
Information, USA). Phylogenetic analysis was performed using the software package MEGA
(Molecular Evolutionary Genetics Analysis) version 4 (Tamura et al.,, 2007) after multiple
aignment of data by CLUSTAL_X (Thompson et al., 1997). A phylogenetic tree was
constructed using the neighbour-joining method of Saitou and Nei (1987) from Ky values
(Kimura, 1980). The topology of the phylogenetic tree was evaluated by using the bootstrap
resampling method of Felsenstein (1985) with 1000 replicates.

3. Results and discussion
3.1. Isolation and enumer ation of actinobacteria

Bimodal distribution of actinobacteria in nearshore tropical marine environments had
been reported by Jensen et al. (1991) and Takizawa et al. (1993). Existence of indigenous
marine actinobacteria from oceanic sediments has been suggested from the earlier studies
(Weyland and Helmke, 1988; Takizawa et al., 1993; Ravel et al. 1998). Though, there are
more evidences for the presence of actinobacteria in the marine sediments, studies on the
marine actinobacterial distribution in sea water is less. Ghanem et al. (2000) proved the
existence of uneven distribution of marine actinobacteria, in accordance with the occurrence
of microenvironments, providing with sites of activity, governed by intermediate factors by
recording higher population density in marine sediments rather than the sea water. Present
study is an attempt to explore the diversity of marine actinobacteria from the sub-tropical sea
waters. Actinobacterial population density recorded from the sub-tropical sea water was
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1.2x10% CFU/mI. Based on the distinct colony morphology, four isolates (SSTF1, SSTF2,
SSTF3 and SSTF4) were selected for further investigation.

3.2. Phenotypic and biochemical characteristics

Cultural, microscopic and biochemical characterisitics of the four strains are shown in
Table 1.

3.3. Chemotaxonomy

Chemotaxonomic studies were performed to check the cell wall aminoacid type and to
ensure the characteristic sugar patterns. The study revealed that the strains SSTF1 and SSTF3
possessed mesodiaminopimelic acid as the cell wall aminoacid with the characterisitic sugars
viz., galactose and arabinose, indicating cell wall type IV. Whereas, the strains SSTF2 and
SSTF4 possessed L-Diaminopimelic acid and glycine as the cell wall amino acids with no
characteristic sugar patterns indicating cell wall typel.

3.4. Analysis of sequence data

Results of the 16S rRNA gene sequence comparison clearly demonstrated that the
strains SSTF1 and SSTF3 are members of the genus Saccharopolyspora and the strains,
SSTF2 and SSTF4 are the members of the genus Streptomyces. In the phylogentic tree based
on the neighbor-joining algorithm, the strain SSTF1 formed a distinct subclade with
Saccharopolyspora gregorii and the strain SSTF3 formed a distinct subclade with
Saccharopolyspora gloriosa (Fig.2). In the same way the strain SSTF2 formed a distinct
subclade with Streptomyces flavoviridis and the strain SSTF4 formed a distinct subclade with
Sreptomyces variabilis (Fig.2). The 16S rRNA gene sequence similarities between the
strains SSTF1 and SSTF3 were 89.8 and 92.8%, respectively. Similarly, the 16S rRNA gene
sequence similarities between strains SSTF2 and SSTF4 were 91.7 and 93.4%, respectively.
Though the strains SSTF1 and SSTF3 formed a subclade with the respective
Saccharopolyspora sp., the sequence similarity difference suggested that the strains belong to
the genus Saccharoployspora. Though the strains SSTF2 and SSTF4 formed a subclade with
the respective Streptomyces sp., the sequence similarity difference suggested that they belong
to the genus Streptomyces.

4. Conclusion

In general, it is assumed that the occurrence of actinobacteria is largely associated
with the marine sediments or they occur as symbionts in the invertebrates but their planktonic
lifestyle is rare (Bull and Stach, 2007). Hence, cultivation efforts were made to get
considerable actinobacteria diversity form marine samples, either from sediments or from
marine organisms (Magarvey et al., 2004; Jensen et al., 2005; Moldonado et al., 2005;
Gontang et al., 2007), rather than the sea water. Today, actinobacteria are consistently
observed in sea water when culture-independent techniques are applied to marine samples.
Application of molecular techniques has also provided with a new perspective to the diversity
marine of actinobacteria (Ward and Bora, 2006), which are omnipresent and even a small
portion of them occurs as bacterioplankton in sea water (Giovannoni and Stingl, 2005). In
open ocean regions, proportion of actinobacteria can rise from zero to 35% of the
bacterioplankton (Bull and Stach, 2007). Further, the actinobacteria diversity from sea water
can be elucidated easily using the culture independent techniques.

Present study, reporting the two genera Streptomyces and Saccharopolyspora from
the subtropical seawater, signifies that there is no dearth of the microbes in the seawater and
it would be worth attempting to explore their diversity, using metagenomics. Such culture
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independent studies may reveal and include rare and novel forms of planktonic actinobacteria

in the marine realms.
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Table 1. Phenotypic and biochemical characteristics of four actinobacterial strains

isolated from the subtropical front.

Characteristics

SSTF1

SSTF2

SSTF3

SSTF4

Spore arrangement

Hooks
spira

and

RA-S

Hooks and
flexous

S

Aerial mycelium

White

Grey

White

White

Reverside pigment

Whitish
yellow

Soluble pigment

Melanoid pigment

carbon sour ces

Utilization of carbohydrates as sole

L -arabinose

D-galactose

D-lactose

D-maltose

D-raffinose

L-rhamnose

Sucrose

D-xylose

RA-Retinaculiaperti; S-Spira

(+) — Positive utilization; (-) — Negative utilization
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14 |SSTF1

Succharopolyspora gregorii (KCS14724.7)
Saccharopolyspora gloriosa (JXO07996.1)

ASTF3
i}

Succharopolyspora cebuensis (NR (14404...

Saccharopolyspora taheri (NR 024840.1)

oo |SNTF4
Streptonwyces variahilis (IN627185.1)

100 [ Strepiomyces glomeraius (AJ781754.1)

67 Strepromyces piloviolofuscus (ABT8456...

| SSEE2

100 | Streptomyces flavovividis ((Q985452.1)

0o
Fig. 2. Neighbour-joining phylogenetic tree, based on amost-complete 16S r RNA
gene sequences, showing the relationships between the isolated strains and the type strains of
recognized species of the genus Saccharopolyspora and Streptomyces. Numbers at the nodes
indicate bootstrap percentages (based on a neighbor-joining analysis of 1000 resampled data
sets). Bar, 0.01 substitutions per nucleotide position.
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MARINE NON-RENEWABLE RESOURCES
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V.0O.Chidambaram College, Tuticorin

1. Introduction

Natural resources are rapidly disappears from the land by over exploitation, man has
turned to the oceans as his new source of supply.  The world is now in short supply of
many resources which have been depleted from the landmasses. Mercury, Tin, silver, cobalt
etc are in short supply.  There are millions and millions of dollars worth of these natural
resources in ocean water and ocean floors. Yet because of the pressure and depth we can
examine only the continental shelves. Shelves are areas adjacent to the continents which are
less than 656 feet deep or 50 miles out from the continents, whichever is greater. Unless we
develop international agreements and means of exploring the ocean floor, our source of raw
materials will be limited and in short supply.

Renewable resources are those which get replenished quickly. Example. Water, soil
etc. Non-renewable resources are those have a limited stock. Once the stock is exhausted it
may take thousands of years to be replenished. Example. Oil and natural gas.

A scientific revolution in our understanding of the way the Earth works started in the
1960’s that significantly expanded our knowledge of marine minerals while the 1982 United
Nations Convention on the Law of the Sea was being formulated and adopted. The scientific
revolution entailed a major change in viewing the ocean basins and continents. Before the
scientific revolution, the ocean basins were viewed as big bathtubs that passively contained
the oceans. The continents and ocean basins were viewed as permanent features that had
remained in their present positions through most of Earth’s history. The marine mineral are
thought to be derived from erosion of land and carried into the ocean in particulate or
dissolved form by rivers. These minerals comprised heavy metal deposits (tin, gold, etc.),
gemstones (especialy diamonds), sand and gravel (aggregates) deposited in sediments of
continental margins, phosphorites deposited on hard rock substrates of continental margins,
and polymetallic nodules (nickel, cobalt, iron, and manganese in varying concentrations)
precipitated on the floor of the deep ocean from metals dissolved in seawater. Of these
mineras, tin, diamonds, and sand and gravel are viable industries, with the largest annua
production value attributed to sand and gravel.

The development of plate tectonics theory has changed our view of ocean basins from
big bathtubs to dynamic features that open and closes on a time scale of tens to hundreds of
millions of years with concomitant movement of the land areas known as continental drift.
The scientific revolution recognized the ocean basins as sources of types of non-fuel mineral
deposits in addition to those previously known derived from erosion of land. These newly
recognized types of marine mineral resources include polymetallic massive sulphides
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containing copper, iron, zinc, silver, gold and other metals in varying amounts. Polymetallic
sulphides deposits are concentrated over two types of plate boundaries 1. Divergent plate
boundary and 2. Convergent plate boundaries.

Another newly recognized type of marine mineral resource is cobalt-rich iron-
manganese (ferromanganese) crusts that are precipitated over millions of years on the
submerged flanks of inactive underwater volcanoes from metals dissolved in seawater
derived from input of metals by both rivers and seafloor hot springs. None of these newly
recognized types of marine mineral deposits are renewable resources, as they al require
thousands to millions of years to accumulate in economically interesting grades and tonnages.
They are resources for the future with no present production. We are still at an early stage in
exploration of the oceans with only a few percent of the seafloor known in detail and even
less known about what lies beneath the seafl oor, so new discoveries will continue to be made.

1.1 The Science of Marine Minerals. Beforethe Theory of Plate Tectonics

Prior to the advent of the theory of plate tectonics in the 1960s, the ocean basins were
regarded as passive containers like big bathtubs that ssmply held the oceans and served as a
repository for the rock materia washed in from the continents. The ocean basins and
continents were then considered to be permanent features that had remained in their present
positions and retained their present shapes through much of the Earth's 4.6 billion year
history.

This pre-plate tectonic view of the Earth correctly recognized those marine minerals
that are derived by two processes of erosion of rocks on land and their transport into the
ocean primarily by rivers.

1.2 The Science of Marine Minerals: After the Theory of Plate Tectonics

The theory of plate tectonics changed our view of the ocean basins from big bathtubs
that contain materials washed off the land by rivers, to active sources of materias that form
types of mineral deposits different from those derived from the erosion of land. A new view
of a dynamic Earth according to plate tectonics has replaced the old view of a static Earth
with permanent immobile continents and ocean basins. According to this new view the
outermost shell of the Earth is formed by arigid layer about 100 kilometres thick called the
"lithosphere”. The lithosphere effectively floats on a more plastic underlying layer called the
"asthenosphere”. The lithosphere is fragmented into some twelve major plates and numerous
minor plates.

.éz’é?‘ Divergent oungary J Convargent boundary / Transform boundary
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These plates move interdependently in different directions. According to their moving
direction, the plate boundaries are classified as 1. Divergent, 2. Convergent and 3. Transform
fault boundaries. At divergent plate boundary, molten rock (magma) upwells beneath
divergent plate boundaries, cools, solidifies, and forms new lithosphere. These plates moves
apart from each other like two diverging conveyor belts at an average rate of centimetres or
inches per year in the process of seafloor spreading.

The second type of plate boundary is called a "convergent” plate boundary because
two lithospheric plates come together. One plate generally moves down beneath the other at
an ocean trench. The downgoing plate descends and melts back into the Earth's interior in the
process of

Types of Plate Boundaries

subduction. Volcanic island chains like Japan, the Marianas, the Philippines,
and New Guinea that lie along the western margin of the Pacific Ocean, and volcanic
mountain chains like the Andes of South America and the Cascades of North America, are
formed by volcanic activity generated by melting of the lithosphere as it descends at
convergent plate boundaries.

A third type of plate boundary, expressed as an offset along the length of a divergent
or a convergent plate, serves to accommodate the linear boundaries to the curvature of the
spherical Earth.

Plate boundaries are part of a global system of transfer of heat and chemicals between
the Earth's hot interior and the oceans. The heat drives processes of mineralization and the
chemicals are the source of the materials that are concentrated as mineral deposits at and
away from plate boundaries. These mineral deposits include polymetallic massive sulphides
deposits at sites along plate boundaries and emissions of metals that combine with those
dissolved from continents to form polymetallic nodules and cobalt-rich ferromanganese
crusts.
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2. Seafloor Settings of Marine Mineral Deposits

Continamal marpgn——— .

Conhinantal

Contnenia rsa

Divisions of Continental Margin

The marine minerals begins by considering the seafloor settings of both fuel and non-
fuel marine minerals. The seafloor forms two broad divisions and numerous subdivisions.
The two broad divisions are the margins of continents and the ocean basins. Continental
margins are subdivided into passive and active types with important implications for the
occurrence of non-fuel and fuel minerals (oil and gas).

2.1 Passive continental margin

A passive continental margin is where continental crust passes directly into ocean
crust without any plate boundary being present. No divergent motion or subduction occurs
here. Almost al of the edge of the Atlantic is passive continental margin - i.e. the east coast
of N and S America and the west coast of Africa

These margins are termed "passive’ because they passively subside after breaking
apart and are generally buried by layers of sediment up to tens of kilometres thick eroded
from the adjacent landmass and deposited on the origina rifted edges of the continents.
Therefore, passive

continental margins have potential for placer-type mineral deposits of metals and
gemstones eroded from the adjacent landmass and for lime and phosphorite deposits
precipitated directly from seawater and/or indirectly by marine organisms. The thick
accumulations of sediment generally contain organic matter primarily from the remains of
tiny marine plants and animals

Coastal il i Desp-coean
- olam Contirenial margir -‘- wasin -

. R " >
[ Coontinsrtakermt TR

Passive Continental Margin

that settle out of the overlying water. The combination of pressure and heat as the

organic matter is buried by sediment gradually converts it into hydrocarbons that form oil,
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gas and gas hydrates. The hydrocarbons form prospective accumulations when concentrated
by the coincidence of alarge volume of porous and permeable sediment as areservoir and

one of avariety of structures capped by an impermeable layer as atrap.

In the case of gas hydrates, methane gas generated primarily by the decay of organic
matter isincorporated into ice that forms under the high-pressure, low temperature conditions
that exist within portions of the sedimentary layers underlying passive continental margins. In
contrast to oil and gas, which is concentrated in natural reservoirs within the sedimentary
layers, methane is disseminated in large volumes of sediment underlying large areas of
continental margins.

The thick accumulations of sediment generally contain organic matter primarily from
the remains of tiny marine plants and animals that settle out of the overlying water. The
combination of pressure and heat as the organic matter is buried by sediment gradually
converts it into hydrocarbons that form oil, gas and gas hydrates. The hydrocarbons form
prospective accumulations when concentrated by the coincidence of alarge volume of porous
and permeable sediment as a reservoir and one of a variety of structures capped by an
impermeable layer as atrap.

In the case of gas hydrates, methane gas generated primarily by the decay of organic
matter is incorporated into ice that forms under the high-pressure, low temperature
conditions that exist within portions of the sedimentary layers underlying passive continenta
margins. In contrast to oil and gas, which is concentrated in natural reservoirs within the
sedimentary layers, methane is disseminated in large volumes of sediment underlying large
areas of continental margins.

2.2 Active continental margins

Active continental margins occur at convergent plate boundaries where plates come
together and the lithosphere is destroyed by descending back into the Earth's interior in the
process of subduction. These margins are termed "active" because they are associated with
earthquakes and volcanically active island chains like Japan and Philippines.

Lithosphere

Lithosphere

Asthenosphere

—

Ceeanic-continental convergence Oeeanic-oceanic convergence

The generation of magma by the descending plate create conditions for concentration
of seafloor polymetallic massive sulphides and related metallic mineral deposits. Sedimentary
basins on the seaward and landward sides of the volcanic island chains have the potential for
the occurrence of placer deposits and of oil, gas, and gas hydrates.
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3. Sourcesof Marine Minerals

Non-fuel marine minerals are considered in this chapter in the following order related
to their sources of origin:

a. Mineral deposits derived from land sources. These constitute beach deposits and

placer minera deposits, as well as certain deposits precipitated from seawater (lime

and phosphorite).

b.Minera deposits derived from sources in ocean basins. These comprise
metalliferous sediments, polymetallic massive sulphides, and related deposits.

c.Mineral deposits derived from a combination of land and ocean basin sources. These
comprise polymetallic manganese nodules and cobalt-rich ferromanganese crusts.

3.2 Marine Mineral Deposits from L and Sour ces

Marine mineral deposits from land sources comprise placer deposits, deposits of
lime, phosphorite, and salt as well as beach deposits of continental margins.

3.2.1 Beach Placer Deposits

Placers are those deposits of metallic minerals and gemstones that are eroded from
source rocks on land and transported into the ocean by rivers where they are sorted and
concentrated by water motions (waves, tides, currents) by virtue of the high density of the
minerals relative to surrounding sediments. Principal metalsin minerals of placer deposits are
barium, chromium, gold, tin, titanium, thorium, and zirconium. The principal gemstone is
diamond.

3.2.2Gold

So far database contained records of 21 occurrences of offshore gold in Alaska
(USA), Nova Scotia (Canada), Chile, China, India, Korea, Fiji, Philippines, Russia, Sierra
Leone, Solomon Islands and Southern New Zealand. The only offshore mining operation for
gold occurred in Nome (Alaska) from 1987 to 1990. The total production was 3,672 kg of
gold recovered from 4,460,000 cubic metres of sediment. The deposit was identified as an
ancient glacier deposits reworked by waves and tides.

3.2.3Tin

Tin is the maor placer deposit that is mined. Tin-bearing gravel is dredged from
water depths up to 50 metres (about 164 feet) on the continental shelf at sites off Myanmar,
Thailand, and Indonesia. It is estimated that offshore production of tin in these areas accounts
for some 10 percent of world production with an annual value approaching US$100 million.

3.2.4 Thorium

Placer mineral Monazite contain up to 15% of Thorium. It is widespread in the
western coast of USA, India, Brazil and Australia. Monazite is commonly associated with
heavy minerals such as ilmenite, zircon, and the rutile. In India, Monazite is available in
Manavalakurichi of Kanyakumari district. This monazite deposits extends up to 6 km and
with an average width of 45 m. The total average content of heavy mineralsis around 39 %.
Of these, ilmenite forms the major constituent (24%), with rutile (1.8 %), zircon (2%),
monazite (1%), sillimanite (3.5%) and garnet (5.5%). The monazite has a total of 8% ThO,.
IRE mines this deposits.
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3.25 Titanium

Titanium is obtained from ilmenite and rutile and widely available in the beach sand.
This is extensively worked out on the coasts of Australia, India, Brazil and Canada. 25% of
the world ilmenite production is from Australia Ilmenite-rich major beach and dune sand
deposits occur in the coastal stretches of Kerala (Chavara), Tamil Nadu (Manavala kurichi,
Midalam, Vaippar), Andhra Pradesh, Orissa and Maharashtra. The Indian ilmenite commonly
contains 50-60% TiO, and is suitable for various process technologies.

3.2.5 Zirconium

It is extracted from zircon, a mineral which is generally found concentrated with other
minerals such as ilmenite, rutile, garnet and monazite.12 million tons of resource of zircon is
inferred chiefly from the beach placer sands. A reserve of 1.2 million tons in India is
estimated. Australia and Sri Lanka share the major part of the world’s annul production of
zircon to atune of 5,43,000 tons.

3.2.6 Diamond

Diamonds were discovered on the shores of Namibia and South Africa around 1928.
The origin of the diamonds is the mouth of the Orange river from their original kimberlite
Pipes. From the land, the miners went to sea, using gravel suction pumps operated by divers.
During the 1970s, exploration was undertaken to determine the possibility of discovering
offshore deposits in paleobeaches and paleochannels. Exploration revealed the presence of
offshore deposits that extend to the south in Namaqualand (South Africa). After a prolonged
period of testing, mining started in 1990 with a production of 29,000 carats (ct). In 1998,
offshore production was close to 1 million ct. It decreased to 650,000-800,000 ct during
subsequent years due to mechanical breakdowns. The sediment is airlifted or pumped and
processed in dense media to obtain gravel concentrate. Diamond sorting is by hand or by
automatic X-ray equipment.

3.2.7 Limeand Phosphorite

As noted, lime, phosphorite and salt deposits of continental margins are derived by
chemical weathering of continental rocks and transported by rivers in a dissolved state into
the ocean where they are precipitated on continental margins under the right conditions.

58



Proceedings of NSMR’16

Lime (calcium carbonate) may be precipitated in shallow water in subtropical and
tropical climate zones or extracted from seawater by microscopic plants and animals and
deposited as their remains (shells and other forms).

Marine sedimentary phosphorite deposits are naturaly occurring compounds
containing phosphate in the form of cement binding sediment. Phosphates extracted from
phosphorites are composed of calcium phosphate. This is an important fertiliser and,
therefore, agriculture mainly benefits from its use.

They are mainly found as nodule rock in a sandy deposit or as soft sediments. The
phosphates lie in the top layer in alarge surface area. Marine Phosphates deposits are found
at various water depths that range between 0 and 2,000 metres.

AFRICA

Rt valleys <~

Rifting of Continent and formation of new ocean

It is mainly found in off-shore of China, United States, Moracco and Western Sahara,
Russia, Tunisia, Jordan, Brazil, Syria, Israel, South Africaand India.

4. Marine Mineral Deposits from Sourcesin Ocean Basins
4.1 Hydrothermal Deposits: Metallifer ous Sediments

The metalliferous sediments of the Atlantis || Deep in the northern Red Sea constitute
the first hydrothermal deposit (a mineral deposit concentrated by hot, metal rich agqueous
solutions) found at a divergent plate boundary in the ocean, and remain the most efficient ore-
forming system and the largest such deposit found to date. The Atlantis Il Deep is a basin
roughly 10 kilometres (6.2 miles) in diameter at a water depth of 2 kilometres (1.2 miles) that
lies on the divergent plate boundary that rifted Africa from the Arabian peninsula about 10
million years ago and generated lithosphere at a slow full-spreading rate (2 centimetres or 0.8
inches per year) to account for the present width of the northern Red Sea (200 kilometres or
124 miles).

The largest known sulphide occurrence is located in the Red Sea, where
tectonic forces are pulling Africa and the Arabian Peninsula apart. Here, the sulphides are not
associated with black smokers, but appear in the form of iron-rich ore muds with high
contents of copper, zinc and gold. This occurrence, at a water depth of about 2000 metres,
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was discovered in the 1960s. Because of its muddy consistency, it appears that these deposits
will not prove problematic to mine, and this was successfully tested in the 1980s.

4.2 Polymetallic Massive Sulphides

In certain places of the ocean
the downwelling cold and heavy
seawater encounters hot or molten
rocks at depths of several kilometres
beneath the seafloor. The seawater is
then heated, expands thermally,
becomes lighter, and rises buoyantly.
As the hot seawater rises through
fractures in the ocean crust it reacts
chemically with the surrounding
volcanic rocks and dissolves metals.

assive sulphides form at black smokers

The solutions become enriched in metals as they flow upward through fractures. The
metal-rich solutions discharge at high temperatures (up to 400° C) from the seafloor into the
water column where the remaining metals precipitate as clouds of tiny crystalline sulphides
particles. These hot springs were named "black smokers' because the plume of metallic
sulphides particles discharging from a chimney-like structure formed by precipitation of
metallic minerals from the solutions resembles an active factory Chimney. Massive sulphides
deposits are extremely localized at sites where the right combination of heat, fluid circulation
pathways, metal sources and other factors focus the ore-forming systems.

The hot and molten rocks that heat the seawater circulating through the ocean crust to
form massive sulphides deposits and hot springs occur at sites along the two types of plate
boundaries.

= divergent plate boundaries
= convergent plate boundaries

Once formed a plate boundaries, the deposits are transported away from the
boundaries by the process of seafloor spreading.

4.3 Chromium, Nickel and Platinum Group Metal Deposits

Metallic minera resources of the Earth's mantle, which underlies the ocean crust, are
poorly known because of limited exposures of these deeper subseafloor rocks. The types of
deposits anticipated in the upper mantle comprise chromium in the form of chromite deposits,
and nickel- and platinum-rich sulphides mineral phases. These deposit types are potential
future sources of chromium and platinum group metals.

60



Proceedings of NSMR’16

5. Marine Mineral Deposits from Sources on Continents and in
Ocean Basins

5.1 Polymetallic Manganese Nodules
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Map showing occurrences of Manganese Nodules around the world

Polymetallic nodules typically range in size from that of a golf-ball to a tennis ball.
They lie partially buried on the surface of sediments that cover vast plains on the deep
seafloor (typica water depth 5 kilometres. These *abyssal” plains are the largest
physiographic province on Earth covering some 70 percent of the area of ocean basins and 30
percent of the Earth’s surface The upper portion of the nodules accumulates metals that are
precipitated from seawater . The lower portion of the nodules partially buried in sediment
accumulates metals from pore-water in the underlying sediments. The metal accumulation
rates are so slow that it generally takes millions of years to form a manganese nodule. The
metals come from two sources. The primary source is considered to be metals from rocks on
land as part of the weathering process and transported to the ocean by rivers. The secondary
source is meta-rich solutions that discharge through hot-springs at ocean ridges. Highest
values of metals in nodules occur in equatoria regions of oceans where the remains of tiny
plants and animals that concentrate the metals from seawater sink to the seafloor. Areas of
commercia interest in the eastern equatorial Pacific (Clarion-Clipperton zone) and in the
central equatorial Indian Ocean cover millions of square kilometers.

5.2 Cobalt-Rich Ferromanganese Crusts

Like manganese nodules, the crusts are sowly precipitated from
metals that are dissolved in seawater. The metals are derived from a
combination of sources comprising dissolution from continental rocks and
transport into the ocean by rivers, and discharge of metal-rich hot springs
in the deep ocean. Like manganese nodules the crusts contain a suite of
metals (iron, manganese, cobalt, nickel, platinum, and other metals), that
varies depending on proximity to different sources. Instead of
accumulating as nodules on the sediment surface of abyssal plains in the
deep ocean, cobalt-rich-ferromanganese crusts accumulate as extensive layers directly on
volcanic rock that forms submerged volcanic seamounts and volcanic mountain ranges. The
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crusts accumulate slowly over millions of years and attain a thickness up to 25 centimetres.
The large number of seamounts in the Pacific Ocean is favourable place for the occurrence of
cobalt-rich ferromanganese crusts.

6. Energy Resour ces of Ocean
6.1 Oil and Natural Gas

Thereisalong tradition of offshore natural gas and oil production. The United States
first coastal oil rigs were constructed in 1890. With drilling and extraction technology aso
becoming increasingly sophisticated, it is now possible to extract oil and gas at ever greater
depths. The water depth record for oil production is currently held by an internationa oil
company which produces oil from awell, located in the Tobago field, 2934 metres below the
surface of the Gulf of Mexico. The world’s growing energy hunger is driven to a large extent
by population growth in Asia and ongoing industrialisation in the emerging economies.
China, India and West Asian nations account for around 60 per cent of the world’s growth in
energy demand. Today, energy production still largely relies on the burning of fossil fuels:
natural gas, oil and coal.

Renewable Muclear energy Water power
energles 194.8 5993 7915
1.6% 9%

65%

World energy Production

6.1.1 For mation of Fossil fuel

Gas and oil form in the sea over a period of millions of years, as the remains of
animals and plants sink to the ocean floor. Combined with sand particles flushed from the
land, they are buried and compressed into layers of sediment several kilometres thick on the
ocean floor. Aided by the Earth’s pressure and temperature conditions, bacteria convert the
biomass into precursor substances from which hydrocarbons are ultimately formed. Oil
reservoirs were formed whenever the upward travel of the oil was blocked by impermeable
materials such as salt or clay layers. Depending on the ambient conditions, oil or natural gas
develops.

6.1.2 Thefutureof oil liesin our oceans

Since industrial oil extraction began in the mid-19th century, 147 billion tonnes of oil
have been pumped from reserves around the world — half of it during the past 20 years. In
2007 aone, oil consumption worldwide reached a total of about 3.9 billion tonnes.

Currently the conventional oil reserves — i.e. those which can be recovered easily and
affordably using today’s technology — are estimated to be a good 157 billion tonnes. Of this
amount, 26 per cent (41 billion tonnes) are to be found in offshore areas. The most productive
areas are currently the North Sea and the Gulf of Mexico, the Atlantic Ocean off Brazil and
West Africa, the Arabian Gulf and the seas off South East Asia.
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For some years now the trend has been towards drilling in deeper and deeper water. In
2007 oil was extracted from 157 fields at depths of more than 500 metres. In 2000 there were
only 44 such fields. Of these, 91 per cent are Situated in the so-called Golden Triangle in the
Atlantic between the Gulf of Mexico, Brazil and West Africa.

Next Energy Game-changer - M ethane hydrates

Methane hydrates are white, ice-like solids that consist of methane and water. The
methane molecules are enclosed in microscopic cages composed of water molecules.
Methane gasis primarily formed by microorganisms that live in the deep sediment layers and
dowly convert organic substances to methane. These organic materials are the remains
of plankton that lived in the ocean long ago, sank to the ocean floor, and were finaly
incorporated into the sediments.

Methane hydrates are only stable under pressures in excess of 35 bar and at low
temperatures. The sea floor is thus an ideal location for their formation: the bottom waters of
the oceans and the deep seabed are amost uniformly cold, with temperatures from 0O to 4

degrees Celsius. In
addition, below - — a water depth
of about 350 metres, the
pressure is sufficient  to
stabilize  the hydrates. But
with increasing depth into the
thick sediment layers on the
sea floor the temperatures
begin to rise again because
of the proximity  to
the Earth’s interior, so that
no methane hydrates can be
deposited.

Methane hydrate occurs in all the oceans as well as some locations on land.
White dots indicate occurrences identified by geophysical methods. The blue dots show
occurrences proven by direct sampling. The most important research sites and areas
wor ldwide ar e also highlighted with numbers.
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Where Arethe Methane Hydrate Deposits?

Four Earth environments have the temperature and pressure conditions suitable for the
formation and stability of methane hydrate. These are: 1) sediment and sedimentary
rock units below Arctic permafrost; 2) sedimentary deposits along continental margins; 3)
deep-water sediments of inland lakes and seas;, and, 4) under Antarctic ice. With the
exception of the Antarctic deposits, methane hydrate accumulations are not very deep below
Earth's surface. In most situations the methane hydrate is within a few hundred meters of the
sediment surface.

Arctic methane hydrate

deposits above and -

below lower limit of W [’R"{-l‘é”'-—'
permafrost

Hydrate
mounds
on seafloor

Slow seepage ofthemones

Methane hydrates therefore occur mainly near the continental margins at water depths
between 350 and 5000 metres. For one reason, enough organic material is deposited in the
sediments there, and for another, the temperature and pressure conditions are favourable for
methane to be converted to methane hydrates. The total global amount of methane carbon
bound up in these hydrate depositsisin the order of 1000 to 5000 giga tonnes.

Environmental impact of M ethane hydrates

At lower temperature methane hydrates are stable. But when the temperature of sea
water and sea floor increases, methane hydrates does not escape directly out of the sea as
methane because it is transformed into CO,. But the formation and release of carbon dioxide
are considerable. An additional problem is that the oxygen in seawater is consumed through
the formation of carbon dioxide. Furthermore, the CO, released not only contributes to
further global warming; it also leads to acidification of the oceans. Based on geological
records it can be assumed that hydrates have broken down on alarge scale numerous timesin
the Earth’s history, leading to extreme global warming and massive extinctions of organisms
on the seafloor. Further investigations are necessary to determine the scale at which changes
in the climate and oceans will accelerate in the future due to the release of methane gas at the
seafloor.



Proceedings of NSMR’16

ORAL PRESENTATION
MOLECULAR INTERACTION STUDIESBETWEEN

HIV-IN AND HUMAN LEDGF
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PG and Research Department of Biochemistry, Mohamed Sathak College of Arts and
Science, Sholinganallur, Chennai — 119.
PG and Research Department of Biotechnology, Mohamed Sathak College of Arts
and Science, Sholinganallur, Chennai — 119.

I ntroduction

The interactions between proteins are important for many biological functions. The
subject of protein-protein interactions represents a vast ensemble of results from biological,
biochemical and biophysical studies carried out to date and cannot be treated in its entirety in
any reasonable fashion.

Retroviruses are a large and diverse family of RNA viruses that synthesize a DNA
copy of their RNA genome after infection of the host cell. Integration of thisviral DNA into
host DNA is an essential step in the replication cycle of HIV and other retroviruses. An
infecting retrovirus introduces a large nucleoprotein complex into the cytoplasm of the host
cell. This complex, which is derived from the core of the infecting virion, contains two copies
of the viral RNA together with a number of viral proteins, including reverse transcriptase and
integrase. The full length HIV-1 integrase (288 amino acids) has three domains; the catalytic
core, the C-terminal, and the N-terminal domains. Although all three domains are required for
integration, it is thought that the catalytic core domain contains the active site responsible for
catalysis of al the reactions of integration/disintegration. The C-terminal domain confers the
capacity to bind both viral and host DNA. The structures of the catalytic core and C-terminal
domains have been determined separately. The structure and function of the N-terminad
domain are presently unknown, but it contains a His,Cys, zinc binding motif suggesting
interaction with nucleic acid.

In the case of lentiviral INs, integration site targeting is in large part guided by the
cellular chromatin binding protein lens epithelium derived growth factor (LEDGF)/p75,
which facilitates integration into active gene bodies (1-4). Ectopically expressed HIV-1 IN
accumulates in the nuclei of human cells (5,6), associates with chromatin (7), and forms a
tight complex with endogenous transcriptional coactivator p75 (4,8), which is aso referred to
as lens epithelium-derived growth factor (LEDGF). Binding to LEDGF appears to account
for the characteristic intracellular distribution of IN. RNA interference-mediated depletion of
LEDGF or overexpression of a nuclear localization-defective mutant of LEDGF disrupted
nuclear/chromosomal localization of HIV-1 IN (9-11). Conversely, the interaction-deficient
IN mutant Q168A was excluded from condensed chromosomes (12). Furthermore, interaction
with LEDGF protected HIV-1 IN from degradation through the ubiquitin-proteasome
pathway (13). LEDGF binds HIV-1 IN via a small, approximate 80-residue IN-binding
domain (IBD) within its C-terminal region (14, 15). The IBD is both necessary and sufficient
for the interaction with HIV-1 IN (14). The three-dimensional structure of the IBD was
recently determined by NMR spectroscopy, revealing an a-helicad domain that is
topologically similar to a pair of HEAT repeats (16). The CCD of IN possesses the main
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determinants for interacting with LEDGF, athough the NTD increased the affinity of the
interaction (8).

Targeting the HIV integrase (HIV IN) isaclinically validated approach for designing
novel anti-HIV therapies. One of the best characterized virus-host interactions, the integrase-
LEDGF/p75 interface opens a range of opportunities for lentiviral vector targeting for gene
therapy applications as well as for the development of novel classes of antiretroviral drugs.
For structure based drug design, the molecular mechanism of interaction between the
associated proteins should be explored. This has been known with protein-protein interaction
anaysis. Thus, the work will pave way to the design of small molecules against integrase
through structure based approach.

M ethodology

Step 1. Since, the project aims for the protein-protein interaction studies, the corresponding
proteins in it’s 3D structure was retrieved from PDB (Protein Data Bank). PDB id for HIV-1
Integrase: 1K6Y; PDB id for Human Core P75 protein: 2B4J

Step 2: To understand the structural basis for the interaction between HIV-1 IN and LEDGF,
the proteins in their 3D structure with 3D atom co-ordinates was subjected to PATCHDOCK,
freely available web server for molecular docking. The PatchDock method performs
structure prediction of protein—protein and protein-small molecule complexes. Once the
docking request is submitted, the PatchDock agorithm starts the prediction process. The user
is notified when the results are ready by an email message that contains a link to a web page
where the predictions are presented. On this page the user can both view specific predictions
and download a compressed file of the top scoring solutions. Given two molecules, their
surfaces are divided into patches according to the surface shape. These patches correspond to
patterns that visually distinguish between puzzle pieces. Once the patches are identified, they
can be superimposed using shape matching algorithms.

Results and Discussion:

Protein—protein interactions are critical for biological function. They directly and
indirectly influence the biological systems of which they are a part. A very useful source of
information about the interaction between two proteins is the 3D structure of their
macromolecular complex. Using this, it is possible to easily identify such details as the
residues that are directly involved with binding, the nature of the interface itself, and the
conformational change undergone by the protein partners. Protein—protein docking can be
defined as the determination of the complex structure between two proteins, given the
coordinates of the individual proteins. Protein protein docking can be further classified as
bound docking, which uses the structures from the complex structure as input, and unbound
docking, which uses the structures from the individually crystallized subunits as inpuit.
Protein docking will generaly output its best predictions for what the structure of the
complex would look like, along with scores for these predictions. As these scores are
heuristic, they are generally not energies and would not be a good criterion for determining
whether or not there will be an interaction. The initial stage performs a full coarse-grained
search and outputs approximately 1000-10,000 predictions. The refinement stage then
improves these predictions through energy minimization, followed by a more detailed
rescoring (and possibly clustering by position and score). Ideally, the top scoring prediction
output from the refinement stage will be similar to the correct complex.
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A) PATCHDOCK OUTPUT:

A web page that presents the top 20 solutions is automatically generated. The user
receives an email message with the URL of this page (a web link). The solutions are
presented in atable, arow for each solution. The geometric score, the desolvation energy, the
interface area size and the actual rigid transformation of the solution are shown. A link to a
PDB file that presents the docking solution is also available in each line. The user may view
or download it. There is aso an option to view additional, lower ranking solutions by
pressing the ‘next 20 solutions’ button at the lower right corner of the table. In the solutions
page an option to download the top scoring solutions is available. The solutions are
downloaded as a compressed file in ZIP format. This compressed file contains the PDB files
of the top scoring solutions. The best possible solutionsin the PDB form can be viewed using
any of the visualization tools. The results of patchdock and the scores predicted was
summarized in Table 1. The best possible pose as given by Patchdock web server was
visualized using Swiss Pdb Viewer [Figure 1]. On the basis of the above results, it could be
suggested that residues GIn168, Glul70, and Thrl74 in chain A of IN, Thrl25, and Trp131in
chan B of IN as well as [1e365, Asp366, Phed06, and Val408 in LEDGF/p75 were
responsible for their binding. These results might be helpful for discovery and design of small
molecules to interrupt the interaction between HIV-1 IN and LEDGF/p75.

Table 1. Molecular Docking Algorithm Based on Shape Complementarity
Principles

Solution No  |Score Area ACE Transfor mation PDB file of the complex
1 a2 puero fwos (L7 06210 266680 BOTIOBN ieqyqp
2 13226  [1795.70  [441.08 ;1%3%74792 86%33130 Ry et result.2.pdb
3 [12000 160040 pgBoz [P0 048132 264833 8329907 result.3.pdb
4 12458 [1773.00 [487.12 égﬁi&s 39%6229254; SALEE DA ST result.4.pdb
5 [12400 |1477.80 |[341.91 357 2%61557 7;2‘313222 LRl et result.5.pdb
6 12222 [155330 [16217 | peor 0070 250491 A00.77625 result.6.pdb
7 12150 |193840 [482.37 '7%%%1924% 9591'23358 A G result.7.pdb
8 12128 [213000 [par80 [0 2 DOWIST 085524 7184268 result.8.pdb
9 [12076 |1794.70 |-13.49 ;129'_4(1)62%2 469'71198%2 TaRlEs  WEEAEEL result.9.pdb
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0.58934 -0.01174 2.77113 104.29948

10 [11982  [2065.70 4143 o o0 2 aaon result.10.pdb
11 [11962 [174560 |46.17 gg ?2228 7;%2;30 LS A result.11.pdb
12 (11880 [1550.50 |[159.67 26%%%%951. ég.l?:gss LIS T result.12.pdb
13 [11790 [1650.00 [0.88 i'?gg%gs 5&93'1252’%)4 By dHEUES result.13.pdb
14 (11710 [1804.40 [348.42 ;.)23'%5663‘(‘.;; 34'_2'4:3228155 R e result.14.pdb
15 [11670 [2103.00 [140.52 42153421227 55?62%;%33 E0E s i Tie result.15.pdb
16 [11608 [1856.80 [349.57 éggigz;gl.ossaz POl result.16.pdb
17 [11596 [1598.20 [214.70 32%37191 - 2‘36123?7 el s result.17.pdb
18 [11566  [1520.10  |459.07 '321'%‘;72%22 50_17'82328 s O result.18.pdb
19 [11550 [1535.20 [328.18 éﬁggﬁozs{% Calbis IRl e result.19.pdb
7 |uGen |imsam  emman  |PLUSED SMEMAL - dAehY B result.20.pdb

49.93076 67.36010

Figure 1: Best Docked Pose
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Web resour ces:

www.rcsh.org
http://bioinfo3d.cs.tau.ac.il/PatchDock/

1nar.oxfordjournals.org/
www.pubmedcentral .nih.qov/
www.nchi.nlm.nih.gov/sites/entrez
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GENERAL INTRODUCTION

Actinomycetes are aerobic, spore forming gram-positive bacteria, belonging to the
order Actinomycetales characterized with substrate and aerial mycelium growth (Lechevalier
and Lechevalier, 1981). The ocean cover contain over 2, 00,000 invertebrate and algal species
(Mac Connellet al., 1990). These organisms live in complex communities and in close
association with other organisms both macro (algae, sponges,) and micro (non-filamentous
bacteria, fungi and actinomycetes) organisms (Wright, 1998). Among the multitude of diverse
organisms in the marine environment; marine microorganisms stand out as excellent source of
many useful metabolites. Because of the diversity of marine organisms and habitats marine
natural products encompass a wide variety of chemica classes. It is well understood that
marine microorganisms have been largely unexplored as a source of bioactive agents for
industrial applications. Actinomycetes are the most economically and biotechnologically
valuable prokaryotes. They are responsible for the production of about half of the discovered
bioactive secondary metabolites (Berdy J, 2005). Among actinomycetes, the genus
Streptomyces has long been recognized as a rich source of useful secondary metabolites and
continues to be amajor source of new bioactive molecules (Miyado, 1993; Berdy, 2005). They
are the origin of a good number of marketed antibiotics which used against most resistant
bacteria causing important community acquired infections include methicillin resistant
Saphylococcus aureus (MRSA).

A critical element in a drug discovery based on microbial extracts is the isolation of
unexploited groups of microorganisms that are at the same time good producers of secondary
metabolites. Few of the antibiotics produced by actinomycetes are included in this review along
with their activities to prove the versatility of this powerful microbial organism. Many
ecologica niches still remain unexplored yet which needs to be studied for a greater diversity
of novel actinomycetes. Different strains of actinomycetes generaly produce different
compounds. For this reason intensive efforts can be increased for isolation and screening of
new strains to discover new compounds. The present investigation was made an attempt to
explore marine actinomycetes for their bioactive potential against fish bacterial pathogens.

MATERIALSAND METHOD
Sampling site Description

The soil sample was collected from Tirupullani coastal sand deposits in the South
Eastern Coast of Tamil Nadu.

Collection and processing of Sample
The sediment and the soil samples were collected during the month of December
2014. Sediment samples taken from 15cm depth and suspended in distilled water.
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| solation of marine actinomycetes

Starch casein agar medium (g/l) starch-10, Casein-0.3, KNO3-2, NaCl -2, K,;HPO,-2,
MgS0,.7H,0-0.05, CaCOs3-0.02, FeSO,.7H,0-0.01 and agar-18; and supplemented with
cycloheximide (50 mg/l) and naidixic acid 20 mg/l was used for the isolation of
actinomycetes. Actinomycetes agar was also been used for the sediment samples were
approximately diluted with seawater or saline and an aliquot of 0.1 ml was spread over the
medium with a sterilized bent (L) rod and plate spinner. The inoculated plates were incubated
at 30°C for 7 to 10 days. The actinomycetes colonies that developed on the plates were
counted and numbers were expressed in colony forming units (CFU). The colonies were
picked out and purified before being stored in starch casein agar slants.
| dentification and characterization of isolated cultures

Purified isolates of actinomycetes were identified using morphological and cultura
characteristics by the methods as described in the International Streptomyces Project (1SP)
(Shirling and Gottlieb, 1970).

Extraction of pigment produced by actinomycetes

To extract pigment, 100ml of actinomycetes broth cultures were centrifuged at 8,000
rpm for 10 min at 4°C. The supernatant was separated and methanol was added to the pellet
and followed by centrifugation a 10,000 rpm for 10 min at 4°C. Then the pellet was
transferred into watch glass and allowed it to dry until the solvent evaporated and brown
colored powder appeared. Extraction procedures and analysis tests were conducted in dark
conditions.
Spectroscopic Analysis

The samples extracted with methanol solvent were scanned between 200nm and
500nm using UV-Visible scan Spectrophotometer (Shimadzu-1650 PC) and it shows
individual peaks for respective melanin pigment with their optical densities.
TLC Analysis of melanin pigment

Qualitative analysis of melanin in the experimental sample was carried out by using
Thin Layer Chromatograpy (TLC). Then, applying slurry made by silica Gel G for TLC
grade and applied over the glass plate, TLC plates were made. This was dried at 60°C for an
hour of period. The dried plates were pre-activation base line.

After that, 3pl condensed melanin pigment samples were spotted on the baseline of
the TLC plates at 1.0cm interval and then alowed to dry at room temperature. Often the
sample applied on TLC plates was placed in a pre-saturated TLC chamber contains mobile
phase. (Hexane: ethyl acetate the ratio of 1:9).Then the chromatogram was developed by
providing the dark environment up to a distance of 15cm mark. Then the plate was taken out
dried for few min. Using UV light torch, the developed spots were seen and taken out and
marked. The distance travelled by each spot in baseline and relative Ry values were
calculated. By comparing the standard Ry values for the chosen mobile phase, the melanin
pigment present in the samples were identified.

Compound distance from origin
Rz
The solvent front distance from origin
HPLC analysis

The spot obtained from thin layer chromatography was redissolved in methanol and
was subjected for HPLC analysis on Schimazdu, LU-10AT VP HPLC available at science
instrumentation centre, ANJA College, Sivakasi. Results were recorded.
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FTIR analysis
The fraction obtained from the TLC was redissolved in acetone and was subjected for
FTIR analysis on FTIR Schimazdu 8400S, available at Research Department of Chemistry,
VHNSN College, Virudhunagar. Results were recorded.

Extraction of antimicrobial melanin metabolites, from marine Streptomyces sp
Screening of antibacterial activity using well diffusion method

The antimicrobia activities of cell free pigment extracts were tested against different
test organisms by using agar disc diffusion method as described by Kirby-Bauer with
modification. Late exponential phase of the test bacteria were prepared by inoculating 1%
(v/v) of the cultures into the fresh Muller-Hinton broth and incubating on an orbital shaker at
37 °C and 100 rpm overnight. Before using the cultures, they were standardized with a final
cell density of approximately 10° cfu ml. Muller-Hinton agar were prepared and inoculated
from the standardized cultures of the test organisms then spread as uniformly as possible
throughout the entire media. Well was made in Muller-Hinton agar each seeded with test
organisms. The about 100ul of melanin pigment was added to each well. The antibacterial
activities of the extracts were recorded. Antibacteria activity was evaluated by measuring the
diameter of inhibition zone (mm) on the surface of plates and the results were reported.

Antibacterial activity of fish pathogens

For antibacterial assay three different concentrations of (25, 50 and 100 pl) of cell free
pigment filtrate extracted with Ethylacetate was taken, by following well cut method,
screened against the test pathogens, seeded on Muller-Hinton agar plates. The fish pathogens
viz., Aeromonas hydrophila, Vibrio harvei, Vibrio parahaemolyticus, Serratia sp and
Bacillus subtilis which is obtained from Centre for coasta studies. Division Marine
Microbiology and Infectious medicine. Alagappa University Thondi campus, Thondi, Tamil
Nadu.

RESULTS

Population diversity of melanin actinomycetes was studied in the sand deposit soils
collected from Tirupullani Coastal Region. It was observed that the highest (4.7x10° CFU) of
Streptomyces in calcareous sand deposit then compared with other isolates. (Table-1).

Table-1. Actinomycetes population at collection site

CFUx10%f Samples
Sampling site Sample type
Streptomyces Other
Tl Wp“”a”' coastal Sand deposite 3.3 2.7
region
Calcareous deposites 4.7 1.3

The isolated marine Streptomyces sp was characterized based on morphological,
cultural and physiological properties. It was observed that among the various media such as
Starch casein agar, Glycerol asparagine agar, Tyrosine agar, Nutrient agar, 1SP6 agar,
Actinomycetes isolation agar used for the cultivation the marine Streptomyces exhibited good
growth pattern on starch casein agar, glycerol asparagine agar and 1SP6 agar respectively, poor
growth was observed on Nutrient agar media. The coloration of aerial mycelium of marine
Streptomyces sp varied from white, whitish yellow, oily brown, pink, yellow, Diffusible green
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and Fluorescent green. In case of substrate mycelium whitish yellow, pink, yellow, Diffusible
green, Fluorescent green and White was appeared on various media used. Dark brown
pigmentation was observed in |SP6 media used for the cultivation. (Table-2).

Table-2. Cultural characteristics of Streptomyces sp on various Growth medium.

Culture media Isolated strains Aerial mycelium Substrate mycelium
I SP6 agar Act-1 Brown with silver shine Brown
Act-7 Ash Dull brown
ISP7 agar Act-1 Diffusible green White
. Act-1
Actinomycetes White Dull white
isolation agar
Act-2 Dull white Pink
Act-3 White Pink
Act-4 Pure white White
Act-5 Fluorescent green Y ellowish fluorescent
Act-7 Ash Dull white
Act-6 Light ash Light pink
Starch  casein Act-8 Yellow Yellow
agar
Act-8 Yellow (Dry) Dull Yellow
Act-8 Y ellow (Shiny) Y ellow

As part of characterization of marine actinomycetes, the sensitivity / resistant pattern
with commercialy available 13 antibiotics were screened against marine Streptomyces sp.
Among the antibiotics the marine Streptomyces sp exhibit resistance to Ampicillin, Amikacin,
Cloxacillin, Cephalexin, Ceftazidime, Cefixime, but Vancomycin, Rifampicin, Norfloxacin,
kanamycin, Clindamycin, Ciproflaxacin, Bacitracin showed sensitivity to Streptomyces
sp.(Table-3)
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Table-3.Characteristics of marine Streptomyces. sp against commer cial antibiotics.

Name of the antibiotics Sensitivity/Resistance to antibiotics

Ampicillin

Amikacin

Bacitracin

Cloxacillin

Ciprofloxacin

Cephalexin

Clindamycin

Ceftazidima

Cefixime

Kanamycin

Norfloxacin

Rifampicin

n | n  nln|BD|V| | n|D|ln|0|0

Vancomycin

S: Sensitive; R; Resistant

The different concentration such as 25 pl, 50ul and 100ul of cell free extract of melanin
pigment antimicrobial metabolite was screened against five fish bacteria pathogens viz.,
Vibrio harvei, Vibrio parahaemolyticus, Aeromonas hydrophila, Serratia sp. and Bacillus
subtilis all the bacterial pathogens are susceptible to cell free melanin extract of marine
Septomyces sp.Among the fish pathogens Bacillus subtilis was found to be more susceptible to
antibacterial metabolite of marine Streptomyces sp which showed 19mm of inhibition followed
by this Vibrio parahaemolyticus (17mm), Vibrio harveyi(16mm) but less response was
observed with Serratia sp (14mm).(Table-4)

Table-4.Antibacterial activity of cell free melanin pigment metabolite of Streptomycetes sp
against fish pathogens

Test organisms Zoneof inhibition (mm dia)

Fish pathogens 25 pl 50ul 100pl

Vibrio harvel 7 13 16
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Vibrio parahaemolyticus 10 16 17
Aeromonas hydrophila 8 15 16
Serratia sp. 7 12 14
Bacillus subtilis 9 17 19

TLC Identification of melanin metabolite.

The extracted melanin metabolite separated by thin layer chromatography. Single separated
band of pinkish color was observed in Thin Layer Chromatography. The Rf value of active
melanin compound was 0.75cm in thin layer chromatography. Single separated spot which
appeared as pinkishin color.

Fig.1.HPL C analysis of melanin metabolite

AMNIAC

Single separated spot which appeared as pinkish in color corresponds to R; value of
melanin pigment through TLC analysis was further subjected for HPLC analysis to determine
the Retetion time of the melanin metabolite the retention time of 3.45 indicates the presence
of melanin derivatives.(Fig.1).

FTIR analysis

Melanin pigment extracted from marine Streptomyces sp was further subjected for FTIR
analysis to determine maor functional groups of melanin pigment. The peaks were obtained
at 3402.43, 2926.01, 2854.65, 1735.93, 1633.71, 1523.76, 1460.11, 1404.18, 1234.44,
1114.86, 1076.28, 927.76, 806.25, 754.17, 719.45, 669.30, 619.15, 536.21 and 424.34.

The peaks 3402.43cm™ relates to amino second group (NH), 2926.01cm™ relates to
Hydroxy(OH), C-H stretch bond,Methane (CH) group.1633cm™ relates to amino group with
NH, strech. 1234.44cm™ relates to anhydride group (C-O),which indicates the functional
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groups of melanin pigment from this result it was suspected that the isolated melanin pigment
may be eumelanin because of lack of N group (Vasanthabharathi et al.,2011).

Spectroscopic analysis of melanin pigment

The extracted melanin pigment of Streptomyces sp was subjected for UV spectroscopic
analysis. The A max of melanin metabolite was found to be in the range of 259nm to 396nm,
it indicates that the presence of melanin derivativesin the cell free pigment preparation.

DISCUSSION

Microbia diversity is one of the difficult areas of biodiversity research, estimation of
microbial diversity required for understanding the biogeography, community assembly and
ecological processes. Marine microorganisms which are salt tolerant, have diverse range of
bioactive potential, enzymatic activity. The secondary metabolites produced by halophilic
microorganism have higher therapeutic potential with less toxicity when used for therapeutic
application to humans (Sabu, 2003). Actinomycetes are thus well adapted members of marine
microbial community, have provided many important bioactive compounds of high
commercial value. About 61% of all bioactive microbial metabolites were isolated from
actionmycetes especialy from Streptomycetes and also from rare actinomycetes. It has been
emphasized that actinomycetes from marine sediment may be valuable for the isolation of
novel strains of actinomycetes which could potentially yield useful products.

In this present investigation the diversity of the actinomycetes population particularly
on marine Streptomyces was studied in Tirupullani coastal sand deposits of South Eastern
Coast of Tamil Nadu. It was revealed that 10° dilution of calcareous deposit consist of
4.7x10°CFU. The population dynamics are influenced by the available nutrients and
pigments from the ecosystem. The occurrence and distribution of different genera of marine
actinomycetes the frequency of the genus Streptomycetes was 57.4% in the Palk Stait region
of Bay of Bengal. (Ramasamy Vijayakumar et al., 2007).

The present study made an attempt to characterize the isolated Streptomyces sp with
reference to various media preferences and response to various commercia available
antibiotics. The Streptomyces isolates ACT-1 which was luxuriantly supported by the
cultivation medium ISP6, 1SP7 and actinomycetes isolation agar with brown pigmentation in
ISP6 agar. Various cultural characteristics were observed and recorded which are the key
factors for the chemotoxonomic evaluation of the various species of actinomycetes. (Kavitha
and Vijayaakshmi 2007).

Mahmoud marbrouk (2013) reported that among the different isolated which were
isolated from different localities of Egypt subjected for growth in different cultivation media
such as Tyrosine liquid medium, Shinobu’s synthetic tyrosine medium, Peptone yeast extract
medium, showed pigment production in only one isolate exhibit melanin and identified as
Streptomyces torulosus.

The present study also found that the formation of melanoid pigment by the isolated
marine Streptomyces sp. The Dark brown colour pigmentation was measured their absorbance
was noted with A max of 365 and 395 nm by UV spectroscopy. The effect of various carbon,
nitrogen, pH and salinity on the pigment formation with reference to biomass was also been
assessed, glycerol and the nitrogen source lysine was found to favor the pigmentation when
supplemented with medium B at 1 % level.1.5 % of NaCl and neutral pH has significant impact
on the melanin pigment formation and the cell mass by marine Streptomyces sp. The
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pigmentation of Streptomyces sp is distinct enough to allow ready delineation in most
Streptomyces cultures when combined with other fundamental features when complex organic
media is employed. Das et al (2006) has reported that the production of melanin by
Streptomyces has influenced by the supplementation of L-tyrosine as a substrate and fructose as
a carbon source among the nine strains of Streptomyces isolated from different location of
Gulbarga India

Characterization of melanin pigment produced by marine Streptomyces sp was done
with UV spectroscopic analysis. The absorption maximum for (A max) melanin found in the
range of 254-366nm. It was supported by the studies of Vasanthabharathi et al., (2011). Brown
black pigmentation of Streptomyces has been referred to as melanin several types of melanin
has been described:eumelanin,pheomelanin,allomelanin and pyomelanin. Each of the types
exhibit different absorption maximum in UV spectrum.

As part of the investigation the cell free supernatant of marine Streptomyces sp was
screened against fish bacterial pathogens with three different concentrations. Broad inhibitory
activity was observed in fish bacterial pathogens. Zone of inhibition of the melanin metabolites
is based on the better diffusibility of the substances and also the chemica nature of the
metabolite that exhibit biological activity. It was observed that the maximum B. subtilis
inhibition was found against (19mm) in 100ul concentration of melanin. Most of the
biologically active substances such as sapurimycin, aminocyclopentane carboxylic acid,
altemidicin, 4 Phenyl 3 butenoic acid has been reported from Streptomyces koyangenesis. (Jee
yeon et al., 2005). Recently the marine actinomycetes was isolated from sundrbans of Bay of
Bengal, India, which exhibited potent antimicrobia activity against Gram-positive and Gram-
negative bacteria, moulds yeast and several multiple Drug resistant bacteria. (Saha 2005).
Hayakawa et al. 2004 reported that Broad spectrum of antimicrobia activity against B.subilis,
M.luteus, Staphylococcus aureus, Smurinus,C.albicans and S. cerevisiae and filamentous fungi
A.niger,A.oryzae and antitumor activity reported from soil Streptomycetes isolate
Streptomyces albidoflavus, Sdiasticus and S.chromofuscus. Charusharma et al.,(2014) reported
that sixty distinctly pigmented isolates wave showed antagoninstic activity against test
bacterium Saphylococcus aureus(MTCC737),Bacillus subtilis(MTCC 441),
E.coli(MTCC739). Among the isolates Bacillus subtilis was highly susceptible to the
metabolite of isolated actinomycetes.

The extracted melanin pigment was subjected for TLC, HPLC and FTIR anaysis for
partial characterization. It was observed that Rs value of melanin pigment of Streptomyces. It
was found to be 0.75. Tindal, B.J, (1993) reported that the compound extracted from
Streptomyces coelicolor strain sub (JQ828940). Single separated band was onserved in Thin
Layer Chromatography and the R; value of active compound was 0.4cm in TLC. Menin
pigment extracted from Streptomyces sp was further elucidated with HPLC and FTIR analysis.
It was observed that the retention time of 3.45indicates the presence of melanin derivatives.
R.O. Rajesh, (2013) reported that antimicrobial metabolite of Streptomyces was characterized
by HPL C showed retention time of 3.483 and 7.650 indicates antibiotic live metabolites.

The peaks 3402.43cm™ relates to amino second group (NH), 2926.01cm™ relates to
Hydroxy(OH), C-H stretch bond, Methane (CH) group.1633cm™ relates to amino group with
NH, strech. 1234.44cm™ relates to anhydride group (C-O),which indicates the functional
groups of melanin pigment from this result it was suspected that the isolated melanin pigment
may be eumelanin because of lack of N group (Vasanthabharathi et al.,2011)
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CONCLUSION

The melanin pigment was extracted and partially characterized by chromatography
anaysis. As the melanin pigment showed potentia bioactivity against fish bacteria
pathogens.The conservation and utilization of biological diversity requires comprehensive
knowledge about the species distribution. Recent anthropogenic interventions in marine
environment have lead to the study of marine microbia diversity is of vital importance to the
understanding of different processes of the ocean, which may present potent novel
microorganism for screening of bioactive compounds. Actinomycetes are thus well adapted and
are functional members of the marine microbial community moreover the present investigation
has evolved that coastal area of Tirupullani (South East Coast of Tamilnadu) as a source of
marine actionomycetes. In view of broad antibacterial spectrum with increasing of antibiotic
resistance, attempts has to made to complete characterization of the bioactive metabolite
produced by marine Streptomyces sp.
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I ntroduction

Aquaculture is one of the fastest growing food production systemsin the world, which
has emerged as an industry possible to supply protein rich food throughout the world (Prasad,
1996). Presently, aquaculture is facing heavy production loss both in hatcheries and grows
out systems due to disease outbreak. Use of probionts has been proposed as a measure to
maintain healthy environment in aquaculture and to prevent occurrence of disease (Lipton,
1998).

Fish feed is the most expensive input in aguaculture operation. The shortage and high
cost of pelleted feed severely constrained the development of low cost aquaculture systems
suitable for small scale farmers in the developing countries. It would therefore be more
economical to utilize plant protein in fish feeding than high cost animal protein materials.
Cellulose is the major complex carbohydrate in plant cell walls. Coverings, potato peelings
carry most of the cellulose. Potato peelings are, more often than not, just treated as
unnecessary wastes. Use of Potato peelings will partly solve the problem of waste disposal at
the same time maximize its use (Annadurai et al., 2002; Essien et al., 2005). Hence, the
present study was taken up to investigate the effect of probionts, Bacillus and Potato peel
powder on growth response and food utilization in pearl spot, Etroplus suratensis.
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M ethodology

The branded feed ingredients such as fish meal, groundnut oilcake, wheat bran,
soyameal, tapioca powder, vitamin, mineral mix and cod liver oil were purchased from
commercial merchants. In addition to this, probiotics, Bacillus was isolated from the gut of
Estuarine Pearl spot Etroplus suratensis. Based on the suitability, different ingredients were
selected for feed formulation. Three different types of diets (DietA and DietB) with 40%
protein were compounded separately by mixing different ingredients with 2% potato peel
powder (experimental Diets A) and 2% CMC (control Diet B) at various proportions. Then
the probionts Bacillus was added as feed additives at 1% in Diet A. Diet C was used as the
control, without addition of probionts.

Results and Discussion

After acclimatization, the heathy fishes were weighted individually (15.00+£0.20g).
They were reared at the rate of 3 numbers/ 121 water and fed ad libitum. The leftover food
and feacal matters were removed and dried at 800°C in an oven. Four replicates were
maintained for each feed randomly. During the experiment, which lasted 91 days, water
guality was maintained. During the experimental period of 91 days, the Specific Growth Rate
(SGR) of E.suratensisfed on Diet A was high (0.73+0.27%) and low in control diet (Diet C).
The consumption rate of E.suratensis fed on control diet was maximum
(38.62+0.86mg/g/day) and minimum (29.70+0.56mg/g/day) in Diet A (Table 1). The
production rate of E.suratensis was high in probionts Diet A fed group (14.2+0.17mg/g/day)
whereas, it was low in control Diet B fed group (10.8+0.26mg/g/day). The present
observation is in congruence with the findings of Paulmony (1996). He reported that the
probiont yeast supplemented diet significantly influenced the growth, food conversion ratio
and specific growth rate of Cyprinus carpio.

Parameters . Growth 'r&epons&e
Diet A Diet B
Initial wt(q) 15.0+0.60 15.00+0.20
Final wt(g) 29.2+0.45 25.8+0.75
Production(g) 14.2+0.17 10.8+0.26
Food consumed(g) | 29.70.83 38.62+0.86
FCE (%) 30.96+0.76 | 27.96+0.65
SGR (%) 0.73+0.27 0.59+0.32
FCR 2.09+0.45® | 3.53+0.23

Table 1. Overall growth responses of E. suratensis fed on experimental diets (Diet
A) and control diet (Diet B) during 91 days of feeding experiment.

The biochemical composition of muscle of experimental fishes such as protein,
carbohydrate and lipid were analysed following the method of Lowry et al., 1951; Roe, 1955
and Folch et al., 1957 respectively. The muscle, gill and gut of E.suratensis after the
termination of the experiment is given in Table 2. After experimental period of 91 days, the
biochemical components such as protein, carbohydrate and lipid contents in the muscle, gill
and gut samples of experimental fish were higher than control diet fed fishes. Only limited
number of studies has been carried out on the infuence of probiotics on fish. Addition of
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probionts and feed additives in the diet increased the growth rate by accelerating the secretion
of certain enzymesin fishes (Das, 1975).

Biochemical Fish samples
composition .
P Muscle Gill Gut
DietA DietB DietA DietB DietA DietB
Protein 40.96+0.14 33.46+0.20 32.45+0.14 27.15+0.12 27.36+0.17 23.36+0.14
Carbohydrate 4.73+0.01 3.06+0.01 3.42+0.01 2.00+£0.01 3.12+0.02 2.25+0.01
Lipid 3.53+0.02 2.86+0.02 3.12+0.02 2.08+0.12 2.34+0.01 1.82+0.01

Table 2. Biochemical composition of muscle, gill and gut samples of E.suratensis fed on
DietA and DietB

The present study shows considerable weight gain in E.suratensis fed with probiont
supplemented diets than control diet. The consumption rate of experimental groups did not
vary much, but the rate of production varied significantly in fishes fed with these diets. The
probionts administrated through diet might choose binding sites in the intestine, preventing
colonization by pathogens. So far results with probiotics to reduce disease prevalence among
commercialy produced finfish, have been disappointing. However, the principles behind
their use remain sound and their full potential needs to be explored further.

Conclusion

The present work proved the effect of varoius bacterial probionts and vegetable waste
on increased growth of E.suratensis. The results will be further used in aquaculture industry
for large scale production of E.suratensis under controlled environmental conditions. Further
more this work can be extended in aspect of application in various other fishes also using
different sources of food waste.
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CHARACTERIZATION OF EXTREME HALOPHILIC BACTERIA
HALOBACTERIUM SODOMENSE ISOLATED FROM SALTPAN

Berciya Golda.P and Palavesam.A
Department of Animal Science, Manonmaniam Sundaranar University,
Tirunelveli-627012.
Introduction:

Solar salterns present a man-made ecosystem consisting of a discontinuous salinity
gradient. Hypersaline habits constitute a typical example of extreme of environments in
which relatively low microbia species diversity can be found (Brock, 1979). Hypersaline
environments include water and soil habitats. Hypersaline waters derived from the
concentration of seawater by evaporation are wide spread throughout the world, and they
probably represent the natural habitat of halophilic bacteria (Brock.,1979). The magjority of
extremely halophilic bacteria are included in one the three primary phylogenetic groupings,
the so called archaebacteria (Woese and Fox, 1977). The main characteristics of the family
Halobacteriaceae are: Rods, cocci, a multitude of involution forms (discs, triangles etc.,).
Require a least 1M NaCl for growth. Red pigmentation due to the presence of
bacterioruberins (C50 carotenoids) in the cell. Lack of muramic acid—containing
pedtidoglycan in the cell envelope. Membrane lipids composed of ether linked isoprenyl
phosphoglycerides (Larsen, 1984).The extremely halophilic bacteria are widely distributed in
brines containing very high salt concentrations.

Antibiotics produced as secondary metabolites by microorganisms are generally used
as chemotherapeutic agents. Although there are thousands of antibiotics, only a few are
widely used as drugs and chemotherapeutants for treatment of infectious disease caused by
microbes. Resistant strains have appeared among the disease causing microbes due to the
indiscriminate use of these therapeutic antibiotics. Most of these antibiotics are of microbial
origin of the terrestrial environment. This has forced the scientific community and
pharmaceutical industry to search for novel bioactive substance from unexplored sources.
Initial studies have shown that compounds isolated from marine microorganisms exhibit
antibiotic, antitumor and other pharmacologica activities (Bernan et al., 1997). The main
objective of this experiment isto isolate and characterize of Halophilic bacteria from saltpan.
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Materialsand Methods:

The water sample was collected from the crystalizer pond (Plate 1) of
Thamaraikulam salt pan, Kanyakumari District, Tamilnadu (Plate 1). The temperature and
sdinity of the water in the saltpan was noted using Celsius Thermometer and Salinity
Refractometer. The sample was transported immediately (within 4 hours of collection) to the
laboratory and bacterial analysis was made. Known weight of the sample was washed with
known volume of sterilized distilled water by shaking on arotary shaker. The sample was 10
fold seriadly diluted and plated on Halobacteria medium (59 yeast extract, 5g casamino acids,
1g Na-glutamate, 2g KCI, 3g Na -citrate, 20g MgSO .7H O, 200g NaCl, 36mg FeCl. 4H O,
36mg MnCl. 4 H O, 1000mL distilled water, pH was adjusted to 7.0-7.2) and Nutrient broth
containing 100 g/L NaCl, in shaking incubator at 25°C and 120 rpm for 20 days at 25°C. .
The cell density in the culture was monitored with UV-VIS scanning spectrophotometer
(UV2101 pc, Shimadzu) by measuring the absorbance at 560 and 600 nm. The bacterium which
showed rapid growth in halophilic broth was then halophilic agar and incubated at 25°% for two days.
The isolated colony was identified as Hal obacterium sodomense with the results of following
biochemical tests: Gram staining, motility, acid production, catalase, starch hydrolysis,
gelatin hydrolysis, nitrate reduction, indole, casein hydrolysis, lipid hydrolysis, hydrolysis
H,S production. Antibacterial activities of antibiotics were evaluated against H. sodomense.
Antibiotic sensitivity was seen using eight antibiotics such as Amikacin, Ampicillin, Co-
trimoxazole, Kanamycin, Norflaxacin, Ofloxacin, Perfloxacin and Streptomycin.The activity
was higher in Kanamycin and no activity was observed in Ofloxacin and Pefloxacin.

Results:

The water sample collected from the crystallizer pond in the Thamaraikulam saltpan,
Kanyakumari District, Tamilnadu contained many bacteria including Halobacterium
sodomense (Plate 2). The data presented in the Table 1 shows biochemical test of H.
sodomense. Growth pattern of H. sodomense cultured in halophilic broth medium at room
temperature showed marked variation in growth pattern at 560 and 600nm ( Fig.1).

The effect of antibiotics on the inhibitory activity against Halobacterium sodomense
is presented in Table 3. Among the tested antibiotics, Kanamycin (30 mcg) showed
maximum inhibitory activity with the zone of inhibition of 25mm in diameter; whereas
Oflaxacin (5 mcg) and Pefloxacin (5mcg) showed no inhibitory activity against H.
sodomense. The no inhibitory action of the above two antibiotics indicated that the halophilic
bacteria H. sodomense has the antibiotic resistant to Oflaxacin (5 mcg) and Pefloxacin
(5mcg). The other antibiotics Amikacin (30mcg), Ampicillin (10mcg), Co-trimoxazole
(25mcg), Norfloxacin (10mcg) and Streptomycin (10mcg) showed inhibitory zones. The
inhibitory activity and the zone of inhibition of the antibiotics are presented in the plate 3 and

Plate 3
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Discussion:

The study of halophilic bacteria in the salt work of Kanyakumari district has been
under taken since 1999. Parameswari (1999) observed H. sodomense in the sat work of
Rajakamangalam, and Melbin Kala (1999) observed H. sodomense in the Tamaraikulam salt
work. Studies on the isolation and characterization of halophilic bacteria have been studied in
different salt works and saline environment by many authors. The growth rate of the
halophilic bacteria in the Dead Sea, salt works of Greece and salt pan of Israel (Oren, 1990)
have been studied.

Analysis of the data obtained for the antibiotic assay of Halobacterium sp. exposed to
different concentration of antibiotics such as Kanamycin, Ampicillin and Streptomycin
revealed that, most of the halophilic bacteria are resistant to the antibiotics except the few,
which are sensitive to the antibiotics. For instance, Prabha (2000) reported that H.
saccharovorum was sensitive to antibiotics, Ampicilin and Kanamycin. Similarly
Parameswari (1999), showed the sensitivity of H. sodomense to streptomycin. It is interesting
to note that, the same concentration of streptomycin showed sensitivity to H. sodomense.

From table 4, it is also understood that the resistance and sensitivity to an antibiotic
depends on Halobacterium sp. On comparing H. saccharovorum and H. sodomensg, it is
evident that both the species are resistant to Amikacin, Ampicillin, Kanamycin, Oflaxacin
and Streptomycin. It is observed that H. saccharovorum is resistant and H. sodomense is
sensitive to the antibiotics, norfloxacin and co-trimoxazole. The observation is vice versain
case of pefloxacini.e. H. saccharovorumis sensitive and H. sodomense is resistant.

Table 1 Biochemical characteristics of H. sodomense
(+ : positive; - : negative)

SI.No Tests H. sodomense SI.No Tests H. sodomense
1 Gram staining - 7 Nitrate Reduction +
2 Motility + 8 Indole

Acid production

Glucose + . .
3 Casein hydrolysis
Lactose - 9
Xylose +
4 Catalase + 10 Lipid hydrolysis +
Starch _
5 hydrolysis + 11 | Hydrolysis +
Gelatin _
6 hydrolysis - 12 H2S production

Table 2 Different characteristics of H. sodomense
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SI.No Tests H. sodomense
1 Cell shape Rods
2 Cdl dimensions(um) | 0.5-0.7x25-5.0
3 Presence of vacuoles -
4 Growth at 10°C -

Fig 1 Growth of H. sodomensein 50, 100, 150, 200, 250, 300 and 350ppt salinity
at 560 and 600nm

S0ppt 100ppt 150ppt

200ppt

7

Table 3 Antibiotic resistance of H. sodomense

SNo Name Qf 'ghe Symbol Conpt_ant_ration of Zone of Area of ,
Antibiotic Antibiotic (mcg) Inhibition (mm) | Inhibition (mm?)

1 Amikacin AK 30 20 314

2 Ampicillin I 10 18 254.34

3 Co - trimoxazole | Q 25 16 200.96

4 Kanamycin K 30 25 490.63

5 Norfloxation NF 10 23 415.265

6 Ofloxacin OF 5 0

7 Pefloxacin PF 5 0

8 Streptomycin S 10 22 379.94

Table 4 Comparison of antibiotic sensitivity in different Halophilic bacteria
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N Antibiotic Halophilic bacteria | Activity Reference
0
Amikacin(A )
1 K) Halobacterium Sensitive | Prabha(2000)
saccharovorum
(30 mcg)
Hal obacterium sodomense Sensitive Present study
Ampicillin(l i—
2 P O Halobacterium salinarium Resistant EIaz_an
Kocur and
Hal ococcus morrhuae Resistant Hogkiss(1973
)
Mullakhanbha
Hal oferax vol canii Resistant i and
Larsen(1975)
Tomlinson
Halobacterium Resistant and
saccharovorum Hochstein(197
6)
. . : Gonzalez et
Haloarcula vallismortis Resistant al.,(1978)
Rodriguez —
Haloferax menditerrane Resistant valeraet
al.,(19833)
Hal obacterium sodomense ,
Resistant Oren(1983c)
. . . Juez et
Haloarcula hispanica Resistant al.,(1986)
Halobacterium Resistant Franzmann et
lacusprofundi al.,(1988)
: : : Takashina et
Haloarcula japonica Resistant al.,(1990)
Halobacterium Sensitive | Prabha (2000)
saccharovorum
Hal obacterium sodomense .
Sensitive Present study
3 Co- | Halobacterium Resitant | Prabha (2000)
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(25 mcg)
Hal obacterium sodomense .
Sensitive Present study
Kanamycin( Elegari
K) Halobacterium salinarium | Resistant azari-
volcani(1957)
(30mcg)
Kocur and
Hal ococcusmorrhuae Resistant Hogkiss(1973
)
Mullakhanbha
Hal oferax volcanii Resistant i and
Larsen(1975)
Tomlinson
Hal obacterium Resistant and
saccharovorum Hochstein(197
6)
. , : Gonzalez et
Haloarcula vallismortis Resistant al.,(1978)
Rodriguez —
Hal oferax mediterranei Resistant valeraet
al.,(19833)
Hal obacterium sodomense _
Resistant Oren(1983c)
. . . Juez et
Haloarcula hispanica Resistant al.,(1986)
, . : Takashina et
Haloarcula japonica Resistant al.,(1990)
Halobacterium Sensitive | Prabha (2000)
saccharovorum
Hal obacterium sodomense .
Sensitive Present study
Norfloxacin Halobacteri
alobacterium :
(N7) (10 saccharovorum Resistant Prabha (2000
mcg)
Hal obacterium sodomense -
Sensitive Present study
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Ofloxacin(O

7) Hal obacterium Resistant | Prabha (2000
saccharovorum
(5Mcg)
Hal obacterium sodomense )
Resistant Present study
Pefloxacin Halch ,
(P7) obacterium Sensitive | Prabha (2000
saccharovorum
(5 meg)
Hal obacterium sodomense _
Resistant Present study
Streptomyci
n (S)(10 | Haloarcula hispanica Resistant Juez et
al.,(1986)
mcg)
. . . Takashina et
Haloarcula japonica Resistant al.,(1990)
. : : Gonzalez et
Haloarcula vallismortis Resistant al.,(1978)
Kocur and
Hal ococcus morrhuae Resistant Hogkiss(1973
)
Halococcus Sensitive Parameswari
saccharolyticus (1999)
Halococcus . Ventosa et
saccharolyticus Resistant a.,(1990)
I . Tomlinson et
Haloferax denitrificans Resistant al.,(1986)
Rodriguez —
Haloferax menditerrane Resistant valeraet
al.,(19833)
Mullakhanbha
N _ i and
Hal oferax volcanii Resistant Larsen(1975)
Hal obacterium . Franzmann et
locusprofundi Resistant al.,(1988)
. L : Elazari-
Halobacterium salinarium | Resistant volcani(1957)
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L - Parameswari

Halococcus salinarium Sensitive (1999)
Tomlinson
Halobacterium Resistant and
saccharovorum Hochstein(197
6)

Halobacterium Senstive Parameswari
saccharovorum (1999)

Halobacterium

Sensitive Prabha (2000
saccharovorum

Hal obacterium sodomense

Resistant Oren(1983c)

Halobacterium sodomense | Sensitive Parameswari
(1999)

Halobacterium sodomense | Sensitive Present study

Conclusion:
The results showed Halobacterium in the saltpan are extreme halophilic in nature. It
grow in media containing salt and were found to be much resistance to antibiotics.
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BIO-STIMULATING EFFECT OF MARINE ALGAE KAPPAPHYCUS
ALVAREZII'S SLF ON SOLANUM LYCOPERSICUM
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Melaneelithanallur, Tirunelveli — 627 953
South India. Email: mosel akshmi@gmail.com

Introduction

Organic agriculture is an eco-friendly construction management system that
encourages and boosts biodiversity and soil biological activity. It is centered on nominal use
of farm inputs and some management practices that restore, maintain and enrich green
harmony.
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Seaweed fertilizers can be used as a soil management, meanwhile most plants absorb
their nutrients through the leaves and applying it with a foliar method will benefit the plant.
As the plant engrosses sunlight, it will also absorb the nutrients in the fertilizer.There is a
long history of shoreline people using seaweeds, particularly the large brown seaweeds, to
neutralize the nearby land. They have a proper content of nitrogen and potassium. The large
amounts of insoluble carbohydrates in brown seaweeds act as soil conditioners and have good
moisture retention properties. In the late 1960s, Dr. T. L. Senn at Clemson University found
that high levels of natural plant hormones in seaweed, called cytokinin, stimulated plants,
providing a growth stimulator effect.

Seaweed has been used widely in South Asian countries for multipurpose application
such as food, animal feeds, fertilizers and others (Dhargalkar and Verlecar, 2009).The present
study endeavor to assess the fertilizer potential of Kappaphycusalvarezii’s Extract (SLF) in
endorsing linear growth and yield of Solanumlycopersicumplant.

Materials and M ethods

The freshly collected marine macro agae Kappaphycusalvarizii were rinsed
thoroughly with fresh water for removing accumulated salt. Then the rinsed materials were
homogenized at room temperature and filtered liquid was stored in an air tight container.
These filtrate was taken as 100% SLF. 20% diluted SLF was used for foliage spray to plant
Solanumlycopersicum.

Bag experiment was conducted from August to October, 2015. A mixture of red soil,
black soil, sand and farmyard manure in 2:1:0.5:0.5 was used to fill bag in order to uphold
substratum standardization. Certified seeds of Solanumlycopersicum were sorted out for
uniform size and used for sowing. Two sets of experimental bags (45cm height 30cm width
sized) were designed for this study. The first set of bags containing plant was treated with
compound chemical fertilizer 2g/bag (CHF)and second set of plantwas treated with diluted
SLF 50ml/bag at regular intervals (once in 20 days).SLF application done in early morning or
in the late evening.

The SLF treated seeds were sowed in SLF bags and non-treated seeds were sowed in
CHF bags. The effects of chemica fertilizer and the SLF on Solanumlycopersicumwere
anayzed from germination to yield.

Results and Discussion

Application of seaweed extract as organic bio-stimulant is a fast becoming accepted practice
in horticulture due to its beneficial effects (Verkleij, 1992).To meet the increasing demand of
organic fertilizer many viable options have to be explored (Chhaya, 1997) and one such
option is use of seaweed extracts as fertilizer (Zodape, 2001).Soaking seed with liquid
seaweed prior to planting will improve seed germination, root growth and early seedling
vigor.(http://www.growgreatvegetables.com/fertilizers/liquid-seaweed-fertilizer/) and this
statement was proven by this experiment (Table — 1; Picture— 1: A).
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Table- 1. CHF and SLF effects on Solanumlycopersicumseedlings.

Fertilizer | Germination Primary leaf | Shoot length Root length | Number of
length secondary roots

CHF 6" day 1.1+0.05 43+0.2 31+04 2 £0.02

SLF 4" day 32+03 52+0.3 47+0.3 9102

Mean = 10 + SD; CHF — Chemical Fertilizer; SLF — Seaweed Liquid Fertilizer
Picture—1: A. Seedlings of Solanumlycopersicum;
B. 50" day plant
C. Fruits of Solanumlycopersicum

Figure- 1. Growth (40th day) and
yield of 123

Solanumlycoperscum -

46y~ 2

1827 1317 2 21w fd

SE T G A R SANS
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Organic agriculture is an eco-friendly construction management system that
encourages and boosts biodiversity and soil biological activity. It is centered on nominal use
of farm inputs and some management practices that restore, maintain and enrich green
harmony.

The seaweed extract contains micro nutrients, auxins, cytokinins and other growth
promoting substances and the bio - stimulant present in seaweed extract increase the
vegetative growth, Chlorophyll content, Stomata density, Photosynthetic rate and the fruit
production of the plant Strawberry (Spinelli et. a., 2010). In 2008 Zodape et d., reported that
treatment of seaweed extract increase length, Diameter and yield of Abelmoschusesculentus
and alsothe similar results were obtained in the present study, it shows that the SLF sprayed
plants had greater effect on growth and yield than the CHF treated plants (Picutre — 1; and
Figure -1). Thivy (1960) studied the application of seaweed as fertilizer on vegetables and
field crops and the performance of the seaweed manure was found to be expressively better
than that of farm yard manure due to the easy decomposability of its carbonaceous matter and
presence of micro nutrients. The use of seaweed manure in aggregation with the inorganic
fertilizers has been found to be better than the other organic input for the growth and
development of plant (Kaliaperumal, 2000).All the growth and yield related parameters were
significantly higher (one way ANOVA P<0.05) in the SLF treated Solanumlycopersicumplant
(Figure-1).
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1 Introduction

Marine algae, especially seaweeds are unexplored reservoir of bioactive compounds.
Sulfated polysaccharide from seaweeds comprises a complex group of macromolecules like
fucoidan, laminarin and alginate with a wide range of important biological properties with
low toxicity (Mourao, 2007). Fucoidan represent 40% of the dry weight of isolated cell walls
of brown seaweeds (Berateau and Mulloy, 2003) and it is composed of fucose, uronic acids,
galactose, xylose and sulfated fucose (Leite et al., 1998). They are comprised of long chains
of linked sugar molecules, along with sulfate groups which make them negatively charged.
They composed primarily of highly branched (1-2) or (1-3) linked a-L-fucose-4-sulfate
units (Ermakova et al., 2011). Fucoidan from algae possess important pharmacological
activities such as antioxidant (Wang et al., 2008), anticoagulant and antithrombotic (Zoysa et
al., 2008), antitumour and immunomodulatory (Kima et al., 2008), antipeptic and
antiadhesive (Azevedo et al., 2009) hepatoprotective (Meenakshi et al., 2014),
neuroprotective (Meenakshi et al., 2015), against myocardial injury (Krishnamurthy et al.,
2012).

Anticoagulant activity is one among the most widely studied properties of sulfated
polysaccharides. The anticoagulant effect of fucoidan is considered to be a complex
mechanism involving direct inhibition of thrombin catalyzed fibrinogen cleavage (Grauffel et
al., 1989) and also the enhancement of heparin cofactor Il (HC 11) mediated thrombin
inhibition (Church et al., 1989). Unfractionated heparins and low molecular weight heparins
are the only sulfated polysaccharides currently used as anticoagulant drugs. However these
compounds have several side effects such as bleeding and thrombocytopenia (Pereira et al.,
2002), which isincreasing the necessity to look for alternative source of anticoagulant agents.

A role of sulfated polysaccharide from agae as antiangiogenic agents has also been
suggested. Angiogenesis refers to the growth of new capillaries from pre-existing capillaries
and post-capillary venules. It is a tightly controlled process that rarely occurs under normal
conditions, except for instances of wound healing, embryonic development and devel opment
of the corpus luteum (Bergers and Benjamin, 2003). Many diseases, however, are driven by
persistent unregulated angiogenesis. To date, therapeutic benefit has been achieved with anti
angiogenic therapy in the treatment of life threatening infantile hemangioma, pulmonary
hemangiomatosis and in the treatment of some vascular tumours. So, there is a great interest
for identifying and modulating antiangiogenic pathways and antiangiogenic drug
development for therapeutic purposes (Folkman, 1995). Some algal sulfated polysaccharides
have been found to inhibit angiogenesis by interfering with the binding of vascular
endothelia growth factor (Koyanagi et al., 2003). So the study was conducted to observe the
anticoagulant and antiangiogeneic effect of fucoidan from T. decurrens.
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4.2 Materialsand methods
4.2.1 Collection and extr action of fucoidan

The brown seaweed T. decurrens belonging to the family Phaeophyceae was collected
in yervadi, India. The specimens were identified and authenticated by phycologist Dr.
P.Anantharaman, Associate professor, Faculty of Marine sciences, Annamalai University,
Parangipettai, India. The collected T. decurrens was initially washed with seawater to remove
the macroscopic epiphytes and other extraneous matter, and then rinsed in distilled water.
The specimen was shade dried and coarsely powdered. 100g of dried seaweed powder was
depigmented with acetone followed by hot water extraction at 90-95°C for 3-4 hrs. The
brown colored syrup was then filtered through Whatmann No.3 filter paper, concentrated to
%, of the original volume, cooled and precipitated with three volumes of ethanol overnight at
4°C. The precipitate was centrifuged at 5000 rpm, dehydrated with diethyl ether and further
purified in HPLC (data not shown) to get a sulphated polysaccharide, fucoidan
(Krishnamurthy et al., 2012). The biochemica estimation of the isolated fucoidan is:
Carbohydrate 59.62%, Sulfate 26.52% and Uronic acid 6.3%. All the chemicals were
purchased from Sigma chemical company (St. Louis, MO) and Himedia (Mumbai, India)
respectively.

4.2.2 Anticoagulant activity

4.2.2.1 Preparation of Plasma: Blood was collected from individual healthy donor through
vein puncture without bleeding or thrombosis and it was mixed with 3.8% tri sodium citrate
at 9:1 ratio. Further it was centrifuged for 20 min at 2400xg and the plasma was stored at -
40°C until use.

4.2.2.2 Activated Partial Thromboplastin Time (APTT)

In activated partial thromboplastin time assay, citrated normal human plasma (90pl)
was mixed with sample (10ul) in each concentration (25, 50, 100, 150 and 200ug/ml) and
incubated for 1 minute at 37°C, followed by APTT reagent (100ul) was added to the mixture
and incubated for 5 min at 37°C. Thereafter, the clotting was induced by adding 0.02M
calcium chloride (100ul) and clotting time was recorded. (Method followed by Pacific
hemostasis kit).

4.2.2.3 Prothrombin time (PT)

In prothrombin time, the citrated normal human plasma (90ul) was mixed with 10ul
of sample in each concentration (25, 50, 100, 150 and 200ug/ml) and incubated for 10 min.
Then, PT reagent (200ul) was pre-incubated for 10 min at 37°C. The pre-incubated PT
reagent was added and clotting time was recorded. (Method followed by Pacific hemostasis
kit).

4.2.3 Antiangiogenic activity
Chrio allontonic membrane assay

The CAM assay was performed as earlier described by Ribatti et al., (1997) with suitable
modification. Fresh fertilized white leghorn chick eggs were purchased from farm,
Parangipettai, Tamilnadu and further incubated in a humidified incubator at 37+ 2°C. The
eggs were divided equally into four group viz control and test groups. In day 3 of incubation,
a hole was punctured on the egg shell and 2-3 ml albumin were drawn, the shell sealed with
sterile scotch magic tape and the egg was placed for further incubation. In 7" day of
incubation a small window was drilled in the egg shell, vascular endothelial growth factor
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(VEGF) and sample was loaded on the chrio-allantonic membrane of each egg under sterile
condition. In 12" day of incubation, the windows were opened and the anti-angiogenesis
response was observed on the chorio-allantonic membrane. The chrio-allanonic membrane of
each egg was viewed under microscope and documented.

4.3 Results
4.3.1 Anticoagulant effect of fucoidan from T. decurrens

In this study, the coagulation of both intrinsic and extrinsic pathways of fucoidan
from T. decurrens in different concentration (25, 50, 100, 150 and 200pg/ml) was determined
through APTT and PT assays. In APTT, the coagulation time of the control was 23.4s and in
fucoidan from T. decurrens it prolonged to >300s at 150 and 200 pg/ml. In PT, the
coagulation time of the control was 9s and in fucoidan from T. decurrens prolonged to 120s
at 200 pg/ml (Table.1).

Table.1l. Anticoagulant activity of fucoidan from T. decurrensusing APTT and PT

assays

Sample (ug/ml) | APTT’ PT
25 66.5s 55.7s
50 81.3s 78.3s
100 103.2s 95.7s
150 >300s 102s
200 >300s 120s

"The data are the mean values of two experiments
APTT for control without fucoidan from T. decurrens: 23.4s
PT for control without fucoidan from T. decurrens: 9s

4.3.2 Antiangiogenic effect of fucoidan from T. decurrens

Fucoidan exhibited strong antiangiogeneic activity in a dose dependent manner by
CAM assay, which is commonly used to study the in vivo angiogenesis and anti angiogenesis.
Between the two concentrations of the sample 100 pg (fucoidan from T. decurrens) /egg
showed good result and blood vessel was not devel oped after the administration of compound
around the disc. In the case of 50ug (fucoidan from T. decurrens)/egg the inhibition of vessel
formation isless (Fig.1).

Fig.1 Antiangiogenic activity of fucoidan from T. decurrens
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4.4 Discussion

Most of the agal species exert their anticoagulant action through the sulphated
polysaccharides (Church et al., 1989) and some of them trigger anticoagulant activity through
protein, or glycoprotein-like compounds (Yasuda et al., 2004). In the present study, hot water
extraction method showed promising result for anticoagulant activity and it was in good
agreement with Shanmugam and Mody, (2000). The sulphated polysaccharide (fucoidan)
which is used in the present study can be capable of binding with proteins at several levels of
specificity and exhibit high affinity for particular proteins and it is accepted that the
anticoagulant activity of the sulfated polysaccharides partly results from the strong
interaction between the negatively charged sulfate groups and some positively charged
peptidic sequences (Azevedo et al., 2009).

The fucoidan stimulates tissue-type plasminogen activator-induced plasma clot lysis
by protecting plasmin activity from inactivation by ct2-antiplasmin and the biological effects
of fucoidan have been found to depend on the degree of sulfation and molecular size of the
polysaccharide chains. (Soeda et al.,1992). In the present study, fucoidan from T. decurrens
showed highest activity in both APTT (>300s) and PT (120s) assays. Similar result (>300s)
was observed by Athukorala et al., (2007) in Ultraflo extract of C. fragileand S. hornei in the
APTT activity but it was lower in hot water extract of C. fragile (250s). The lower activity
was observed in few brown seaweeds such as, S sliquastrum and S hornei (170s),
Laminaria ochotensis (150s), S. thunbergii (85s), S fulvellum (75s), S. coreanum (70s),
Undaria pinnatifida (48s) and Padina arborescens (37s) (Athukorala et al., 2007),
Gracillaria. verrucosa, G. textoria and Gloiopeltis furcata (38.6s, 49.1s, and 51.79)
(Pushpamali et al., 2008). In fermented brown seaweed S. fulvellum the activity (202s in
eighth week and 104s for tenth week) was low (Zoysa et al., 2008). This indicates that the
polysaccharides have good activity than the fermented seaweeds. In PT assay, the lower
activity from C. fragile (20s), S hornel (13s) (Athukorala et al., 2007) and G. verrucosa, G.
textoria and Gloiopeltis furcata (25.3s, 24.7s, and 31.6s) (Pushpamali et al., 2008) were
comparatively lower than the present study. Hence, fucoidan from T. decurrens will be a
better candidate as a anticoagulant agent.

Angiogenesisisastrictly controlled process in anormal human body and regul ated by
a variety of endogenous angiogenic and angiostatic factors (Folkman and Klagsbrun, 1987).
The pathological angiogenesis occurs, in cancer, chronic inflammation, or atherosclerosis.
Angiogenesis inhibitors are able to interfere with various steps of angiogenesis, on the other
hand, angiogenesis promoters can stimulate angiogenesis occur basement destruction of
blood vessels, proliferation and migration of endothelia cells. The present study
demonstrates the antiangiogenic activity of fucoidan from T. decurrens which showed good
activity even in lower concentration. In the CAM assay in chick embryos which are perhaps
the most widely employed in vivo model for studying vessel development (Y ancopoulos et
al., 2000). An important stimulating factor in angiogenesis is vascular endothelial growth
factor (VEGF), which acts on VEGF receptors. VEGF stimulates the cells to produce matrix
metalloproteinases (MMPS), which degrade the basement membrane and surrounding
extracellular matrix. As a result, endothelia cells proliferate and migrate towards the
interstitium, where they start sporuting. Subsequently, the cells proliferate and migrate
towards the newly formed sporuts and mature by forming single cell layer around the sporut
(Hoeben et al., 2004). Fucoidan from T. decurrens prevent the VEGF from binding with the
receptors on the surface of the endothelial cells owing to its central role in promoting tumor
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growth, VEGF has become a key therapeutic target and its function can be blocked at
different levels of the signaling pathways.

Cumashi et al., (2007) investigated the anti- angiogenic potential of nine fucoidans
from brown algae. Ye et al., (2005) aso showed antiangiogenic property of Cladosiphon
novae in the concentration of 1 mg/ml. Dias et al., 2005 observed the inhibition of sulphated
polysaccharide from S. stenophylum in the highest dose of 1500ug/plug was roughly double
that achieved by hydrocortisone (156g/plug). Hence, the role of fucoidan from T. decurrens
showed its prominent role as anti-angiogeneic compound by reducing the number of blood
vessels as observed in treated eggs.
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I ntroduction

Nowadays there is much usage of more number of chemical fertilizers to increase the
productivity of crops but it causes several damages to the ecology of the soil and their fertility
content. Chemical fertilizers are harmful to human way of directly and indirectly. For health
benefits, agricultural practices are being modified with organic farming. The use of bio-
fertilizers is to increase the plant growth and development and it is eco-friendly to the
environment. The cost of chemical fertilizersis very high and sometimes it is not available in
the market for which the farmers fail to apply the chemical / inorganic fertilizers to the crop
field in the optimum time. On the other hand, the organic manure is easily available to the
farmers and is cost effective when compared to that of chemica fertilizers. Therefore
researchers have to find out the suitable bio-fertilizers for replacing the chemical fertilizer.

Seaweed

Seaweed is the marine macroscopic agae found attached to the bottom in relatively
shallow coastal waters. They grow in the intertidal, shallow and deep sea areas up to 80 meter
depth, estuaries and backwaters on solid substrate such as rocks, dead corals and pebbles. The
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seaweeds are totally different from higher plants as they neither have true leaves, stems and
roots or vascular systems neither specialized sex organs.

There are 20,000 species of seaweeds found distributed globally. The major sources
of seaweeds are the northeast, western central and southwest pacific areas. There is not much
information regarding the Antarctic and Arctic regions. India, with a long coastline
(7500 km), has vast resource of seaweeds along with many open coasts and estuarine areas.
Along the coastline of India, the littoral and sub littoral rocky areas support good growth of
different seaweeds. There is luxuriant growth of seaweeds along the Southeast coast of Tamil
Nadu, from Mandapam to Kanyakumari; Gujarat coast; Lakshadweep Island and the
Andaman and Nicobar Islands. Fairly rich seaweed beds are present in the vicinity of
Mumbai, Ratnagiri, Goa, Karwar, Varkala, Kovalam, Vizhinjam, Visakhapatnam and few
other places such as Chilka and Pulicat lakes. In India, 844 species are reported (Oza and
Zaidi, 2001) including 216 species of green algae, 194 species of brown agae and 434
species of red algae

The word “Weed’ means an economically useless plant, which grows wild and mostly
harmful. But man started thinking of how to make use of those useless plants for the benefit
of human-kind. This has gradually lead to domestication of the weeds, and also attempted to
produce food and raw materials for industries from those weeds. The importance of seaweeds
as economic resources has been known for quite a long time. Their usefulness is felt both
directly and indirectly. A direct benefit includes use of seaweeds as food, feed and fertilizer,
as source of various products of commercia importance and as source of energy.

Seaweeds are divided into green, brown and red algae based on the types of pigments,
morphological and anatomical structures. They are the only source for the production of
phytochemical such as agar, carrageenan and alginates. These phytochemicals are extensively
used in various industries such as food, confectionary, textile, pharmaceutical, cosmetics,
dairy, liquor, canning, paint, varnish, paper etc. and as gelling, stabilizing and thickening
agents. Seaweeds are also used as human food, live stock feed and fertilizer for plants in
many parts of the world. They contain more than 60 trace elements, protein, iodine, bromine,
vitamins and several bioactive substances of economic value and they also serve as both
feeding and breeding grounds for invertebrates and fishes (Krishnamurthy, 2005).

Biofertilizers

Adequate supply of plant nutrients is necessary for proper growth of crop plants.
Nitrogen and phosphorus are the most important among nutrients. Generally they are
supplied to crops by applying manures and fertilizers in the soil. Depending on the nutrients
they supply, biofertilizeres are grouped into broad categories;, nitrogen supplying
biofertilizers and phosphorus supplying biofertilizers.

There are a number of advantages in using bioferilizers. The following are the main
among them and are briefly explaine. Biofertilizers can be called poor man’s technology.
Taking in to account the amount of nutrient supplied, biofertilizers are many times cheaper
than chemica fertilizers. Biofertilizers not only supply nitrogen and phosphorus but aso
some micronutrients essential for plant growth. Sometimes yield is limited by micronutrients
essential for plant growth. Sometimes yield is limited by micronutrients and application of
nitrogenous, phosphatic and potassic fertilizer does not improve yield significantly. Organic
matter is the essential component of soil. It serves as an inexhaustible source of nutrients and
energy from the plants as well as for useful microorganisms. Organic matter has great impact
on the physical and chemical properties of the soil. When chemical fertilizers are exclusively

101



and continuously used for a few years, they may create acidity or alkalinity in the soil and
deteriorate the quality of the soil. Soil aso becomes unresponsive to further use of similar
fertilizers. Application of biofertilizers along with chemical fertilizers can avoid this problem
to agreat extent. Besides, large amount of organic matter supplied by the biofertilizers impart
tolerance power (buffering capacity) to the soil against acidity or alkalinity. It also withholds
metallic elements from entering the plant roots, thereby reducing harmful effects of
pesticides. Plants also need for their growth and development, some natural complex
chemical compounds called hormones in adequate amounts, azotobactor blue green algae and
azolla have been found to synthesise growth hormones (e.g. indol acetic acid and vitamin B)
which benefit the main crop. Sometimes, biofertilizer application gives significant response
even if the soul is aready rich in plant nutrients. This occurs due to the supply of growth
hormones by biofertilizers to the main crop.

Seaweed as Biofertilizer

Seaweeds, one of the important marine living resources are now days considered as a
promising marine bioresource. The use of seaweed as manure in farming practice is very
ancient and was prevalent among the Romans. Seaweed Liquid Fertilizer (SLF) contains
macronutrients, trace elements, organic substances like amino acids and plant growth
regulators (Verklej, 1992). The use of seaweeds as biofertilizers in horticulture and
agriculture has increased in the recent years (Dhargalkar and Pereira, 2005). Recent
researches have proved that seaweed fertilizers are preferred not only due to their nitrogen,
phosphorus and potash content but also because of the presence of trace elements and
metabolites similar to the plant growth regulators. Seaweed fertilizer was found to be
superior to chemical fertilizer because of high level of organic matter which aids in retaining
moisture and minerals in upper soil level available to roots (Wallenkemp, 1955). Seaweed
liquid fertilizer (SLF) contains macro nutrients, trace elements, organic substances like amino
acids and plant growth regulators such as auxin, cytokinin and gibberellins (Williams et al.,
1981; Nelson and Van Staden, 1984 and Ramo Rao, 1991). The seaweed liquid fertilizer
(SLF) is an excellent source of mgjor elements such as N, P, K, Caand Mg as well as many
micro nutrients, required for normal growth of plants (Aitken and Seen, 1965).

Seaweed Liquid fertilizer

The use of seaweeds as manure in farming practice is very ancient and was prevalent
among the Romans and also practiced in Britain, France, Spain, Japan and China. There are
also records of the culture of seaweeds for manure in Ireland and South Africa. Seaweed
liquid fertilizer has a uniquely balanced mix of nutrients that will maximize its potential if
these nutrients are available at the optimal levels and at the opportune moments in the plant’s
development. The Seaweeds are used either directly or after composting or burning is being
made into a meal. In some case of seaweeds, especially species of Sargassum has been used
in parts of coastal Kerala as manure for coconut plantation. Experiments on the use of
seaweeds as manure have been carried out by Thivy (1960), who showed that seaweed
promotes higher rate of growth and higher yield in crop plants. Thivy (1964) also advocated
seaweeds for improving the fertility of soil in cultivable fields. Bhosle et al., (1975) prepared
seaweed liquid fertilizer (SLF) and studied its effect on Phaeseolus wvulgaris. Rama
Rao (1979) reported good yields of Zizyphus rugosa fruits, where leaf spray of SLF obtained
from Sargassumwas used. Similarly Parthiban et al., (2013) has reported good yield of Vigno
mungo grains used as Spatogloassum asperum.

Seaweed extracts are known to enhance seed germination and plant growth (Bhosle et
al., 1975; Venkatraman Kumar et al., 1993; Mohan et al., 1994; Sekar et al., 1995). In
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agriculture and horticulture practices seaweeds are used as manure, liquid fertilizer, growth
promoter and crop protestant against pest and diseases. Seaweed extracts are known to
enhance seed germination and plant growth (Bhosle et al., 1975; Rgeshwari et al., 1983;
Venkataraman Kumar et al., 1993; Mohan et al., 1994). In India, as a step towards the
expansion of native sources of natural manures, the seaweed fertilizers application will be
useful for achieving higher production. Dhargalkar and Untawale (1983) studied the effect of
seaweed extracts on the growth of chillies and turnip and found that lower concentrations of
SLF enhanced the rate of seed germination.

So far not much work has been done under field conditions to examine the efficiency of SLF,
especialy in India (Dhargalkar and Untawale, 1983). The SLF obtained from brown, red and
green seaweeds are now available commercially in trade names such as Maxicorp (Sea born),
Algifert (Manure), Golmar, GA 14, Kelpak 66, Seaspray, Seasol SM3, Cystex and Sea Crop
16 for usein agriculture (Jeanin et al., 1991).

Conclusion

In India, agriculture making the backbone of our economy, nearly 70% of the people
thrives in rural areas. The growing population is mounting tremendous pressure in food
production in the country. To meet the demand, farmers use chemical fertilizer to enhance the
crop production this results in vast pollution. As an alternative, SLF was found to be a good
source of plant growth but further more research is need to strongly establish the mechanism
of action of the seaweed extract on the plant growth. Aqueous seaweed extracts is employed
extensively as fertilizer additive in foliar spray an organic and horticulture crop plants. One
important explanation for the effect of seaweed concentration in promoting nutrient uptake is
the increased uptake of nitrogen, potassium, calcium, manganese, magnesium, iron and zinc.

As a whole seaweeds not only improve the growth of plants but also helps to retain
the nutrients lost by the soil, thus improving soil for agriculture to a great extend enabling
pollution free land that also meets the growing requirement of high yield.. The use of SLF is
a wise eco-friendly technique to enhance crop production. This would be beneficial to the
environment also. The SLF is a boon to the agriculture and are eco-friendly with less cost
effectiveness without affecting the soil and their ecosystem. Earthworms are farmer’s friend
which is harmed by chemical fertilizers, so replacement of the chemical fertilizers by the SLF
IS an adaptive way for today’s world. Further, seaweed extracts are considered as an organic
farm input as they are environmentally benign and safe for the health of animals and humans.
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1. INTRODUCTION

Seaweeds are macroscopic marine algae found attached to the bottom in relatively
shallow coastal waters. They grow in the intertidal, shallow and deep sea areas up to 80 meter
depth, estuaries and backwaters on solid substrata such as rocks, dead corals and pebbles.
Seaweed zone is one of the obvious and wide spread biotope in the shallow marine
environment. The seaweeds are totally different from higher plants as they neither have true
leaves, stems and roots or vascular systems neither specialized sex organs. Seaweeds have
been divided into green, brown and red based on the types of pigments, morphological and
anatomical structures. They are the only source for the production of phyto-chemical such a
sagar, carrageenan and alginates.

Seaweed resources of the world comprise about 1460 million tones wet weight of
brown algae and 261 million tonnes of red algae. The total seaweed production may be about
1721x10* tonnes wet weight annualy (Michanek, 1975). The major sources are the
northeast, western central and southwest pacific areas. Along the coastline of, the littoral and
sublittoral rocky areas support good growth of different seaweeds. There is luxuriant growth
of seaweeds aong the Southeast coast of Tamilnadu, from Mandapam to Kanyakumari;
Gurarath coast; Lakshadweep island and the Andaman and Nicobar Islands. Fairly rick
seaweed beds are present in the vicinity of Mumbai, Ratnagiri, Goa, Karwar, Varkala,
Kovalam, Vizhinjam, Vishakapattinam and few places such as Chilka and Pulicat Lakes. In
India, 850 species are reported (Oza and Zaidi, 2001) and their commercia exploitation has
been commenced since 1966. At present, 1518 tonnes of dry weight red algae and 2285
tonnes of dry weight brown algae were exploited for the manufacture of agar, algin,
carrageenan and liquid fertilizer (Kaliaperumal et al., 2004).

Distribution of economic seaweed resources along the Indian coast was first mapped
by Thivy, 1958. The Tamilnadu coast was surveyed during 1972-76, covering a distance of
320km from Rameswaram and adjoining islands to Melmidalam (Colachel) by CSMCRI
(Centra Salt Marine Chemical Research Ingtitute) in collaboration with Centra Marine
Fisheries Research Institute (CMFRI), Cochin and Department of Fisheries, Government of
Tamilnadu. The total standing crop of seaweeds in the intertidal region of Tamilnadu was
estimated about 22,044 tonnes (fresh weight) in a potential area of 9891.35ha of the 20,000ha
total area surveyed (Anon, 1978). The evaluation of the species composition or distribution
along the coast of kanyakumari is still unexplored. Hence, we have concentrated on the
survey of seaweed distribution along the Kanyakumari coast in a single season.

2. MATERIALSAND METHODS

The survey on seaweeds distribution was made throughout the Kanyakumari coastal
area during the post monsoon period from January to February 2016. The seaweeds were
collected from Vattakottai, Arockiapuram, Leepuram, Kanyakumari, Mutton, Chinna mutton,
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Manakudi, Chinnavilai, Manavalakurichi. The seaweeds were collected in the plastic
container contain seawater added with 4% formalin. The fresh seaweeds were washed well in
the habitat water at the respective sampling site to remove silt and debris including the phytal
fauna. The collected seaweed samples were identified in species level and the biomass values
were recorded as dry weight (wet) of the seaweed.

3.RESULTS

3.1. Distribution

Distribution of seaweed species were recorded in Kanyakumari district coastal area at
eleven stations. Totally 34 species were recorded including 23 genera, 15 species of red
algae, 10 species of Brown algae and 9 species of green algae. Maximum number of species
was recorded in red algae compared to other two groups. Minimum number of species was
recorded in green algae. In Vattakottai, totally 13 species were recorded and it was observed
to be 7 species of brown algae and 2 species of green algae and 4 species of red agae. Next
to the Vattakottai, the maximum of 9 species were recorded in Kanyakumari, which includes
4 species of green algae, 2 species of brown algae and 3 species of red algae (Table 1).

Table. 1. Distribution (Number of species) at different station

Seaweeds Green Brown Red
Algae Algae Algae
Station
Kanyakumari 4 2 3
V attakottai 2 7 4
Leepuram - - -
Arockiapuram 2 2 3
Manakudi - - -
Chinnavilai 2 4 3
Muttom 2 3 2
Chinna Muttom 4 3 1
Manaval akurichi 1 1 2

Maximum number of green algae was recorded in Kannyakumari subsequently the
maximum number of brown seaweeds and red seaweeds were recorded in Vatakottai, and
Arockiyapuram respectively. The distribution of Gracilaria corticata and Sargassum sp was
found to be dominant at al stations. The minimum number of species was recorded in
Chinnavilai.
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The brown algae, Stoechospermum marginatum and Porphyra kanyakumariesnsis
was recorded only in Vatakottai. The red algae Padina boergesenii and Padina
tetrastromatica was recorded in Kanyakumari and Arockiapuram respectively. The green
agae Ulva lactuca and Ulva fasciata was only recorded at Muttom. The green alga
Valaniopsis pachynema was recorded in the rocky area of Arockiapuram whereas it was not
seen at other stations. The brown alga Calpomenia sinuosa was observed only at Vatakottai.
The green alga Chaetomorpha linum was recorded in Vatakottai.

3.2. Biomass

The total biomass of the green algae was observed as 3.25 kg dry weight. The
maximum biomass was recorded at Kanyakumari. Tota biomass of brown agae was
recorded as 6.50 kg dry weight subsequently the maximum was recorded at Vatakottai. The
biomass of red algae was found as 3.10 kg dry weight. The maximum was recorded at
Kanyakumari.

4. DISCUSSION

The present study investigates the distribution and biomass of seaweeds aong the
district of Kanyakumari coastal area. The studies on the diversity and distribution of
seaweeds in Indian waters (Untawale et a., 1989; Selvarg) and Selvargj, 1997; Mohammed et
al., 1999; Stella rodlin et al., 2001;; James et a., 2004; Kerkar, 2004; Rath and Adhikary,
2006; Satheesh and Wesley, 2012).

In the present study we have recorded habitat viz seaweed distribution during the
study period. The present results are in accordance with Thakur et al., 2008, had reported
seaweeds are important marine and esturine plants distributed throughout the world. The
biomass as well as species composition of seaweeds largely depend on season, population
structure and several other ecological factors.

The distribution of seaweeds during the present study was found to be vary at
different stations. It is propable that some species might have lost due to changes in the
environmental conditions over along period of time.

5. CONCLUSION

In total, 34 species of seaweeds have been recorded from the selected coastal area.
The occurrences of seaweeds in the different station vary might due to the environmental
conditions. Hence, the analysis of environmental parameters with rigorous statistical tools
will give the real picture about the distribution of seaweeds in the respective places.
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INTRODUCTION

Peptic ulcer, lesion that occurs primarily in the mucous membrane of the stomach or
duodenum (the upper segment of the small intestine); Between 10 and 15 percent of the
world’s population suffers from peptic ulcer. Duodenal ulcers, which account for 80 percent
of peptic ulcers, are more common in men than in women, but stomach ulcers affect women
more frequently. The symptoms of gastric and duodenal ulcer are similar and include a
gnawing, burning ache and hunger like pain in the mid-upper abdomen, usually experienced

108


mailto:saranbag@gmail.com

Proceedings of NSMR’16

from one to three hours after meals and several hours after retiring. In the early 1980’s
Australian researcher, Barry Marshall challenged previous theories of ulcer development with
evidence that ulcers could be caused by H. pylori. H. pylori exists the world over and its
prevalence in the population increases with age. In developed countries, prevalence increases
about 1% per year of age where it israre in children, and reaches 70% in the seventh decade.
In developing countries, more than 50% children acquire the infection by the age of 10 years,
and more than 80% of the population gets infected by the age of 20 years. In asymptomatic
individuals prevalence of H. pylori infection varies from 31%-84%. Helicobacter sp are able
to thrive in the very acidic mammalian stomach by producing large quantities of the enzyme
urease, which locally raises the pH from ~2 to amore biocompatible range of 6 to 7. Bacteria
belonging to this genus are usually susceptible to antibiotics such as penicillin, are
microaerophilic (optimal oxygen concentration between 5 - 14%) capnophiles, and are fast-
moving with their flagella. The different Helicobacter sps are H. acinonychis, H. anseris, H.
aurati, H. bilis, H. bizzozeronii, H. brantae, H. canadensis, H. canis, H. cetorum, H.
cholecystus, H. cinaedi, H. cynogastricus. Helicobacter pylori previously named
Campylobacter pyloridis, is a Gram-negative, microaerophilic bacterium found in the
stomach. In patients with chronic gastritis and gastric ulcers, conditions that were not
previously believed to have a microbial cause. It is aso linked to the development of
duodenal ulcers and stomach cancer.

Seaweeds appearance somewhat resembles non arborea terrestria plants. Two
specific environmental requirements dominate seaweed ecology. These are the presence of 10
seawater (or at least brackish water) and the presence of light sufficient to drive
photosynthesis. Another common requirement is a firm attachment point. As a result,
seaweeds most commonly inhabit the littora zone and within that zone more frequently on
rocky shores than on sand or shingle. Seaweeds occupy awide range of ecological niches.

Seaweeds or marine macroalgae are the renewable living resources which are aso
used as food, feed and fertilizer in many parts of the world. Seaweeds are of nutritional
interest as they contain low calorie food, but rich in vitamins, minerals and dietary fibres (Ito
et al., 1989). In addition to vitamins and minerals, seaweeds are also potentially good sources
of proteins, polysaccharides and fibres (Darcy vrillon 1993). Most of the secondary
metabolites produced by seaweeds have bacteriocidal or the antimicrobial compounds
derived from seaweeds consist of diverse groups of bacteriostatic properties brominates
phenols, oxygen heterocyclic; Terpenols, Sterols, Polysaccharides, dibutenolides peptides and
proteins. Although most of the antibiotics found from terrestrial sources are used as
therapeutic agents to treat various diseases, the oceans have enormous biodiversity and
potential to provide novel compounds with commercia value. Seaweeds have been screened
extensively to isolate lifesaving drugs or biologically active substances al over the world
(Khotimchenko et al., 2003). The sulfated polysaccharides, viz. fucans, carrageenans and
ulvans have exhibited strong antioxidant, antitumor, immunostimulatory, anti-inflammatory,
pulmonary fibrosis anticoagulant/ antithrombotic, lipid lowering, antiviral, antibacterial,
antiprotozoan, hyperplasia prevention, gastrointestinal, regenerative and nanomedicine
applications.

The development of safe anti-H. pylori compounds is therefore desirable. Studies
have documented that some medicinal plant extracts have antibacterial activities, including
H. pylori (Cowan, 1999; Isogai et al., 2000; Funtogawa et al., 2004; Ndip et al., 2007). The
course of treatment against helicobacteriosis is usually based on classic triple therapy
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including proton pump inhibitors and antibacterial therapy, clarithromycin and amoxicillin.
For alergic patients, amoxicillin could be replaced by metrodinazole. In cases of antibiotic
resistance, the bismuth compounds can be applied (Graham et al., 2008). Currently available
first line anti H. pylori therapies may fail in up to 30% of patients leading to a significant
increase of antimicrobial resistance (Bazzoli et al., 2002). New antimicrobial agents such asa
combination of antibiotics with plant extracts and other natural products that possess
antimicrobia activity (Ndip et al., 2007) are, therefore, being developed to overcome this
problem.

MATERIALSAND METHODS

A total of 5 individuals (2 male; age 50-55years, and 3 female; age 23-45years).
Those individuals who had previously received ulceration symptoms in stomach. Gastric
juice as possible 5 to 10 ml was collected from each individuals during early morning
episodes of intermittent reflux which may facilitate the passage viable organisms into the
mouth.

A total of two clinical isolates of H. pylori obtained from the gastric mucosa of
patients. It was placed on Egg Yolk Emulsion agar medium. Suspicious growth was noted;
bacteria were sub cultured and were incubated for 4 days in amicro aerobic gas environment
which was handled in candle jar method. Bacterial growth was identified as H. pylori on the
basis of colony morphology; positive biochemical reaction for catalase, urease, and oxidase
and negative Gram stain.

The inoculum was prepared from 24 hours old cultures in nutrient broth. Muller
Hinton Agar plates were prepared and the inoculum was seeded by spread plating method.
Antibiotic  discs including  Metronidazole(5ug), Amoxicillin(30ug),Nystatin(30uQ),
Ranitidine (10ug), Methicillin(40ug), Tetracycline(30ug), Furazolidone(50ug), Trimethoprim
(45pQ9), Azithromycin (15ug), Omeprozole (15 pg), Clotrimazole (30pg) and Clarithromycin
(15u0), (HiMedia Laboratories, Pvt. Limited, Mumbai, India) were placed on the bacterial
lawns and the plates were incubated at 37°C under microaerophilic conditions for 2-5 days.
After 24 hours of incubation at 37°C, the inhibition zone from the edge of the well to the
inner margin of the surrounding bacterial growth was measured in mm by using graduated
scale and recorded.

Seaweeds (Gracilaria edulis, Sargassum wightii, Bryopsis sp, Jama sp, Caloroba grapes,
Euchoma sp, Chondrococus sp, Padina tetrastomatica, Caloroba sp, Gracilaria sp, Halmiola
sp)

samples which were healthy and fully grown and submerged underwater from the tide
pools were collected from Thondi Coastal region Ramnad District. The samples were washed
with seawater and freshwater to remove salt, epiphytic microorganisms and other suspended
materials. The clean algae were frozen. The dry material was stored.
Organic solvent methanol was used for extraction. Each powdered sample (5g) was soaked in
about 40 ml of the solvent for three days. The resultant crude extracts were filtered and then
concentrated in a rotatory evaporator at a temperature of less than 40°C. The residual water
was removed with a vacuum pump. The crude extracts were weighed and deep frozen (-
20°C) until testing.

The crude extracts from chosen seaweeds were subjected for the qualitative identify
of different classes of natura compounds, using the methodology of Sofowora (1982). The
major pharmaceutically valuable phytochemical compounds viz., akaloids, flavanoids,
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steroids, terpenoids, total sugars, total protein, tannin, phenolic compounds, anthroquinone,
and saponins were investigated in the present study.

RESULTS

Helicobacter sp was isolated form gastric mucosa of stomach ulcer suspected
individual using Egg Yolk Emulsion agar medium and it was characterized based on staining
and biochemical parameters. (Table: 1) both the isolates were urease positive. Antibiogram
for two clinical isolates of Helicobacter sp was carried out by using different antibiotics.
Resistance and sensitivity pattern of antibiotics were noted and listed in (Table: 2). Among
the Helicobacter isolates, isolate 2 was more susceptible to al the antibiotics screened than
Helicobacter isolate 1. The phytochemical constituents of properties of extracts of
Gracilaria edulis, Padina tetrastomatica and Halmiola sp were analyzed by following
standard methods. The presence of magjor constituents such as sugars, phenols and akaloids
were detected. The antihelicobacterial activity of selected dried seaweeds against isolated
Helicobacter sp. was assessed by the presence or absence of inhibition zones.

Among the seaweeds, screened methanol extract of Gracillaria edulis showed
antihelicobacteria activity with the zone of inhibition range from 20 mm against two tested
Helicobacter sp. Also the methanol extract of Padina tetrastomatica showed inhibitory effect
against two tested Helicobacter strains in the range of 13-16 mm. The results were showed in
(Table:3).

Time kill assay was performed against H. pylori isolated by using potential seaweed
metabolites with 1x, 4x, and 16 x concentrations for 12 hours. Efficiency of reduction in
bacterial population was collected in log CFU for every 3hours incubation. It was found that
16 x concentrations of all the four seaweed extracts reduced the population considerably
(Fig: 1).

Retention times of all the compounds which are presented in the extracts were

detected. The identification of the peaks is based on the analysis of their retention time. The
Retention time of identified peaks for Gracilaria edulis are 1.400, 2.183, 2.303, and 2.753
and for Padina tetrastomatica is 1.427 which indicates the presence of halogenated / sulfated
polysaccharides based on earlier reports on seaweed bioactive metabolites.
The peak value of Gracilaria edulis and Padina tetrastomatica were analyzed and shown in
Fig: 2to 3. The major peaks obtained at four different alternative scans. The mass spectral
data revedled that the peaks indicated, may be the presence of phenolic compounds and
sulphated polysaccharides which were compared based on earlier reports on seaweeds.

Table:1 Study subjects and sample collection

S.No | Patien: Name | Age | Sex Amonnt of Gastric
Place Juice taken plml | Symptoms
1 ATsharani |23 VHNSN College. 5
Female | Viudlnnagar Abdoen pain
2 N Ravi 53 | Male | Railway colony. 10 Sromach ulcer
Viudlmnagar
RXKanimozhi | 24 VHNSN College, 5 Vonuting,
Female | Viudlnnagar Abdoen pain
4 V.Uma 45 | Female | Pandian Negar, 10 Abdornen pain.
Virmdimnagar. voriring
5 S.Chellapandi | 51 |Male | Karuppasanty
Nagar, 10 Abdomen pain 111
Vimdimnagar.




Table: 2 Antibiogram of selected Antibiotics against Helicobacter isolates

Table: 3 Anti-Helicobacterial activity of selected seaweed extracts

Control-7mm(-)

R- Resistance
Anitibiotics Concentration Isclate 1 Isclate 2
(pgml) (1) {mmi)
Amozxicillin 30 40 36
Telracycline 30 48 22
Nystatin 30 R R
Ourprozole 15 R 5
Metromdazole 5 R R
Ranitidine 25 R 20
Azithromycin L5 15 12
Clarithromycin 15 45 43
Tringthoprin 45 R 33
Clotrimazole 30 10 12
Furazolidone 50 17 15
Methicillin 40 R 22

No Zone formation

Name of the Seaweads

Concentration [100ul)

Helicohacter sp

Lzolate 1(mm)

Helieohacter sy

Lsolate 2(1mm)

Calaroba grapes 150,30 _
Calaroba sp 50,93 G=0.92
Bryopsis sp 710.76 043
Halimiola sp 90,10 12095
Gracilaria sp 60,96 B=0.83
CGractlait edulis ALV 200,90
Sargasum wightii 70,01 _
Chondrococus sp B+0.34 13001
Jama sp 652 15157
Padina fetrastomatica 13£0.90 16=0.06
Euchoma sp 120.09
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Fig: 1 Timekill assay of crude metabolite of Padina

tetrastomatica against Helicobacter pylori
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Fig: 3 LC-MS Analysis of Padina tetrastomatica
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CONCLUSION

In humans, Helicobacter pylori colonizes the stomachs of about half of the world’s
population and highly associated with the number of most important disease of the upper
gastrointestinal tract particularly prevalence in developing countries. Eradication of the H.
pylori primarily dependent on continued application of antibiotics. Although effective,
repeated use of these chemical drugs have sometimes resulted in the development of
resistance and had undesirable effects. These problems have highlighted the need for the
development of new strategies for selective H. pylori eradication. Marine plants may be an
aternative source of materials for the H. pylori eradication because they constitute a rich
source of bioactive chemicals.

The present study aso found that the seaweeds Gracilaria edulis, Padina
tetrastomatica showed antihelicobacterial activity. The importance of seaweed for human
consumption is well known in many countries, they offer a good source of recovery of
various useful chemicals particularly polysaccharide present in most of the seaweeds may
used for the treatment of intestinal and stomach disorders. In this present investigation
Padina tetrastomatica has proven antihelicobacterial activity based on the outcome of this
investigation the active metabolites derived from seaweeds may be an alternative therapeutic
agent for the treatment of Helicobacter infection but still further evaluation and complete
structural characterization of active metabolites is warranted.
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INTRODUCTION

India has vast coastline of more than 7000 Km, and a number of Islands, which harbor
alarge number of species of marine algae. More than 20,000 species of seaweeds have been
reported from all over the world. In India, 624 species of seaweeds have been reported with a
potential of 77,000 tons (Wet weight/ Annum)Seaweeds are a group of large marine non
flowering plants attached to the bottom in relatively shallow coastal waters. Seaweeds refer
to any large marine benthic agae that are multicellular, macrothallic and thus differentiated
from most algae that are of microscopic size (Smith, 1944). These plants form an important
renewable resource in the marine environment and have been a part of human civilization
from time immemorial. The seaweed flora of Indiais highly diversified and comprises mostly
of tropical species, but temperate and subtropical elements have also been reported. About
6000 species of red seaweeds (Rhodophyceae), 2000 species of brown seaweeds
(Phaeophyceae) and 1200 species of green seaweeds (Chlorophyceae) occurred globally and
theworld production of seaweeds was estimated as 21,65,675 million tons per year
(Kaliaperumal, 2007). Severa species of green, brown and red seaweeds were found with
luxuriant growth along the south coast of Tamilnadu from Rameswaram to Kanyakumari.
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Many types of seaweeds live in rocky intertidal communities, because they cannot get
up and follow the water when the tide goes out. Such intertidal seaweeds are subjected to the
stresses, associated with exposure to air and weather conditions. To survive in the intertidal
regions, seaweeds must be able to tolerate or minimize the effects of evaporate water 10ss,
temperature and salinity changes (Sahu and Athikary, 1999). The distribution of marine
macro agae is controlled by many factors. Growth and biomass production have been
determined in some seaweeds (Christiaen et al., 1987). There are only some studies on the
distribution, frequency, density and abundance of seaweeds. Boergesen (1934) was the first
researcher to have worked on the geographica distribution of some marine algae. Anand
(1940, 1943) and Nizermuddin and Gessner (1970) aso worked on the distribution,
dominance and abundance of some seaweeds. Saifullah (1973) listed out the abundance,
biomasses variation and tidal variation of seaweeds. Qari (1985) worked on ecology and
biochemical composition of seaweeds. The ecology of seaweeds is dominated by two specific
environmental requirements. These are the presence of sea water and the presence of light
sufficient to drive photosynthesis and another important common requirement is to have a
firm point of attachment. Therefore, seaweeds are most commonly found in the littoral zone
and within that zone more frequently on rock shores than on sand or shingle shore (Smith,
1944).

The region was having more than 200 species of seaweeds. Now the biodiversity
and density of seaweeds of southern coastal region of Tamilnadu have come down gradually
over a period of years (Krishnamurthy, 2006; Kannan and Thangaradjou, 2006). Seaweeds
constitute a magjor part of the food chain of the aquatic life. Whatever aters in the marine
water, the seaweed growth and the composition also affects all other organisms. The southern
coastal region of Tamil Nadu has rich seaweed diversity because it has a lot of rocky coastal
regions which face several problems due to various environmental changes and human
activities.

Although a number of systematic surveys have been made on seaweed resources of

the southern coastal region of Tamil Nadu, there is no proper documentation for the seaweed
resources availability with reference to the seasons. There are only a few scattered reports
about seaweed resources in the selected area of the southern coastal region of Tamil Nadu.
All the previous studies carried out during the last 50 years are only from scattered localities
with small area as follows. Kanyakumari region (Nair et al., 1993; Stella et al., 1997; Edwin,
2004), Tirunelveli region (Kaliaperuma and Pandian, 1984; Kaliaperuma et al., 1995;
Selvarg and Selvarg, 1997), Thoothukudi region (Mahadevan and Nagappan, 1967,
Krishnamurthy, 1980; Kaliaperumal and Pandian, 1984; Kaliaperuma et al., 1998) and
Ramanathapuram region (Chacko et al., 1955; Varma and Krishna, 1962; Umamaheswara
Rao, 1969; Krishnamurthy and Joshi, 1970; Subbaramiah et al., 1977; Kaliaperuma and
Kalimuthu, 1994; Kaliaperumal et al.,
1998). From such scattered and sporadic reports, the actual number of seaweeds is obscure
from the southern coastal region of Tamil Nadu, because each and every researcher has given
different number of seaweeds from the same locality. To fulfill this lacuna, a comprehensive
study was aimed to understand the seaweed resource along with its seasonal variation in the
entire southern coastal region of Tamil Nadu. Seaweeds are mostly affected by various
ecological factors. Seaweeds are highly climate specific. Some of the seaweeds are present
throughout the year but most of the seaweeds are found at specific climate.
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MATERIALSAND METHODS

The investigation was carried out at southern coast of Tamilnadu India. The rocky
shore of southern coast inhabits an astonishing biodiversity, representing nearly almost all the
invertebrate phyla and urochordates. Hard rocky bottom of this area greatly supports the algal
diversity and provide suitable shelter and feeding ground for grazers. The entire study area
was divided in to four stations namely kudankulam (S1), Panchal (S2), Arrokiyapuram (S3)
and Manaval akurichi ($4). The survey of green seaweed species from the intertidal area was
carried out during low tide Seasons at southern coast may be classified into pre-monsoon
(June-September), monsoon (October-January), and post-monsoon (February-May). Field
surveys were undertaken to the selected sampling stations of the southern region over a
period of one years from Aug 2013 to Sep 2014. The algal samples were collected in every
month during the study period by detaching a portion from the seaweed bed, kept in
polythene bags with fresh seawater, transported to the laboratory and fixed in 4%
formaldeyde for further studies. The seaweeds were identified using the taxonomic keys
provided by Umamaheswara Rao (1987), Desikachary et al. (1990, 1998) and Krishnamurthy
(1999), and the nomenclature was updated using Appeltans et a. (2012).

The seasona distribution of seaweeds was studied by submerging test panels for a
period of one year from Aug 2013 to Sep 2014. Test panels made from teak wood with asize
of 10 x 10 x 2 cm were vertically placed in a suitably designed wooden raft with groovesin
such away so as to keep a 10 cm distance between panels. The raft with panels (in replicate,
n = 6) was suspendedat 2 m depth in the coastal waters using floats and sinkers. Each panel
was studied for the seaweed species composition and biomass. The total and the differential
biomass (wet weight) of the seaweeds were estimated after carefully scrapping them from the
panels and weighing them.

RESULT

A maximum of 96 seaweed taxa were collected from the southern coast (Table 1).Out
of the 96 species recorded 32 species occurred in all the month of the study period. Among
the Chlorophyta prevailed with 30 taxa followed by Rhodophyta (49 taxa) and Phaeophyta
(16 taxa). Ulva fasciata Delile, Sargassum wightii Greville, Chaetomorpha linum
(O.F.Mlller) Kitzing, Gracilaria edulis (Gmelin) Gurgel et Fredericq, Dictyota dichotoma
(Hudson) Lamouroux, Caulerpa sertulariodes (Gmelin) Howe, Acanthophora muscoides
(Linnaeus) Bory de Saint-Vincent and Ulva compressa Linnaeus were the commonly found
seaweeds in the rocky shores and other submerged hard surfaces. Ulva fasciata is the
common green alga inhabiting the rocky shores of this region. During the monsoon season
(October-January), Ulva fasciata forms thick mats covering the entire rocky substratum
Chaetomorpha linum, and Caulerpa sertulariodes are the other dominant green seaweeds
taxaobserved during this period of study.
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Table 1: List of seaweed occurring at four stations of southern coast region of

Tamilnadu
S.No. Name of the Seaweeds

1 Enteromorpha compressa (L.) Nees +
2 Enteromor pha flexuosa (Wulfen) J. Ag. +
3 Enteromorphalinza (L.) J. Ag. +
4 Enteromorpha prolifera(O.F.Muller) +
5 Ulva fasciata Delile +
6 Ulva lactuca L +
7 Ulva reticulata Forssk -
8 Chaetomor pha antennina (Bony) Kutzing +
9 Chaetomorpha litorea Harvey +
10 Chaetomorpha glamerata L +
11 Chaetomorpha area (Dillwyn) kutzing +
12 Halimeda macroloba Decaisne -
13 Halimeda tuna (Ell. et. Sol.) Lamour -
14 Halimeda opuntia L -
15 Halimeda gracilis J.Agardh .
16 Caulerpa chemnitzia (Esper) Web v Bosse
17 Caulerpa recemosa(Forsskal) J.Agardh +
18 Caulerpa peltata (J.V.Lamouroux) +
19 Caulerpa sertulariodes (SG.Gmelin) M.A.Howe +
20 Caulerpa taxifolia(Vahl) G.Agardh +
21 Caulerpa serrulata(Forsskal) J.Agardh +
22 Caulerpa fergusoni G.Murry +
23 Caulerpa "scalpeliformis(R.Brown) C.Agardh _
24 Caulerpa lativerance Montagne +
25 Caulerpa crassifolia (C. Ag.) J. Ag +
26 Bryopsis plumosa (Huds.) C. Ag. +
27 Cladophorapora facicularis -
28 Cladophorapora glomarata
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29 Codium decorticatum Howe -

30 Valoniopsis pachynema (Martens) Boergs. +
31 Dictyota bartayresiana Lamour oux +
32 Dictyota dichotoma (Huds.) Lamouroux +
33 Dictyota divaricata Lamouroux +
34 Soechospermum marginatum (C. Ag.) Kutzing +
35 Padina pavonica (L.) Thivy ex Taylor +
35 Padina boergesenii Allender & Kraft +
36 Padina austrilis +
37 Padina boryana +
38 Spatoglossum asperum J. Ag. -

39 Chnoospora implexa J. Ag. -

40 Chnoospora minima pappenfuss. +
41 Colpomenia sinuosa (Mertens ex +
42 Rosenvingea intricata (J. Ag.) Boergesen +
43 Sargassum duplicatum C.Ag. +
44 Sargassum duplicatum C.Ag. +
45 Sargassum linearifolium (Turner) C.Ag. +
46 Sargassum tenerrimum J.Ag. +
47 Sargassumwightii Greville +
49 Ecotocarpus simplicursculas -

50 Hydroclathrus clathratus +
51 Cystoseria indica +
52 Hormophysa cuniformis -

53 Cryptonemia coriacea Schmitz +
54 Amphiroa anceps (Lamarck) Decaisne -

55 Amphiroa fragilliissma +
56 Dermonema frappieri (Mont. & Millard. ex _

Maill.) Boerg.
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57 . Liagora ceranoides Lamouroux -
58 Gelidium micropterum Kuetz. A. +
59 Gelidium pusillum (Stackhouse) Le Jolis +
60 Gelidiella acerosa (Forssk.) Feldm. & Hamel

61 Hamel Corynomorpha prismatica (J. Ag.) J. Ag. +
62 Grateloupia filicina (Wulf.) J. Ag. +
63 Halymenia floresia (Clem.) C. Ag. +
64 Jania rubens (L.) Lamouroux -
65 Portieria hornemannii (Lyngbye) Slva -
66 Gracilaria corticata J. Ag. +
67 Gracilaria crassa (Harvey) J. Ag. +
68 Gracilaria cylindrica Boergesen +
69 Gracilaria edulis (Gmelin) Slva +
70 Gracilaria fergusonii J. Ag. +
71 Gracilaria foliifera (Forsskal) Boergesen

72 Gracilaria kanyakumariensis +

Umamaheswara Rao

73 Gracilaria verrucosa (Hudson) Papenfus +
74 Ahnfeltiopsis densa (J. Ag.) Slva et Decew +
75 Sarconema scinaioides Boergesen +
76 Solieria robusta (Grev.) Kylin +
77 Hypnea musciformis (Wulf.) Lamouroux +
78 Hypnea valentiae (Turner) Montagne

79 Rhodeminia sonderi Slva +
80 Botrycladia leptopoda (J.Agardh) Kylin -
81 Gelidiopsis variabilis (Grev.) Schmitz -
82 Champia indica Boergesen -
83 Champia parvula (Agardh) Harvey -
84 Ceramium procumbens Setchell et Gardner +
85 Centroceras clavulatum (C. Ag.) Montagne +
86 Soyridia hypnoides (Bory) Papenfuss -
87 Griffithsia corallinoides (Linnaeus) -

Trevisan
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88 Dictyurus purpurascens Bory +

89 Enantiocladia prolifera (Greville) +
Falkenberg

90 Neurymenia fraxinifolia (Mertens) J. Ag. +

91 Acanthophora muscoides (L.) Bory +

92 Acanthophora spicifera (Vahl.) +
Boergesen

93 Laurencia flagellifera J. Ag. +

94 Laurencia obtusa (Hudson) Lamour oux -

95 Laurencia papillosa (Forsskal) Greville -

96 Laurencia poiteaui (Lamouroux) Howe +

The brown seaweeds (Phaeophyta) are represented by 16 taxa and Sargassum wightii
is the dominant one. Dictyota dichotoma and Padina antillarum (Kitzing) Picone are also
abundantly observed on the intertidal rocky reefs. A rich growth of Sargassum sp.pl. was
observed during pre-monsoon and monsoon months. Sargassum sp. pl. was harvested during
October-December period by the local people. Colpomenia sinuosa (Mertens ex Roth)
Derbes et Solier was commonly observed on the artificial substrata submerged in the
seawater. Rhodophyta of the southern coastal waters consisted of 69 taxa. Gracilaria
corticata (Ag.) Agardh, Hydropuntia edulis (Gmelin) Gurgel et Fredericg, and Acanthophora
muscoides (Linnaeus) Bory de Saint-Vincent were the dominant red seaweeds observed
during this study period. Amphiroa sp. and Hypnea valentiae (Turner) Montagne were aso
commonly observed on the rocks. Gracilaria sp.pl. were abundantly observed during May-
October period. Acanthophora muscoides and Hypnea valentiae were abundant during
November-January period on the rocky shores.

Table 2. Biomass of seaweeds settled on the wooden test panels submerged in pre-
monsoon, monsoon and post-monsoon season period at southern coast. The wet biomass
values are expressed as g/dm2.
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S. No Pre-monsoon | Monsoon Post-monsoon

1| Ulvafasciata 5.66+1.17 2.92+0.80 1.70+0.04

2| Ulva compressa 3.18+0.90 4.70+0.90 1.60+0.20

3| Caulerpa sertulariodes 250+ 0.76 4.70+0.90 1.87+0.09

4| Padina pavonica 3.67£1.17 3.80+£0.71 1.71+0.48

5| Sargassum wightii 4.56+1.14 0.81+0.12 2.2+30.69

6| Hypnea musciformis 4.30£1.70 4.54+1.79 1.32+0.40

7| Acanthophora muscoides | 3.34+1.00 2.21+0.85 2.32+0.19

8| Laurencia papillosa 2.43+0.75 3.24+0.10 1.43+0.43
Total algal biomass 27.84+8.90 32.13+6.16 11.83+ 2.99

The test panels immersed during Aug 2013 and examined at the end of September
2014 (pre-monsoon) showed atotal algal biomass value of 32.13+6.16 g/dm2 (Table 2). The
macro-algal community of the panels submerged during this period was dominated by Ulva
fasciata (5.66+1.17 g/dm2) and Ulva compressa (4.70+0.90 g/dm2) (Table 2). (2.5+ 0.78
g/dm2) was also observed as one of the dominant groups in this panel series. Sargassum
wightii, Padina and Hypnea valentiae were also observed. The panels exposed during the
monsoon season showed a biomass value of Ulva compressa (4.70+0.9 g/dm2) and
Acanthophora muscoides (3.34+1.00 g/dm2). The biomass of Ulva fasciata Delil on this
panel series was 1.92+0.72 g/dm2, while Hypnea valentiae recorded a very low biomass
value of 1.32.6+0.40 g/dm2. Sargassum wightii was also observed on the panels with a
biomass of 2.2+0.69 g/dm2.

DISCUSSION

The Tamil Nadu coast was surveyed during 1971-1976, covering a distance of
320km from Rameswaram and adjoining islands to Melmidalam (Colachal) by CSMCRI, in
collaboration with Central Marine Fisheries Research Ingtitute (CMFRI), Cochin and
Department of Fisheries, Government of Tamil Nadu. The survey was conducted in five
sectors. The total standing crop of seaweeds in the intertidal region of Tamil Nadu was
estimated at 22,044 tons (FW) in a potential area of 9891.35ha of the 20,000ha total area
surveyed (Anon, 1978). In India, about 850 species of seaweeds were reported (Oza and
Zaidi, 2001) and their commercial exploitation has been commenced from 1966 onwards. At
present industries were annually utilizing 1518 tons (DW) of red seaweed and 2285 tons
(DW) of brown seaweed for the manufacture of agar, agin and liquid fertilizer (Kaliaperumal
et al., 2004).
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Seaweeds play a pivotal role as one of the main groups of primary producers in
marine ecosystems. Diversity, distribution and abundance of seaweeds are known to be
influenced by both physical and biological factors (Lobban and Harrison, 1994; Nybakken,
2001). Grazing pressure, a biological factor, has been regarded as the major factor controlling
the structure of macro algal communities (Anderson and Underwood, 1997; Underwood,
1998). There have been various studies on inter and intra specific competition for nutrients
and space of macroalgae during the last fifteen years (McCook, 1997, 1999, 2001; Miller and
Hay, 1998; McCook et al., 2001; Lirman, 2001) and they are known to determine patterns of
macro algal dominance or exclusion in coral reefecosystems.

Studies made on Indian seaweeds have been reviewed from time to time by many
workers (Agharkar, 1923; Biswas, 1932, 1934; Joshi, 1949; lyengar, 1957; Randhawa, 1960;
Srinivasan, 1965). Boergesen published a series of papers on the green, brown and red algae
of the northern parts of the west coast (Boergesen, 1930, 1931, 19323, b; 19334, b; 1934 a, b;
1935) and red algae of South India (Boergesen, 1937 a, b; 1938). A genera review of the
marine algae of the western coast was published by Biswas (1945). Srinivasan (1946) studied
the marine algal flora of Mahabalipuram. Varma (1960) studied the seaweeds growing on the
pearl and chank beds off Tuticorin. Srinivasan (1960) gave a detailed account of marine algae
of the east and west coasts of India and reported on the occurence of 162 genera and 413
species of marine algae from the Indian seas. Misra (1966) prepared a monograph on brown
algae occuring along the Indian seas. The agal flora of Tiruchendur wasmarine algae and
their distribution aong the maritime states of India. Ecology and zonation of seaweeds in the
Gulf of Mannar along the southeast coast of Bay of Benga have been studied by
Umamaheswara Rao (1972), Subbaramaiah et al. (1977), Krishnamurthy (1980),
Krishnamurthy and Balasundaram (1990), Ganesan and Kannan (1995), Rodlin et al. (1997)
and Edwin James et al. (2004). The marine green algal flora of Kollam coast, Kerala, South
India was reported by Sulekha and Panikkar (2006). The present scenario on alga flora of
Krusadai Island has been depicted by Krishnamurthy (2008). Arulmurugan et al. (2008) have
studied the seasonal variation in hydrography and diversity of seaweeds at Kodiakkarai coast
and reported by Krishnamurthy (1980). Untawale et al. (1983) enumerated 624 species
ofMuthupet lagoon. Although all seaweeds are beneficial to man in one way or the other,
only 49 species are presently found to be useful either as directly edible materials or as
industrial raw materials (Chennubhotla et al., 19873).

Studies on the diversity and distribution of seaweeds in Indian waters were carried
out by severa authors (Untawale et a., 1989; Kaimuthu et al., 1995; Jayachandran &
Ramaswamy 1997; Kaliaperumal & Kalimuthu, 1997; Stella Rodlin et a., 1997; Selvarg) &
Selvarg), 1997; Mohammed et a., 1999; James et al., 2004; Krekar, 2004; Rath & Adhikary,
2006). Southeast coast of India is a unique marine habitat characterized by a high
biodiversity. Results of the present study indicate the occurrence of 32 seaweed taxa in the
Kudankulam coastal waters;, most of the seaweeds such as Sargassum wightii, Ulva fasciata,
Gracilaria corticata and Chaetomorpha linum, are abundantly observed on the rocks during
the pre-monsoon (June-September) and monsoon months (October- January). The richness of
seaweed resources is due to the intertidal rocky reefs available in the Kudankulam region.
The seaweed flora observed in the present study is similar to that reported from the nearby
Tiruchendur coast (Chennubhotla et al., 1991). Marine ecologists have along history of using
artificial substrate and habitats to test hypothesis about sessile plants and animals (Osman,
1977; Sutherland & Karlson, 1977). In this study, settlement panels were used to analyse the
seasonal distribution of macroalgal communities. The seaweed biomass on test panels was
high during pre-monsoon and monsoon seasons. In an earlier study (Satheesh & Wesley,
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2007), we have reported that Gracilaria sp., Enteromorpha sp., and Ulva sp., showed dense
settlement during pre-monsoon and post monsoon months on test panels.

The observed pattern of seasonal distribution is likely to be related to the life
history of the alga, particularly the dispersal abilities of its spores. The supply from
macroalgal propagule may influence the abundance of agae in littoral habitats (Worm et dl.,
2001). As the test panels provide limited space for the settlement of marine organisms
including seaweeds, the seasona biomass of only a few species could be observed in this
study. Gradual rise in the anthropogenic influence, impact of the possible thermal discharge
from the emerging nuclear power station and the indiscriminate collection of agae (mostly
Sargassum sp.) may be the cause of concern for the biodiversity of algal species at
Kudankulam coast. Both frond bleaching and cell plasmolysis of algae were observed in
thermal effluent discharge areas (North, 1969; Lobban et al., 1985). These negative effects
may reduce the survival and growth of seaweeds, resulting in extensive reductions in the
number of species of marine algae (Wood & Zieman, 1969). The present study could be
useful as new baseline record for future biomonitoring studies in this coast. Further
systematic studies on the seaweed resources may provide useful data for the conservation of
marine algal resourcesin thisregion.

An account of 46 species of seaweed occurring at Trichendur was given by
Krishnamurthy (1980). Seaweeds were collected from six localities in Gulf of Mannar
namely Tuticorin, Manapad, Trichendur, Idinthakarai, Kovalam and Muttam (Kaliaperumal
and Pandian, 1984). The number of seaweed species recorded from these places was 56, 43,
34, 41, 38 and 25 respectively. A total number of 155 species have been reported in the
seaweed resources survey conducted from Rameswaram to Athankarai and from Thonithural
to Melamidalam covering 21 islands in Gulf of Mannar at 0 to 4m depth during 1971-1976.
In this survey, 102 species of seaweeds were recorded (Anon, 1978). Varma (1960) reported
51 seaweed species from pearl beds from Tuticorin. Mahadevan and Nagappan (1967)
recorded 12 numbers of in deep waters of Tuticorin.

A total number of 99 seaweed species (20 species of green algae, 18 species of
brown algae and 61 species of red agae were encounted in the seaweed resources survey
conducted at deep waters from Dhanushkodi to Kanyakumari (Kaligperumal et al., 1998).
The total number of genera and species of seaweed belonging to three divisions, occurring at
Kanyakumari, Vattakottai, Kootapuzhi, Kudankulam and ldinthakara were 18 listed.
Maximum number of 98 seaweed species from Kudankulam and minimum number of 62
species from Kootapuzhi were recorded. A total number of 96 species from Idinthakarai, 94
from Kanyakumari and 67 species from Vattakottai were collected. The red algae dominated
in all these places than the green and brown algae. Totally 121 species were recorded in all
the five places of which 31 species belong to Chlorophyta, 25 specie s to Phaeophyta and 65
species to Rhodophyta (Edwin, 2004).

Water motion, a physical factor, has been proven to be a key determinant of macro
algal production (Lobban and Harrison, 1994), influencing a number of abiotic and biotic
factors that control macro agal zonation and community structure, including nutrient
availability, temperature (Costa et al., 2002) and rates of herbivory (Lubchenco, 1978; Kim,
1997; Lotze et al., 2000; Belliveau and Paul, 2002). Water motion can aso influence the
community structure via wave action (Lobban and Harrison, 1994), which influences
propagul e dispersal, fertilization, settlement and recruitment (Vadas et al., 1990; Serrao et al.,
1996; Costaet al., 2001).
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ROLE OF SPIRULINA MAXIMUSAND VITAMIN C ADDED DIETS
ON GROWTH RESPONSES OF CYPRINUS CARPIO
M.Manohar,' M.Mohan,? P.Ganesh?
'E.R.K.College of Arts & Science, Erumiyampatti, Dharmapuri Dt
COE., Mahindra Engineering College, Salem
3Asst.Prof., Department of Microbiology, Annamalai University, Chidambaram.

Introduction

Aquaculture is one among the fastest growing food producing systems, which has been
emerged recently as an industry and now it is made possible to supply protein rich food
throughout the world. Spirulina is often used as the converse of antibiotics. Spirulina can be
viewed as promoter of life.

Spirulina

Soirulina, a genus of blue green agae (BGA), is a ubiquitous component of
phytoplankton. Spirulina is a nutrient dense material containing over 60% protein, a rich
source of al vitamins (Venkataraman, 1998). Even though application of Spirulina in
aquaculture has been practically followed for long period lessis known particularly to Indian-
aqua farmers. This may be attributed to the special feeds, particularly larval feeds being
imported from Taiwan, USA and Japan (Avigad Vonshak, 1997).

Materialsand M ethods

Growth experiments were carried out in the Center for Aquaculture Research
Extension (CARE-aqgua-farm), St. Xavier’s College, Palayamkottai, Tamil Nadu. The
experimental fish Cyprinus carpio (Common name: Common carp, Tamil: Satha Kendai)
were procured from the Government Fisheries Farm, Manimuthar. The reared juveniles had
an average length of 4.7+0.02 cm and body weight of 12.4+0.25 g. The ten juvenile carps
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were introduced into each trough of 40-liter capacity filled with 30 liter of water. Triplicates
were maintained for each experimental diet. The fresh water was well aerated and the water
quality parameters (pH, dissolved oxygen, temperature, total alkalinity, ammonia, and
electrical conductivity) were measured periodically following standard methods (APHA,
1998).

Feed Preparation

For our present study, seven diets were prepared by incorporating Spirulina maximus,
and Vitamin C viz.

= SD1- Algae, Spirulina maximus incorporated diet at 10%

= SD2- Algae, Spirulina maximus incorporated diet at 20%

= SD3- Algae, Spirulina maximus incorporated diet at 40%

= VD1 - Vitamin Cincorporated diet at 0.05%

= VD2 - Vitamin Cincorporated diet at 0.1%

= VD3- Vitamin Cincorporated diet at 0.2% and Control diet.

The composition and formulation of all the diets are also given in Table 1.

I ncorporation of Spirulina maximusin feed

The Spirulina maximus incorporated feeds were prepared with various levels of
Spirulina viz., 10%, 20% & 40% and were designated as SD1, SD2 and SD3 respectively.
The algal strain Smaximus were collected from Elvess Biotech Consultancy Pvt. Ltd. Mysore
and mass cultured in the Laboratory using simplified CFTRI medium. Wet algal biomass was
washed using sterile water in 1:10 ratio and re-filtered. The washed algal culture was dried in
trays and spreaded on a plastic sheet kept in auminium tray of 1.2mm thick. They were dried
in sun/ cross flow drier for 4-6 hours, and stored in polyethylene bags, at room temperature
and kept away from sunlight (V enkataraman, 1998).

Vitamin C. Incorporated Fish Diet

A stable and bio available form of vitamin C (Rovimix stay C-95%) was obtained
from Roche chemicas, Mumbai. Diets incorporated with vitamin C at 0, 0.05%, 0.1% and
0.2% were fed to common carp.

Chemical Analysisof ingredientsand test diets.

The ingredients of feeds were analyzed following the standard procedures (AOAC,
1990).

Protein: The protein present in the feed sample was estimated following Lowery
method (Lowry et al., 1951). Lipid: The Lipid present in the feed sample was estimated by
following chloroform methanol method (Floch et al., 1957). Carbohydrate: The carbohydrate
present in the feed sample was estimated by following Anthrone method (Carral et al., 1956).

Growth Parameters of C.carpio

To study the growth of fish fed with different diets, various growth parameters and
survival rate were determined at every 15 days of intervals for the total duration of 60 days
(Shivananda Murthy and Ramachandra Naik 2001).
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RESULTS
Per centage composition of experimental diets

The percentage composition of ingredients used in the formulated diets of Cyprinus
carpio is given in the Table 1. The control feed has fish mea (32%), groundnut oil cake
(30%), rice bran (13%), wheat flour (12%), tapioca flour (10%), cod liver oil (2 ml) aong
with vitamin mineral mix (1%). The experimental diets were grouped into two types. The
first type of feed had Spirulina maximus in three different concentrations (viz., 10%, 20% and
40%) by partia replacing the fish meal and groundnut oil cake and second group of feed was
incorporated with vitamin ‘C’ in three different concentrations (viz., 0.05%, 0.1% and 0.2%)
by partial replacing the tapiocaflour.

Proximate estimation of ingredients

The proximate composition of ingredients used in formulated diets is given in
Table 2. Among the ingredients S. maximus has the highest protein content (61.7%) followed
by fish meal (52.05%) and then groundnut oil cake (47.3%). The carbohydrate level was
found to be higher in tapioca flour (44.9%) followed by wheat flour (29.5%) and rice bran
(21.7%). The carbohydrate content was found to be least in fish meal (1.7%). The crude fat
content was found maximum in fish meal (12.3%) and it was found minimum in tapioca flour
(0.2%). The crude fiber content was found to be maximum (19.9 %) in rice bran and it was
followed by wheat flour (12.4 %) and Smaximus (11.8 %).

Proximate composition of formulated diets

The proximate composition of test dietsis given in Table 3. Among the 7 formulated
feeds, the highest protein content was noticed in SD3 diet (40.79 %), followed by the diet
SD2 (39.63%).The ash content was noticed as 10.57% (SD3).

Growth parameters of Cyprinuscarpio

The growth responses of C. carpio fed with S maximus and vitamin C is given in the
Table 4.The experiments showed that the all the diets were readily accepted by C.carpio.
During the feeding trial, the observed survival rate ranged from 73 % (control diet) to 97 %
(SD3). The growth parameters like weight gain, specific growth rate (SGR), food conversion
ratio (FCR), feed efficiency ratio (FER), and protein efficiency ratio (PER), of the
experimental fish are found to be highly significant (P<0.001).

The results pointed out that the growth response of C.carpio is found to be
positively influenced by the higher concentration of S maximus incorporated diet SD3. Itis
evident from table 4 that the fish fed with SD3 diet showed maximum SGR (0.41+0.009%),
followed by those fed with SD2 (0.37+0.008 %).

The average weight gain of the fish ranged between 16.43% and 75.56%. The
lowest value was recorded in fishes fed with control diets. The maximum weight gain
(75.56+0.23) was recorded in fish fed with SD3 diet. The best food conversion ratio (FCR)
of 1.78+0.231 was observed in the experimental fish fed with SD3 diet, whereas control diet
fed fishes showed the poor FCR (6.79+1.27). The maximum feed efficiency ratio (FER) was
observed in SD3 (56.20+£4.73) and minimum FER in control diet (14.72+2.14). The better
protein efficiency ratio (PER) of 1.40+0.23 was aso found in SD3 followed by SD2 diet
(1.24+0.13) fed fishes. The very low PER value (0.40+0.04) was observed in control diet.

It is evident that a gradual increase in specific growth rate was observed in fish fed with
SD3 diet and there after the values showed a decreasing trend in the rest of the fishes.
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Discussion
Growth parameters of Cyprinuscarpio

In our present study, an addition of algae (Spirulina maximus 10%- SD1;
20%- SD2; 40% - SD3/g) and vitamin ‘C’ (50mg — VD1; 100 mg VD2; 200mg — VD3/g) in
different levels resulted better performance. Growth and feed utilization responses of fishes
mainly depend on the food quality and quantity as well as the body size (Pandian, 1967). Of
the different types of experimental diets tested, encouraging results were observed when the
test fish were fed with SD3, SD2, and SD1 diets, whereas the rest of the fishes showed
comparatively lesser growth. Among all the experimental diets, the SD3 (75.56 +0.23%)
gave maximum weight gain, followed by SD2 (67.04+0.24%), and SD1 (59.69+0.43%)
(Table 4). The percentage of increase in weight gain of the experimenta fishes over the
control fish fed fishes. The maximum percentage weight gain (75.56 +0.23%) was observed
in SD3 fed fishes over the control diet. Our findings correlated well with those of Uma and
Subramanian (2001). They found that Synechococcus elongates and Spirulina rebselse were
promoted the growth of ruminants. The results of our present study is also supported by
Nandeesha et al., (1993). They have demonstrated the suitability of Spirulina algal biomass
as a valuable feed supplement in C.carpio. De Silvaet al., (1990) conducted field trials with
Spirulina based diets in Indian major carps and recorded encouraging results. Mohanty et.al.,
(1996) also observed better specific growth rate(2.33%) and weight gain (52.18%) in Labeo
rohita fingerlings fed with higher concentration of algal diet. The above all findings
recommended Spirulina as promoter of nutrition such as vitamins, minerals etc that promote
growth.

The specific growth rate (SGR) was maximum (0.41+0.009%) in SD3 fed C.carpio
followed by SD2 (0.37£0.009%). The maximum percentage of increase of SGR
(0.41+0.009%) observed in SD3 over the control (0.11+0.009%), which is followed by SD2
(0.37£0.009%). There is a significant difference in SGR (P<0.001) observed between the
treatments (Table 4). Similar results were aso reported by Mbahinzireki (2001) who found
the highest average weight gain in C.carpio (79.29+1.96%) fed with 40% Spirulina
substitution with fishmeal in the diet. He also observed that the growth rate and FCR for
common carp varied depending on the experimental diets including 10%, 20% and 40% of
Spirulina which showed better significant daily weight gain, feed efficiency ratio and SGR.

The growth studies (food conversion ratio — FCR; feed efficiency ratio — FER;
protein efficiency ratio — PER) of C.carpio have clearly indicated that Smaximus
incorporated diets (SD3 and SD2) induced growth and digestibility due to the high protein
and fiber content of Spirulina. There is a significant difference (P<0.001) between the
treatments in the observed FCR, FER and PER (Table 4). The percentage increase in FER
and the percentage decrease in FCR observed in experimental fishes over the control diet fed
fishes. It was revealed that the maximum increase in FER (56.20+4.73%) and maximum
decrease (1.78+0.231%) in FCR were observed as a function of diet SD3 followed by SD2,.
Umesh et al., (1999) too observed similar evaluation of Spirulina platensis (10-90%) in
C.carpio at different levels. The maximum digestibility was observed in 50% Splatensis
incorporated diet. The results of the present study were supported by Mohanty et.al., (1996)
who found the best FCR(1.69), and higher PER(1.77%) in catla (Catla catla. Ham) fed with
Spirulina incorporated diet.

C.carpio with the vitamin C incorporated diets was found to have maximum growth
rate (0.20+£0.009%) in VD3 over the control fed (0.11+0.009%) ones. Our findings well
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coincided with the results of Aguirre (1999) who obtained better results with vitamin C
incorporated diets fed to red drum (Sciaenops ocellatus).

The overall performance of different diets with algal, and vitamin *C’ in the present
investigation was found to be better, when compared to the control diets (Table 4). Among
these diets the maximum weight gain, specific growth rate, feed efficiency ratio, protein
efficiency ratio and minimum food conversion ratio were attained in the case SD3 (40%

Spirulina maximus incorporated diet) followed by SD2 (20 % Spirulina incorporated diet),

Table 1 Percentage composition of experimental diets

Ingredients Control D1 SD 2 D3 vD1 |vD2 |VD3
Fish meal 32 13 32 32 32
Groundnut oil 30
cake 30 1 29 1 30 30
. 13
Rice bran 13 13 13 13
3 3
12
Wheat flour 12 5 12 5 12 12
Tapiocaflour | 10 o |10 o |95 |9 8
Cod liver oil | 2 2 2 2 2
Vitamin & 1
Mineral mix 1 1 1 1
Spirulina i 0 i i -
maximus 0% 20% 0%
Vitamin ‘¢’ | - ) 500 1000m | 2000
mg g mg
*Vaues represent means of triplicate
Table 2 Proximate composition of feed ingredients
Crude | Crude Crude | Crude
Ingredients | Protein | Carbohydrate | fat fibre |Ash
%) | (%) %) | @) |0
Fish meal 5405 |17 123 |45 28.9
Groundnut il 473 | 7.1 77 |65 |79
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Rice bran 11.2 21.7 39 19.9 1.9
*Vaues
means of Wheat flour | 19.7 295 1191 | 124 4.3
Tepioca 139 | 449 02 |96 11.4
flour
Spirdlina | 5, 2| g5 49 |18 |21
maximus
Table 3 Proximate composition of formulated diets
_ Protein Carbohydrate | Lipid 0
Diet | (gf) (%) o | ANCO
Control 37.32 21.72 8.19 9.41
SD1 38.49 20.17 7.75 10.17
SD 2 39.63 21.09 7.43 10.23
SD 3 40.79 21.84 7.21 10.57
VD 1 37.18 20.33 8.41 9.52
VD 2 38.23 22.58 7.63 9.28
VD 3 37.48 19.39 8.68 8.91

*Vaues represent means of triplicate

represent
triplicate
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Table 4 Growth responses of Cyprinus carpio fed with Spirulina and vitamin ‘C’

Growth

CON [SD1 [|sDh2 [SD3 vDl1 |vD2 |vD3
parameters

Average 11403 [1648 [1657 [1659 [15.84 [16.07 [16.13
fina weight
@ +1.34 049 #1.25 133 118 K1.06 [+1.17

_A‘_’t‘?;lage 12.05+ [10.32 [9.92 1945 [12.82 [12.64 [12.17
1NITI
weight (9 (093 119 *132 #157 107 03 021

Weight gain6.43" [59.69% 67.04" [75.56% [23.56™ [27.14' 32.54'

% +1.27 H043 [+0.24 023 098 H1.01 [+0.97
0.11' [0.34¢ [0.37° |0.41® [0.15" |0.17" |0.20¢
SGR (%)
+0.009 +0.012 [+0.009 +0.009 [+0.006 +0.006 H0.009
R 6.79% [2.26%° .07 [1.782 4.83° |4.49° [3.98™
+1.27 10.331 +0.241 #0.231 [+0.984 1+1.015 H0.964
14.729 44.25° 48.40° [56.20° [20.71'9 [22.27¥ [25.10%
FER (%)
+214 H3.74 419 #4733 [#293 207 R2.13
- 0.40° [1.16® [1.24* [1.40® |0.56™ [0.59°* |y ggode

+0.04 019 [+0.13 H023 #0.10 r0.12 RO0.11

Fig.3.Proximate composition of formulated diets
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Fig.2.Proximate composition of feed ingredients
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1. Introduction

The microorganisms have developed resistance to many antibiotics because of
indiscriminate use of antimicrobia drugs that create a big problem in the treatment of
infectious diseases (Davis, 1994). Plant based antimicrobials represent a vast untapped source
of medicines even after their enormous therapeutic potential and effectiveness in the
treatment of infectious disease; hence, further exploration of plant antimicrobials needs to
occur (Parekh et al., 2007).

Marine algae represent a great source of a vast variety of complex natural products
and could be a promising source of a novel bioactive compound that can help plant survival
by offering protection against stress imposed by pathogens. Marine algae may have severd
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applications in agriculture (Chandia et al., 2008). It has been reported that seaweeds possess
compounds exhibiting antimicrobial potential against the pathogenic microbes of medical,
agricultural, and environmental importance. Thus, antiviral, anthelmintic, antifungal, and
antibacterial activities have been detected in green, brown, and red algae (Damonte et al.,
2004, Mayer et al., 2009). There are numerous reports on the biological activities of
macroal gae against human pathogens, fungi, and yeast (Newman et al., 2003).

Seaweeds might use targeted antimicrobial chemical defense strategies by eliciting
secondary metabolites, which are important in ecological interactions between marine macro
organisms and micro organisms (Kubanek et al., 2003). Therefore, seaweeds could be a
promising source of novel bio-active compounds that can help plant survival by offering
protection against stress imposed by the environment. The present study was, therefore
carried out to assess the antibacterial activity of six different solvents of Ceramium Sp.
against human bacterial (Gram negative) pathogens.

2. Materialsand Methods

2.1. Chemicals
All the Chemicals procured were analytical grade. Muller Hinton broth, Agar and
sterile disc were purchased from Hi-Media, Mumbai, India.

2.2. Collection and Processing of Algal sample

The seaweed samples were collected during the low tidal conditions from Muttom
(8°07"N 77°18"E) India. The seaweed was handpicked or collected with the help of scalpel
and immediately cleaned with seawater to remove foreign particles, sand and epiphytes. Then
the seaweed was kept in an ice box and immediately transported to the laboratory and cleaned
thoroughly using tap water to remove the salt on the surface of the sample. Then it was
spread on blotting paper to remove excess amount of water. The dried sample was powdered
in amixer grinder and stored.

2.3. Phytochemical screening

Phytochemical screening of agueous extract of Ceramium sp. was made to check the
possible biomolecules involved in the Ceramium sp. The extract was then centrifuged at
5,000 rpm for 20 min at 4'C and filtered. Phytochemical characterization was carried out
gualitatively to detect the presence of akaloids, phenols, saponins, proteins, carbohydrates,
steroids, tannins, flavonoids and anthocyanins by standard methods [Harbone, 1998;
Sofawara, 1993].

2.4. Preparation of algal extract

The finely ground algal samples were weighed and 10 g were mixed with 100 ml of
various solvents (1:10, w/v); 100% Ethanol, Methanol, Acetone, Hexane, Diethyl ether and
Ethyl acetate respectively. The crude preparation was left overnight in the shaker at room
temperature and then centrifuged at 4000rpm for 24 hrs. Then the samples were filtered using
Whatman filter paper No. 1 to separate the filtrate and the extracts were freed from solvent by
evaporation.

2.5. Growth and Maintenance of Test Microor ganisms

Bacterial culture of Escherichia coli, Salmonella typhi, Vibrio cholerae and
Proteus mirabilis were obtained from R.M.M.C.H, Annamala University, Annamalai nagar,
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Chidambaram. The bacterial culture were pre-cultured in nutrient broth overnight in a rotary
shaker at 37°C and centrifuged at 10,000 RPM for 5 min.

2.6. In vitro antibacterial assay

Antimicrobial activity of various extracts of Ceramium sp. was evauated by the well
diffusion method on Muller Hinton agar medium. The sterile nutrient agar medium (20 ml) in
petri dishes was uniformly smeared using sterile cotton swab with tested pure culture of
Escherichia coli, Klebsiella pneumoniae, Proteus vulgaris, Vibrio cholera and Salmonella
typhi. The wells of 5 mm diameter were made in each petri plates and various extracts of
Ceramium sp. was added. The plates were incubated at 37°C for 24 h during which activity
was evidenced by the presence of a zone of inhibition surrounding the well. The antibacterial
activity was expressed as the mean of diameter of the inhibition zones (mm) produced by the
crude extract when compared to the controls. Streptomycin was used as positive control
(Cappuccino et al., 1996).

3. Result and Discussion

The metabolic and physiological capabilities of marine organisms that allow them to
survive in complex habitat types provide a great potential for production of secondary
metabolites, which are not found in terrestrial environments. Thus, marine algae are among
the richest sources of known and novel bioactive compounds (Faulkner, 2002; Blunt et al.,
2006).

The red alga Ceramium sp. was extracted to produce 6 kinds of condensed extract,
each of which is the fraction of Ethanol, Methanol (polar), Diethyl ether, Ethyl acetate
(semipolar), and n-hexane, Acetone (nonpolar) solvents.

Phytochemical screening on Ceramium sp. by conventional methods confirmed the
presence of Phenolics and tannins whereas the remaining phytoconstituents were absent. This
observation suggests that the ingredients present in the extract are responsible for
antibacterial activity (Mulvaney, 1996). From the previous phytochemical studiesit is evident
that Ceramium virgatum is rich in phytochemica constituents like Phenolics, tannis and
lacking alkaloids, flavonoids, saponins, proteins, quinines, steroids, xanthoproteins,
carboxylic acid, coumarins, carbohydrates anthrocyanins and coumarins, [Domettila et al.,
2013]

The results indicated various degrees of growth inhibition on the test microorganisms.
Ethanolic extract of Ceramium sp. exhibited inhibitory effects against almost the tested
strains.

The five types of bacteria representing Gram-negative bacteria and Gram positive
bacteria were used in this study. Antibacterial activity of the extracts against the five test
bacteria E. coli, K. pneumoniae, V. cholerae, P. vulgaris and S. typhi characterized by a clear
zone, indicating the involvement of phytoconstituent in algae. Ethyl acetate extract of
Ceramium sp. has antibacteria activity compared to most large fraction of ethanol and n-
hexane.

Among the six different solvent extracts of Ceramium sp. the inhibitory activity was
found in the series of Ethanol, methanol, Hexane, Ethylacetate, Diethyl ether and Acetone
against the gram negative bacterium.

From this study, the ethanolic extract shows promising antibacterial activity against
amost all bacterial strains. The maximum activity was recorded against E. coli (8 mm), K.
pneumoniae (6 mm), V. cholerae (6 mm), P. wulgaris (4 mm) and the minimum activity was
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observed against S. typhi (3.8 mm). The extracts using methanol showed maximum activity
against P. wulgaris (5 mm), V. cholerae (4 mm), K. pneumoniae (4 mm), E. coli (3 mm) and
the minimum activity was observed against S. typhi (1 mm). Acetone extract of Ceramium sp.
exhibited maximum activity against P. vulgaris (3 mm) and the minimum activity was
observed) in E. coli (1 mm), K. pneumoniae (1 mm), V. cholerae (1 mm) and S. typhi (1
mm). Ethylacetate extract produced maximum zone of inhibition against E. coli (5 mm), V.
cholerae (3 mm), K. pneumoniae (2 mm) and minimum was observed in P. vulgaris and S.
typhi (1 mm). The diethylether extract observed the maximum activity against pathogen S
typhi (5 mm) and the minimum activity was observed in E. coli (1 mm), K. pneumoniae (1
mm), V. cholerae (1 mm) and P. vulgaris (1 mm). The low polar solvent as Hexane exhibited
maximum inhibitory activity against E. coli (6 mm), V. cholerae (3 mm), S. typhi (3 mm), P.
vulgaris (2 mm) and minimum activity was recorded in K. pneumoniae (1 mm).

In general, phenolic compounds possess specific physical, chemical and biological
activities that make them useful as drugs. Phenolics were aso responsible for the
antimicrobial, anti-inflammatory, anti-feedant, anti-viral, anticancer and vasodilatory actions
[Aliyu et al., 2009]. Tannins were used therapeutically as antiviral, antibacterial, antiulcer
and antioxidant agents. Many tannin containing drugs are used in the treatment of piles,
inflammation, burns and as astringent [Kolodzigf and Kiderlen, 2005]. In general, gram-
positive bacteria appeared to be more tolerant than gram-negative cells. The cell wall of
gram-positive bacteria contains multiple layers of peptidoglycon compared to the cell wall of
gram-negative bacteria. Thus, gram-positive bacteria may allow less phytochemicals to reach
the cytoplasmic membrane than gram-negative bacteria and may therefore be less susceptible.
The Ceramium sp. are aso reported to be most effective against bacteria, very low
concentrations.

Conclusion

In conclusion, the antibacteria activity of the extracts was found to be ailmost high
against al gram negative strains. The activity varied according to type of solvents used for
the extraction. Further studies are needed for isolation of bioactive compounds from seaweed
extract.
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INTRODUCTION

Seaweeds are macroalge found abundantly in coastal areas. Seaweeds produce many
biologically active phytochemicals, which includes carotenoids, terpenoids, xanthophylls,
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chlorophylls, phycobilins, polyunsaturated fatty acids, polysaccharides, vitamins, sterols,
tocopherol and pigments. Usualy red Seaweeds contain red pigments known as
Phycoerythrin  (PE), Phycocyanin (PC) and Allophycocyanin (APC). In Particular,
Phycoerythrin (PE) ared protein-pigment complex from the light-harvesting phycobiliprotein
family, present in red algae and cryptophytes, accessory to the main chlorophyll pigments
responsible for photosynthesis. Amoung them Ceramiumsp. are associated with other
seaweeds which contains R-phycocyanin, Allophycocyanin and R-phycoerythrin, a
phycobiliproteins, can be exploited for pigment extraction and utilization as natural colorant.
The phycobiliproteins are water soluble pigments, pinkish in colour and unstable in light, pH
and temperature (Sudhakar et al.,2014). Extraction of Phycoerythrin from this seaweed is a
difficult process due to its morphological appearance of small thallus. Due to the protein
nature, unique colour and fluorescence characteristics of PBPs, they have wide range of
promising applications viz. nutritional ingredients in food, colorants in cosmetics and
markers in different fluorescence techniques (Ragja et al.,2008).Antioxidant activities have
been identified in various marine agae, including red, green, and brown algae
species.(Kelmanet al., 2012).1t is well known that reactive oxygen species (ROS) are
involved in a diversity of important pathological processes in medicine including among
others: inflammatory and neurodegenerative diseases, atherosclerosis, cancer and reperfusion
injury (Shonet al.,2003). In addition to antioxidant compounds from plant sources, numerous
studies are also being carried out to identify antioxidant substances from macro and micro
algae because of their abundance and easy availability in nature.

Many studies have been devoted towards the recognition of antioxidant potential of
natural proteins originated from microalgae because of their broad spectrum antioxidant
activity. Therefore in present study, an attempthas been made to evaluate the antioxidant
potential of crude Phycoerythrin pigment from Ceramiumsp.

MATERIALSAND METHODS
Seaweed sampling

The red aga Ceramiumsp. was collected during August 2015, from the hard
substratum in the Pondicherry coast (Lat. 11°56' 27.22" N; Long. 79°50' 14.67" E). The alga
was collected at the intertidal rocky shore on the coast, where they are usually abundant in
the month of May, August and January.The collected samples were put in buffered solution
to prevent protein denaturation. Then, the samples were brought to laboratory in ice
containing box for the extraction of R-Phycoerythrin.

Extraction of crude R-Phycoerythrin (Bennett and Bogorad, 1973)

One gram of Ceramiumsp.was taken in a sterile container and grind with acid-washed
sand using mortar and pestle in phosphate buffer (pH 7.2; 1M)by centrifugation at 8000 rpm
at 4°C for 15 minutes. The proteins in the supernatant were precipitated with 60% ammonium
sulphate saturation and the mixture was stirred overnight. Then the precipitate was
centrifuged to get the crude pigment. ThePE, PC and APC pigments were assayed by reading
the supernatant at 562, 615 and 652 nm using a DU-40 Spectrophotometer (Beckman, USA).
All the subsequent purification steps were carried out at 4or repeated freezing and thawing.
Later the biomass was separated 4°C.the calculation of phycobilins was calculated using the
following equations:

Phycocyanin (mg/ml) = [A620-0.474(A652)]/5.34
Allophycocyanin (mg/ml) = [A652-0.208(A620)]/5.09
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Phycoerythrin (mg/ml) = [A562-2.41(PC)-0.849 (APC)]/9.62
Table: 1. Extraction of crude R-Phycoerythrin.

Pigment type R-phycocyanin Allophycocyanin R-phycoerythrin
mg/ml mg/ml mg/ml
Crude 0.38 0.48 0.77

Antioxidant activity

The antioxidant activity was measured by the total antioxidant method and the free
radical DPPHmethod.

DPPH Assay

DPPH radical-scavenging activity was measured according to the method of Kang
and Saltveit (2002). Two millilitres of tested sample were mixed with 1 ml of 200 IM DPPH
in ethanol solution and incubated for 30 min at 25°C. The absorbance of the mixture was
measured at 517 nm.

Results and Discussion
Pigment Quantification

The Crude phycobiliprotein contains a mixture of PC, APC and PE pigments. The
content of PC, APC and PE in crude samples was observed to be 0.38, 0.48, 0.77mg/ml
respectively (Table 1). The present results are in the better side than the previous report of
Beer and Esdl, 1985 andTello-Ireland et al., 2011, had reported PE (0.46 mg/g and 0.54
mg/g) and PC (0.28 mg/g and 0.24 mg/g) from the red alga Gracilaria chilensis. In fresh
samples of Gracilaria sp. Gomez et al reported higher amount of PE (1.25 mg/g) and alesser
amount of PC (0.11 mg/g) as compared to the present study (PE=0.78 mg/g and 0.49 mg/g
FW). Senthilkumaret al (2013) reported 0.781 mg/g of R-phycoerythrin from G. corticataas
compared to the result of present study. Sudhakar et al 2014reported 0.78 mg/g of R-
phycoerythrin from G.corticatal. Agardh var. corticata which is found to be similar to the
result of present study. Through this study the yield of R-phycoerythrin obtained was 0.77
mg/ml in crude extract.

Antioxidant activity is depends on the method adopted and the lipid system used as
substrate. Hence, the following method has been adopted in order to assess the antioxidative
potential of crude Phycoerythrin pigment from red seaweed.The results inferred that, the
crude PE exhibited highest DPPH-scavenging activity with 75.23+0.67% at the dose of
150mg. Ravi RaghavSonaniet al (2014) reported that phycoerythrin found promising
antioxidant activity compared to phycocyanin and allophycocyanin.The ascorbic acid showed
85.22 % inhibition at 150 mg.

Conclusion

The present study reveals that R-phycoerythrin in crude form extracted from red algae
Ceramiumsp. rubuns was analysed for phycobiliproteins R-Phycoerythrin and its antioxidant
activity was studied. The study revealed that crude R-phycoerythrin pigment from the red
alga showed potential activity against free radicals that’s taking as a baseline to check the
antioxidant activity. The findings of this work are useful tofurther research to identify, isolate
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and characterize thespecific pigment which is responsible for higher antioxidant activity.
Bioactive pigment found in seaweedawaits a major breakthrough for a variety of
food/medicalapplications as they have the potential for application ofsuch compounds as
natural antioxidants in differentfood/pharmaceutical products.
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INTRODUCTION

Seaweeds are macroscopic algae, which form an important component of the marine
living resource. They are available largely in shallow coastal waters wherever there is a
substratum on which they can grow and flourish. Based on their pigmentation, the seaweeds
are broadly grouped into green, brown and red. They are harvested by man for centuries,
particularly in Japan and China, where they form a part of the staple diet. The uses of
seaweeds as food, fodder and manure are well known in many countries. The three major
commercia phycocolliods extracted from seaweeds are agar agar and carrageenan derived
from red seaweeds and agin from brown seaweeds. These products are difficult to synthesize
chemically because of formidable chemical barriers and hence for these commercialy
important products we have to depend on seaweed resources (Dhargalkar and Pereira, 2005).
The demand for phycocolliods in the Indian market is much higher than what is produced and
so it imports these phycocolliods from countries like Norway, Scotland, Chile, France, Spain,
China, Japan and the Philippines. The industrial uses of seaweed phycocolliods are immense.
Some of the well recognized uses are as emulsifiers in dairy, leather, textile and
pharmaceutical industries.

MATRIALSAND METHODS
Survey

Seaweeds were collected from the intertidal to the subtidal region during low
tide of Gulf of Mannar region. Samples were taken from randomly selected spot at each site.
Herbarium specimens were prepared and identified based on the keys given by
Umamaheswara Rao (1970 and 1987). The collected plants were authenticated and the
voucher specimens (Voucher No. VOCB4098 to VOCB4128) were lodged in the herbarium
of Ethno pharmacology Unit, Research Department of Botany, V.O. Chidambaram College,
Tuticorin, Tamil Nadu, India

Laboratory culture experiments

The agarophyte Gracilaria edulis and the carrageenophyte Hypnea musciformis were
cultured in the Botany Research Laboratory for studying the effect of colchicine and
gibberellic acid on the yield of agar and carrageenan respectively

Colchicine

The akaoid colchicine (C2H2sNOg, Himedia) was used in algal culture at three
different concentrations (10, 25 and 50 pg) and maintained in triplicate.

Phytohor mone
Three different dosages ((10, 25 and 50 pg) of the phytohormone, Gibberellic acid
(C19H2,06, Loba Chemie P. Ltd.) were employed in algal culture maintained in triplicate.
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RESULTSAND DISCUSSION

Maximum amount of agar was obtained from Gracilaria edulis culture having 25ug
of colchicin whereas that of carrageenan from Hypnea musciformis culture containing 50 ug
of colchicin (Fig. 1 and 3). The phytohormone Gibberellic acid triggered maximum amount
of agar and carrageenan at 50 pg concentration in the culture of Gracilaria edulis and
Hypnea musciformis respectively (Fig. 2 and 4). Colchicine is a narcotic akaloid, related
chemically to morphine and codeine. It is a very potent poisonous substance induces
chromosome doubling in plant at very small concentration that may observe in Datura palnt
(Blakeslee and Avery, 1937). Plant growth regulators or the so called plant growth
hormones accelerated agar yield at low concentrations (Hemalatha and Rengasamy, 1999;
Kaliagperumal et al., 2003). These earlier observations support the present finding of
promotion of agar and carrageenan yield by colchicines and gibberellic acid treatment at
varying concentrations.
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INTRODUCTION

Marine macro algae are abundantly occurs in the shallow coastal area of Manapad
coast, Tamil Nadu. Marine algae are the raw material for the production of many bioactive
secondary metabolites. More number of bioactive substances may extract from macro algae
using different organic solvents. Normally the insoluble polysaccharide may found in the cell
wall of certain seaweeds are having certain bioactivity. In the present study the basic dye
toluidin blue was used to identify the polysaccharide of G. corticata.

MATERIAL AND METHODS
Collection and I dentification

The test specimen Gracilaria corticata was collected from Manapad during the low
tide. Collected plant was thoroughly washed with seawater to remove the epiphytes and sand
particles and transported to the laboratory for further use. Herbarium specimens were
prepared and identified based on the keys given by “Economical Important Seaweeds —
CMFRI Bulletin 41” by Umamaheswara Rao 1970 and 1987. The collected plants were
authenticated and the voucher specimens (Voucher No. ACBH28 to ACBH33) were lodged
in the Botany Research laboratory, Department of Botany, Adtianar College of Arts &
Science, Tiruchendur, Tamil Nadu.

ANATOMICAL ANALYSIS

The fresh sample of Gracilaria corticata was cut into small pieces and fixed
immediately in FAA (Formalin: Acetic Acid: Alcohol) for 24 hours. After fixation the
specimen was washed thoroughly in distilled water simultaneously dehydrated using alcohol
and xylol for remove excess of water. Dehydrated specimens was embedded in paraffin wax
(Merck Product, 55°C Melting Point) after infiltration (at 55°C in Hot air Oven) and
sectioned using Rotary Microtome to the thickness of 5 to 10 pum (Sass, 1940). Sectioned
materials were stained by Toluidine Blue (O’ Brien et al 1964) method. Stained specimen
was mounted using DPX (Distrene Plasticizer Xylene); is the most commonly used non
fluorescent mountant that preserve most routine stains and dries rapidly (Culling, 1963). The
images were taken by using Olympus Ch20i built with analogue camera.

RESULTSAND DISCUSSION

The seacoast of the study area Manapad coast is rocky and deep sea area placed in
India state of Tamil Nadu located at the longitude of 77.5° to 78.30°E and the latitude of 8° to
8.88°N. The study area s highly dynamic with many cyclic and random processes owing to a
variety of lithophytic algal resources like the members of Chlorophyta (Green), Phaeophyta
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(Brown) and Rhodophyta (Red) are in rich. Agar yield red agarophytic coralline seaweed
Gracilaria arerich in the near shore of the study area.

I dentification and Preservation

Collected seaweeds were preserved in the form of herbarium specimens. The specimens
were identified based on the keys given by “Economical Important Seaweeds — CMFRI
Bulletin 41” by Umamaheswara Rao 1970 and 1987. The macroscopic observations are as
follows

Gracilaria corticata - Thallusisflat, rough and leathery, minute hairs are present, dark green
with light red and the apex are dichotomously and entire.

Microscopic Observation

The photomicrograph at varying magnification showed distinct outer covering
epidermis, cortex and broad medulla. The outer thickest mucilaginous matrix appeared purple
in colour and the cytoplasm and nucleic acids showed blue in colour under 2.5 pum and 1um
of Toluidine blue, crystal violet and safranin staining. Cortex consists 1-3 layered followed
by parenchymatous broad medulla were present (Plate).

View of cell wall (100X) View of thallus (4X)

View of Medulla (10X) View of cell wall polysaccharide (40X)

Agar is a phycocolloids derived from gaactan polysaccharides, the major
polysaccharides constituents’ present in the cell walls of most marine seaweeds. Marine red
algae are the main source of polysaccharides is used for pharmaceutical applications
including anticoagulant, antiviral and immune — inflammatory activities that might find
relevance in neutraceutical, cosmeceutical and food. These sulfated galactans are primarily
classified as agar and carrageen. Specifically galactans with 4-linked o - galactans residues of
the L-series are termed as agar. The present microtechnique study revealed that extra cellular
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colloidal mucilaginous substance appeared dark purple colour that may indicate the presence
of insoluble polysaccharides are abundant in Gracilaria corticata.
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Introduction:

Costal environment play a vital role in nation’s economy by virtue of the resources,
productive habitat and rich biodiversity. India has a coastline of about 7,500 kms. The
coastline of Tamil Nadu a length of about 1076 kms constitutes of about 15% Arabian Sea.
The Tamil Nadu coast is straight along the Bay of Bengal, Indian Ocean and except the
Vedaranyam. Fringing and patch reefs are present near Rameswaram and Gulf of Mannar,
Pitchavaram, Vedaranyam and Point calimere have well developed mangrove systms Tamil
Nadu is endowed with one of the largest and richest fisheries in India.(Kannan and
Thangarg], et a 2006).

The State has 1.9 lakh sg. m of EEZ covering the three coastal zones aready
described, besides 21 coral islandsin the Gulf of Munnar, with rich habitats of corals, Coastal
Lagoons (Pulicat Lake and Muthupet Swamp) and estuaries. Mandapam camp was built in
the early 1900s by the British Government to house migrant plantation workers coming to
India from Sri Lanka. The Camp is located in South India, 700 km South of Chennal
(formerly known as Madras), the capital of the state of Tamil Nadu (Ramachandran and Asir
Ramesh et al., 2000).

A number of species such as Sargassum have adapted to a fully planktonic niche and
are free-floating, depending on gas-filled sacs to maintain an acceptable depth to live in tidal
rock pools. In this habitat seaweeds must withstand rapidly changing temperature and salinity
and even occasional drying. Seaweed compounds in different sectors,such as food
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supplements, cosmetics, biomedicine and biotechnology, are constantly under development.
Recent trends in life — style towards natural, healthy products are favourable for advancing
seaweed aguaculture in Ireland. The most suitable seaweed species for cultivation in Ireland
for the near future are those, which are already used in trials or commercia cultivation
operations in Ireland and other western countries, or species that have high levels of desired
molecules. For these specific species, a real market demand exists. These include seaweeds
for human consumption, functional food ingredients, nutraceuticals and cosmetics.

IMMUNOSTIMULANT’S:

Immunostimulants can be applied either orally (or) intravenously. The effect
generated depends on the dosage, time and mode of administration as well as on the immune
status of the organisms (Wagner et a., 1999)

Use of immunostimulants is a unique approach for fish culturalists as they under take
methods of controlling disease losses in their facilities. Immunostimulants may give by
themselves to active non-specific defense mechanisms or they may be administered with a
vaccine to activate non-specific defense mechanism as well as specific immune response.

COMMON NAME:
Blourkurper (Africans — South Africa), Common Kendai

(English:Greas) carpioCyprinidae (English, India), carpio mouth breeder and gills
injection(English), carpioGrase (English), GraseCarpio (Dominician Republic).

Although tolerant of most conditions, common carp prefer large bodies of slow or
standing water and soft, vegetative sediments. As schooling fish, they prefer to be in groups
of five or more. They naturally live in temperate climates in fresh or dlightly brackish water
with a pH of 6.5-9.0 and salinity up to about 0.5% and temperatures of 3 to 35c (Sterba,
1962). The ideal temperature is 23 to 30°%, with spawning beginning at 17-18°; they easily
survive winter in afrozen-over pond, as long as some free water remains below the ice. Carp
are ableto tolerate water with very low oxygen levels, by gulping air at the surface.

Various seaweed which have the potential of immunostimulatory or
immunomodulatory actively are identified and found to be more effective than the use of
synthetic substance as immunostimulant (Agarwal and Singh et al., 1999).

The specific objective of the present study is to investigate the effect of both acetone
and ethanol crude extract of sargassumwhittifor their specific immunostimulatory properties
with reference to antibody response in Cyprinuscarpio.

Material and methods;
SEAWEED SELECTED:

Seaweeds (Sargassumwhitti) was collected by scuba diving and handpicking from the
rocky substratum at depths of 1-2 m along the subtidal areas of Sta. Ana, Cagayan (18°25’
25.50” N, 122° 07°28.20” E), and Indian Ocean. The collected seaweeds were cleaned of
epiphytes, extraneous matter, and necrotic parts, washed withclean fresh water, air-dried at
room temperature for two weeks, cut into small portions, and powdered using a hammer mill
and a mechanical food blender. Extracts (Methanol, ethyl acetate) of the powdered seaweed
were obtained with organic solvents to increase polarity.
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COLLECTION OF SAMPLE:

Based on pilot study, seaweeds were obtained from the Gulf of Munnar Coastal
region.

PREPARATION OF SEAWEED:

Fresh seaweeds of Sargassumwhittiwas washed thoroughly in tap water followed by
distilled water and were then shade dried until the water content lost completely. Dried
seaweed was powdered using mixer grinder. Fine powder was obtained after sieving.

PERCOLATION:

Percolation — liquid passing through holes or porous substances. It can be used
informally to mean to become lively and to make seaweeds in a percolation known as
percolate (Mark and Ziff, 2000).

COLLECTION OF EXTRACTION:

The powdered plant material was soaked initially in a solvent in a percolator,
Additional solvent isthen poured on top of the plant material and allowed to percolate slowly
(Dropwise) out of the bottom of the percolator. Additional filtration of the extract is not
required because there is a filter a the outlet of the percolator (Newman et al.,2000).
Percolation is adequate for both initial and large-scale extraction. Then seaweed extraction
was collected from conical flak, after collection of sample and using evaporation of water
bath and small: amount of sample was taken in the eppendrof tube.

ADMINISTRATION OF EXTRACT TO THE FISH — ORAL AND GILL INJECTION:

Oral seaweed injection can be done with virtually al fish sizes. This methods stress-
free and inexpensive way to boosts of fish in any culture environment. The gill areainjection
of the extract of seaweed in dosage 1.0 ml to five number of fishes and maintaining the one
as control fish. The incubation time 8-10 days.

BLEEDING TECHNIQUE:
GILLS:

Gills are very efficient at collecting free oxygen from water; they have to be
because water typicaly contains only a fraction of free oxygen of that found in air. Air
typically contains 280 mg/l of oxygen while fresh water typically only contains 5 — 10 mg/l.
So the gills areainjection of seaweed in dosage 1.0 gm and maintaining the 1 control fish.The
incubation time 8-10 day. Standard gill bleeding technique was followed to bleed the fishes.

ESTIMATION OF BLOOD PARAMETERS (Haemoglobin and WBC):

From the collected blood the Haemoglobin and WBC count was estimated by the
following procedures and Haemoglobin content estimation work was done at Bose Clinical
Laboratory, Madurai. Haemoglobin was estimated by cyanmethemogl obin method.

Total white blood cels (WBC) were counted using an improved
Neubaurhaemocytometer (Shah and Altindag 2005; Mgbenka et al., 2003). Blood was diluted
1:20 with WBC diluting fluid and placed in haemocytometer. 4 large (1 sq mm) corner
squared of the haemocytometer were counted under the microscope (Olympus) at 40 X. The
total number of WBC was calculated in mm* X 10*
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The two solvents Acetone and Ethanol of Sargassumwhitti extracts showed significant
immunostimulatory effect on the secondary antibody response in Cyprinuscarpio to
comparative study of seaweed.

Hemoglobulin content in fish showed (Graph) when compared with the control one
Sargassumwhitti Acetone (14.2g/dl) extracts increased the content of hemoglobulin content
compared with the sargassunmwhittiwith ethanol (11.5¢g/dl) extracts.

The total WBC count of Cyprinuscarpioindiacated in graph (2) shows the increase in
total WBC count in SargassumwhittiAcetone extract (7.8mm x 10%) compared with
Sargassumwhitti Ethanol extract (6.9mm x 10%)
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1.Introduction

Marine macroalgae, popularly known as seaweeds are potential renewable resources
in the marine environment. Seaweeds are primary producers and they play a significant role
in the benthic food web. Many macroalgae build biogenic habitats which give shelter and
provide a suitable physical environment for a great variety of organisms Day et al. (1989).
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They offer a considerable variety of habitats, food resources and nursery areas for many
species (Day et al., 1989; Herman et al., 1999; McLusky, 1999; Little, 2000 and Thiel and
Potter, 2001). Macro agal beds are one of the most productive habitats in the marine
environment and frequently support high densities of mobile invertebrates including small
crustaceans, gastropods, copepods and polychaetes (Edgar, 2001). The fauna associated with
algal beds forms an important link to higher trophic level organisms such as juvenile fish
(Andrew and Jones, 1990 and Fletcher and Day, 1983).

Marine seaweed regions harbor rich fauna of many diverse kinds of animals, and such
animals lifelong or temporarily living in, on or among seaweeds are generally called "phytal
animals’ (Kenji, 1975). Numerous important studies on seaweed communities including
these phytal animals have been so far carried out mainly in European seas from various
biological view-points by many authors (Colman, 1940; Chapman, 1955; Ohm, 1964;
Hagerman, 1966 and Nagle, 1968). Marine macrophytes such as algae and seagrasses often
occur as dense aggregations, forming habitat patches to the associated fauna (Gunnill, 1982;
Edgar and Moore, 1986). Vagile organisms may select patches with higher availability of
food and refuges from both predators and unfavorable physical conditions (Brawley, 1992).

Fauna associated with seaweeds have attracted the attention of many scientists from
various parts of the world. Mukai (1971) from Mukaishima Island, Japan and Zaeha et
al.,(2010) studied the seaweed assemblage from Pulau Besar, Melaka, Malaysia . In India,
Sarma and Ganapathy (1972; 1975), Sarma (1974), studied the phytal fauna from
Visakhapatnam coast. Joseph (1978%®) studied the phyta fauna from Mandapam;
Yogamoorthi (1982) studied the phytal fauna from Vellar estuary; Muralikrishnamurthy,
(1983) studied the phytal fauna from Visakhapatnam coast ; James, et al.,(1986) studied the
phytal fauna from Palk Bay and Gulf of Mannar ; Selva Ranjitham et al. (2008) studied the
phytal fauna from Vellar estuary and Jansi, et al.(2009) studied the phytal fauna from
Manakkudy estuary. Hitherto report on seaweed associated fauna from Pulicat Lake. Hence
the present study is aimed at to study the phytal fauna association in Pulicat Lake.
2.0. Materialsand Methods

2.1. Study area —Pulicat Lake

Pulicat Lake is the second largest brackish water body in Indiaand is located between
13°26’and 13°43’ N latitude and 80°03’ and 80°18’ E longitudes, with an average water
spread area of about 461 sgq. km on the Coromandel Coast. The study area is restricted to the
lake waters of Pulicat. The sampling stations Station | -13°25°57.60 N 80°18°40.28”E,
Station 11-13°26°15.76N 80°19°02 .31”E, Station 111-13°26°02.11’N 80°19°17.78“E, Station
IV-13°25’41 N80°18°54.86“E.

2.2. Collection and Identification

The macroa gae Chaetomor pha aerea were collected from Pulicat estuary (stations |-
IV, Quadrate, 25 X 25 cm?; each10 replicates). The collected macroalga were kept in separate
polythene pack containing filtered seawater brought to the laboratory. Then the C. aerea were
submerged in 5-7 % buffered formalin solution. Vigorous shaking in formalin solution
dislodges most of the clinging animals. After sieving, (mesh size 1.0 mm), 100 gram of the
alga were taken into a Petri dish and carefully examined for every frond under a binocular
microscope with strong incident illumination. The animal groups were sorted, counted and
preserved in 4 % formalin for specific determination. The collection of phytal fauna
associated with the seaweeds was carried out following the procedure advocated by Sharma

149



and Ganapati (1972). The C. aerea associated fauna were calculated by the quantitative data
were expressed in terms of number of animals per unit of weight of seaweed (100g).

The structure and composition of seaweed associated faunal data were approached to
various statistical methods namely univariate, graphical/distributional and multivariate
methods. The computer programme PRIMER-E (ver. 6.1.7) (Plymouth Routines in
Multivariate Ecological Research), was used for univariate and multivariate analyses of data
(Clarke and Warwick, 1994).

3.0. Results and Discussion
3.1.Seaweed Chaetomorpha aerea associated fauna

In the present study, seaweed C.aerea associated fauna of the following six groups
were recorded. 1. Mollusca, 2.Amphipods, 3.Fishes, 4.Prawns, 5. Crab and 6.
Polychaete. Twenty one species of macrofauna were recorded from four stations of Pulicat
Lake. Among the 21 species recorded, Crustaceans (Amphipods, Crab and Prawns) were
found to be the largest component in the collection with ten species. Mollusca and fishes
emerged as next dominant group in the order of abundance with five species. The polychaetes
came last in the order with one species (Tablel).

Tablel. Seaweed Chaetomorpha aerea and its associated faunain the Pulicat L ake

Crustacea .
] Mall Pol Fis
Amphi Cra Pra | usca ychaetes hes
pods b wn
. . . Am
Grandi Clib Pena Clith bassis
dierella anarius eus on ambassis
gravipes longitarsus semisulcatus | oualaniensis
Ampeli . Clib Fenn Nassa Lut
. anarius eropenaeus . . A
sca scabripes . . N rius coronatus janus johnii
clibanarius indicus
Port Odost | Ner Mu
_ Parore s Pena | imia eischilkensis | g
hestia morini hastatoides eus monodon babylonica cephalous
Cerit
. Ter
h.' dea apon puta
Eriopis cingulata
achilkensis Cerit At
hium
scabridum le mate

In stations | to 1V, the population density of seaweed associated macrofauna were
2004 nos/m? 1304 nos/m% 1500 nosm? and 1156 nos/m’® respectively. Sharma and
Ganapthi (1972) observed 13 algae associated fauna in Visakhapatnam coast. Amongst
the algae the fine, bushy, tufted, Spongomorpha indica supported the maximum
numbers of animals (78807.9/100g and1134833.0/m* of rock surface) and Chaetomorpha
antennina associated fauna showed the minimum number of animals 550.4/100g and

11117.6/m2 of algal coverage. The faunal composition of C.aerea ranged between 1.41 and
36.63%. It is well known that the phytal faunal density is also dependent on the morphol ogy
of the algae (structure, texture, colour and contour) and its sediment retaining capacities
(Sarmaand Ganapathi 1972).
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Penaeid prawns constitute a major fishery in Pulicat Lake. There are about 12 species
of penaeid prawns in the Pulicat Lake, of which seven species belong to the genus Penaeus
and five belong to the genus Metapenaeus (Paulpandian and Ramasamy, 1991). Amphipods
support the growth, and production of estuarine fishes and prawns (Aravind, et al., 2005).
Seaweed, Seagrass and emergent marshes, mangrove substrates may support higher densities
of amphipods (Lyla, et al., 1998; Vainola, et al., 2008 and Walkar, 1904). Hermit crabs
occupy empty gastropod shells, and these shells act as shelters from biotic factors including
predation and abiotic factors such as desiccation and osmotic stress (Ajmakhan, 1992;
Rajagopal, et al., 1998 and Ramesh, et al., 2009).

The distribution of polychaetes in Pulicat Lake is determined chiefly by the salinity of
water and the nature of substratum. Nereis chilkensis, are widespread, in diverse habitats in
the Pulicat lake. Polychaetes constitute important links in the food-chains of Pulicat Lake and
they are the common food items for severa species of top carnivores like fishes and birdsin
the lake (Srikrishnadhas et al.(1998); Sharma and Ganapthi (1972); Y ogamoorthi, (1982);
James, et al.(1986); Selva Ranjitham et al. (2008); Jansi and Ramadhas, (2009) and Zaleha et
al.(2010).

The density of phytal fauna in C.aerea is ranged from 1304 to 2004 and is good
agreement with earlier report by Saravanakumar et al. (2007).The lower density of phytal
fauna might be due to the higher saline nature of the estuary. The assemblage of polychaetes,
amphipods and gastropods in C.aerea it may be due to providing more area of substratum.
The faunal register were showed varies feeding habit such as filter feeders, detritus feeders,
scavengers or carnivores and agaivores. (Selvaranjitham et al., 2008).

In the present study, a marked variation in diversity indices was observed between
the stations. In station | to 1V, the species diversity (Shannon Weinner index) varied from
2.254 to 2.091. The species richness between the stations | to IV ranged from 2.598 to 3.217.
The species evenness, varied from each stations the values were 0.7235 to 0.7789. The
present values observed in all the stations are comparable with the results of other earlier
studiesin India. (Sunilkumar, et al.,1996).

The faunal diversity was higher at station | situated near bar mouth than the interior
three stations. Among the regions, the maximum diversity value was found in station I. The
species richness, it’s generally recognized that the muddy or clay sediments of mangrove
forest act as home for a variety of epifaunal and infaunal invertebrates (Kumar, 1995). True
to this, in the present study, the organic carbon and nitrogen percentage was more in station |
which might be the plausible reason for the higher diversity and richnessin station I.

The observations of the present study are in genera agreement with the earlier
observation made by Sharma and Ganapthi (1972); Yogamoorthi,(1982); James, et
al.(1986); Ajma Khan et al. (2005); Selvaranjitham et al. (2008); Jansi and Ramadhas,
(2009) and Zaeha et al.(2010). However, knowledge of seasonal fluctuations of seaweeds
and associated macrofauna is essential for future monitoring, conservation and for making
reliable management decisions, especially in protected areas such as Pulicat Lake, Tamil
nadu, India.
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INTRODUCTION:

The marine world offers an extremely rich resource for important compounds of structurally
novel and biologically active metabolites. Over the past several decades seaweeds have generated an
enormous amount of interest in the pharmacological industry with enormous medicinal properties[1].
It produces variety of primary and secondary metabolites. Over 2,400 secondary metabolites have
been isolated and many of which have been reported to have excellent biological activities [2] such as
antibacterial, anti-cancer, anti-diabetic, anti-tumor, anti-coagulant and antioxidant [3].

Reactive oxygen species attack the biological molecules of the human body and
leadingto cell or tissue injury associated with aging, atherosclerosis carcinogenesis and may
lead to the development of chronic diseases related to the cardio and cerebrovascular systems
[4]. Freeradical scavengers are antioxidants which can provide protection to living
organisms from damage caused by uncontrolled production of reactive oxygen species. The
most commonly used synthetic antioxidants like butylatedhydoxyanisole (BHA),
butylatedhydoxytoluene (BHT) Propylgallate (PG) have side effects such as liver have side
effects such as liver damage and carcinogenesis. Seaweeds have received specia attention as
a source of natural antioxidants [5].Recently, the potential antioxidant compounds were
identified as some pigments (fucoxanthin, astaxanthin, carotenoid e.g.) and polyphenols
(phenolic acid, flavonoid, tannins e.g.). Those compounds are widely distributed in plants or
seaweeds and are known to exhibit higher antioxidant activities[6].

Bacteria diseases are also the challenging threat to human population. Nowadays the
use of antibiotics increases significantly due to heavy bacterial infections. The indiscriminate
use of antibiotics has resulted in the accumulation of more resistant pathogenic bacterial
strains and also causes some side effects to human [7] The ultimate solution to combat
antimicrobial resistance is to development drugs from natural sources. The present study was
aimed to evaluate the invitro antioxidant and antibacterial activities of brown seaweed
Padinagymnospora.

MATERIALSAND METHODS

Collection and processing of algae species:

Padinagymnosporamacro brown algae were collected from Mandapamcoastal region, in Gulf
of Mannar, Tamilnadu, Rameshwaram South India on low tide during December 2014 and brought to
the laboratory in polythene bags and washed several times with fresh water to remove sand, mud and
attached fauna. The sample was cleaned using brush for the removal of the epiphytes with distilled
water. The washed sample was shade dried in shade for one week and homogenized to fine powder.

Preparation of extracts:

Powdered algal sample (500g) was taken and extracted successively with different solvents
such as ethanol and water using soxhlet apparatus. The crude extracts were later concentrated under
reduced pressure to get their corresponding residues.
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Phytochemical analysis

Phytochemical analysis aims to reveal the presence of active compounds in the sea weed
sample using several chemical protocols.

Antimicrobial Activity

Estimation of the antimicrobial potentia is most important in finding the therapeutic value of
the sea weed. Using the Agar well diffusion method the antimicrobial activity was carried out against
the gram positive organisms such as Saphylococcus sp. and gram negative organisms such as
Escherichia sp. , Pseudomonas sp. , Vibrio sp. and Klebsiella sp. Muller Hinton agar was prepared,
sterilized and wells of 5mm diameter were cut on the agar. The extracts of Padinagymnosporawas
then dispensed into the wells in various concentration of 1.0 mg/ml and 0.05 mg/ml.. The plates were
then incubated at 37°C for 24 hrsin an incubator.

Hydrogen Peroxide I nhibition Assay:-

Hydrogen peroxide radical inhibition assay could be used to estimate the anti-oxidant
potential of the desired sample. This assay was measured according to the method of Govindargjanet
al. Extract was rapidly mixed with 2ml of 10mM phosphate buffer (0.1M, pH 7.4) and hydrogen
peroxide solution. The absorbance was measured at 550 nm in the UV spectrophotometer incubation
for 10 min at 37° C against a blank without Hydrogen peroxide. The antioxidant activity could be
expressed as Gallic acid equivalents (GAE/Q).

Percentage (%) of Antioxidant Activity = (A0-A1)/A0* 100

A0 = Absorbance of the Blank Solution

A1 = Absorbance of the Solution added with the extract
FT-IR Analysis:-

FT-IR - 8400 S, SHIMADZU model Fourier Transmission Infra- Red Spectroscopy was used
for the analysis of the solvent extracted potential seaweed sample. The spectrum was taken in the mid
IR region of 400 — 4000 per centimeter. The spectrum was recorded using ATR (Attenuated Total
Reflectance) technique. The sample was directly placed in the Potassium bromide crystal and the
spectrum was recorded in the transmittance mode.

Statistical Analysis.-

Student t test was performed for the variables obtained from the aqueous and ethanol seaweed
extracts of Padinagymnospora in the Hydrogen Peroxide Inhibition Assay.

RESULT AND DISCUSSION

Marine organisms are a rich source of structuraly novel and biologically active
metabolites like laminarin, fucoxanthin, fucoidan etc. These bioactive compounds from the
sea are very attractive. Secondary or primary metabolites produced by these organisms may
be of importance in pharmaceutical industry. Phytochemical analysis of Padinagymnospora
reveals the presence of phytoactive components such as glycosides, phenaolics, flavanoids,
terpenoids, steroids and coumarins in their ethanol extracts, while the phenolic compound
were not observed on the agueous extracts of the seaweeds, but it contains the compounds
such asresins, steroids etc.

Ethanol extract of Padinagymnospora are shown to have potentia inhibitory action
against the bacteria culture isolates such as Pseudomonas spp, Salmonella spp,
Staphylococcus spp, Escherichia sppand Vibrio spp. The zone of inhibition was found to be
in uniform among the clinical isolates. The aqueous extract of Padinagymnospora doesn’t
show any inhibitory activity against the clinical isolates. The active components such as
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flavanoids, terpenoids, steroids and phenolics present

in the ethanol

extract of

Padinagymnospora rendered an effective inhibitory action on the Gram positive and Gram
negative cell wall of the bacterial culture isolates.

Table 1. Antimicrobial Activity of Aqueous and Ethanol Extracts of Padinagymnospora
againgt Clinical isolates.

Name of Aq Et Aqu
.No | theOrganism ueous hanal eous Ethanol
(. (. (0.0 (0.0
Img/ml) Img/ml) 5mg/ml) 5mg/ml)
Pseudomo - 10 - 09
nas sp. mm mm
Salmonella - 09 - 10
Pp. mm mm
Saphyloco - 10 - -
CCUS Sp. mm
Escherichi - 11 - 10
asp. mm mm
Vibrio sp. - 10 - 10
mm mm

Fig 1: Total Antioxidant Activity (%) of Padinagymnospora

Total Antioxidant (%) of Padina gymnospora

50

concentratlons { mg/mil)

Hydrogen peroxide, a reactive non free radical compound, is very important as it can
penetrate biological membranes. Although hydrogen peroxide itself isn’t very reactive, it may convert
into more reactive species such singlet oxygen and HO radicals. The phytochemical study has
revealed the presence of polyphenolic compounds, flavanoids and terpenoids which are shown to be
effective antioxidants. The total antioxidant activity of the aqueous and ethanol extracts of
Padinagymnosporawas found to be between 20-70%, with the maximum of 66.082% in aqueous
extract of Padinagymnospora and with the minimum of 22.423% in ethanol extract of
Padinagymnospora. It was observed that as the concentration of the sea weed extracts increases, the
antioxidant activity also got increased.
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Fig 3: FT-IR Profile for the Aqueous Extract of Padina gymnospora.
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The FTIR spectrum of the ethanol and aqueous extract of P.gymnospora shows the band at
the range of 3346cm-1 and 3348cm-1 which is assigned to the stretching vibration of primary and
secondary amines and alcohals. The FTIR spectrum supports the presence of primary and secondary
aromatic compounds and thus the presence of phenolic compounds.

Conclusion

The present study suggests that the seaweedPadinagymnospora might be used as potential
antimicrobial and antioxidant agents due to the presence of various bioactive components. Selective
isolation, characterization and in-depth research on the bioactive components of this unexplored sea
weed may use as an effective therapeutic tool in future.
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| ntroduction:

The word “Inflammation” is derived from the Latin word “inflammare” (to burn).It
is defined as the biological response of the immune system to an injury. It is characterized by
redness (rubor), heat (calor), swelling (tumour), pain (dolor) and sometimes dysfunction of
the organs are aso involved (functiolaesa). The first four characteristics have been known
since ancient times; functiolaesa was added to the definition of inflammation by Rudolf
Virchow in 1858 and it became evident that if the injury persists, for longer period, it may
leads to chronic inflammatory diseases.

Inflammatory processes are orchestrated by inflammatory cells through a complex set
of chemical signals and can arise in any tissue in response to traumatic, infectious, post-
ischemic, toxic, alergic and/or autoimmune injury (Haraoui et al., 1991). It is one of the most
important processes involved in the defence of an organism against local injury and
infections. However, it often progresses to painful or chronically harmful diseases requiring
pharmacological treatment, when the injury is not eliminated and the recovery of the
inflammatory processes is hampered. Inflammation may be classified as acute or chronic.
Acute inflammation is the immediate or early response to injury and is of short duration
lasting for minutes, hours, or at most a few days. Chronic inflammation is of longer duration
and may last from weeks to years (Kumar et al.1999).

Ulcerative calitis (UC) is an inflammatory bowel disease (IBD), characterized by
remitting and relapsing inflammation of the large intestine, resulting in symptoms such as
weight loss, chronic diarrhea and bloody stool. UC and Crohn’s disease (CD) are the two
major subtypes of IBD. UC affects only the colon, and the inflammatory response is confined
to the mucosa. CD may affect any part of the gastrointestinal (Gl) tract, and it is not confined
to the mucosa but affects the entire bowel wall. Although IBD israrely lethal on its own, the
disease is associated with increased morbidity and decreased quality of life among such
patients.

Mangrove forest is economicaly and ecologically important. Unlike common
terrestrial plants, they can withstand high salt concentration, can remain submerged in water,
and maintain an efficient nutrient retention mechanism. Mangroves offer numerous benefits
and are greatly important in maintaining the ecology of the coastal zones and the diversity of
species. Mangroves and related species, are known to have many metabolites possessing
antibacterial  and antifungal, [Ravikumar etal., 2010] antivira, antidiarrhoedl,
hepatoprotective, antifeedant , larvicidal [Syed Ali et al., 2012] , cytotoxicity and
antiplasmodial [Jacob et al., 2010] properties. It is also reported that, mangrove is a folk
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remedy for angina, diabetes, diarrhea, dysentery, hematuria and haemorrhage. Mangrove
plants are well-known for their flavonoids, alkaoids, coumarins, polyphenols and are a rich
source of tanningLin et al.,2005].

Considering the large number of mangrove plants, Avicennia marina is the most
important of all and plays a vital role in the overall mangrove ecosystem.[Duke and Allen,
2006]. Avicennia marina commonly known as Asiatic mangrove, is widely distributed along
the coastal tropical and subtropical region. This plant is well known for its medicinal
properties. For centuries it has been used as a traditional medicine in the treatment of
diarrhea, dysentery, blood in urine, fever, angina, diabetes, hematuria, and haemorrhage. Of
the various plant parts of Avicennia marina, stilt root is well known for its free radical
scavenging property. [Ravikumar et al.,2012 ]. It donates hydrogen atoms to the free radicals
and convert them into stable products thus inhibits tissue damage. The present study made an
attempt to investigate anti-inflammatory effect of Avicennia marina extract against Dextran
Sulfate Sodium Induced Ulcerative Colitisin Wistar Rat

MATERIALSAND METHODS:
Collection of plant materials

Fresh stilt root samples of Avicennia marina was collected from Kovaam
canal, Chennai the East coast of India

2.Extraction

Stilt root samples of Avicennia marina were preferred for percolation by soaking in
ethanol/water (3:1 v/v). This extract was further concentrated by using rotary flash evaporator
(Superfit, INDIA) to get the fine residues and further lyophilised (BENCHTOP 2K) to
remove the excess organic residues. DSS (mol wt 40 000; ICN) at a final concentration of 2
% (wt/vol) were prepared using drinking water. Dextran Sulfate Sodium fraction was
prepared by cold maceration extract was dried in vacuum desiccators to obtained constant
weight.

Animals

All the studies were conducted in compliance with guidelines of Committee for the
Purpose of Control and Supervision of Experiments on Animas (CPCSEA no.
971/bc/06/CPCSEA),Government of India and approved by the Institute of Animal Ethics
commission All the studies were conducted as per the norms of the committee for the purpose
of supervision of experiments on animals. Female wistar rats weighing 140-170g were
purchased from Biogen Bangalore, India. All animals were housed 2/cage and kept in the
animal house for one week for proper acclimatization before starting the experiment under
controlled conditions of illumination (12 h light/12 h darkness) and temperature ranging 20-
25°C. They were housed under the above laboratory conditions, maintained on standard pellet
diet and water.

Colitis was induced by the method previously reported by Kitgjima et al., (1999) with
some modifications. After one-week quarantine, the rats were divided into 5 groups
composed of 5 rats each. In the control group (Group 1), mice were given fresh water and
micro fluidized pellets ad libitum. In the DSS group (Group 2), DSS (2%) in feeding water
was given one week to induce calitis. In other three groupsviz 3, 4, 5 E. littorale350 and 500
mg/kg was administered p.o and Group 6 was dose with Dexamethasone (1 mg/kg), which
remained as standard control. In this experiment 2% DSS drinking water was given to al
groups, except the control group. The body weight of each rat was recorded from day 1 to 7.
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The myeloperoxidase activity in the colon was assessed by (Bradley et al., 1982). The
colon tissue (50 mg) was minced Homogenized in 1 ml of 50mM phosphate-buffered saline
(PBS) pH 6.0, containing 0.5% hexadecyltrimethyl ammonium bromide (HETAB). The
homogenate was subjected to three cycles of freezing (-30°C) and thawing (37°C) with
intermittent brief periods (15 s) of sonication and centrifuged at 12,000 X g for 15 min at
4°C. Supernatant (0.1 ml) was mixed with 2.9 ml of 50 mM phosphate buffer, pH 6.0,
containing 0.167 mg/ml O-dianisidinedihydrochloride and 0.0005% hydrogen peroxide. The
change in absorbance at 470nm was then measured within 5 minutes using a Beckman
spectrophotometer (Beckman DU 640B). The MPO activity was calculated as...

X

MPO =
wtof the piece of tissue (50mghtaken

10 * change in absorbance
WheareasX =

wt of theVolume of supernatant taken in the final reaction piece of tissue taken

Statistical analysis

The results are expressed as mean = S.D from 5 rats per group. For statistical
anaysis, ANOVA followed by Dunnett test was used. A P<0.05 was considered statistically
significant using graph prism version 5.0.

RESULTS:
DSS Induced ColitisModel in rats:;

DSS treated rats displayed signs of moderate colitis. This was indicated by a
decreased food intake results in body weight reduction (Table.1), shortening of the colon
(Figure.2), increased colon weight (Table.2), and increased colon weight (Figure.1l). MPO
activity (Figure 3) compared to normal rats. Avicennia marina (500mg/kg) treated rats
displayed a 40% increase in body weight gain compared to control group. Avicennia marina
350mg/kg and 500mg/kg treated rats a'so had an increase in body weight gain compared to
control group were 35.43% and 41.64% respectively). Comparative therapy with
Dexamethasone (1mg/kg) doesn’t showed much increase in body weight significantly.

Table.l Mean Body Weight of DSS Induced colitisin rats

Normal Vehicle A.marina 350mg/kg A.marina 500mg/kg Dexalmg/kg
ays

Mean SD Mean SD Mean SEM Mean SEM Mean SEM

12331 | 151 | 121.73 | 0.69 | 101.63 0.48 111.68 0.59 91.65 0.53

121.33 | 151 | 131.28 | 0.68 | 102.36 0.51 120.11 0.70 95.44 0.46

12545 | 0.96 | 13256 | 0.65 | 103.26 0.50 119.99 0.73 92.94 0.47

128.32 | 0.92 | 129.10 | 0.74 | 106.32 0.56 123.12 0.83 94.15 0.72
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132.01 | 098 | 127.15 | 0.77 | 107.99 0.39 124.85 0.80 95.96 0.59
13396 | .96 | 12452 | 042 | 110.21 0.47 125.99 0.88 99.33 0.87
13111 | 1.55 | 12359 | 0.42 | 120.02 0.47 127.89 0.88 101.19 | 0.87

Table.2 Colon Weight (mg)

Groups Mean SD

Normal control 7.9 11

DSS control 132 24

Dexamethasone 1mg/kg 82 2.3

Avicennia marina 350mg/kg 111 15

Avicennia marina 500 mg/lkg | 99 0.9
PLATE-1

MORPHOLOGY OF RAT COLON

Nor mal
colon
DSS

Dexamethasone
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The DSS-induced model of colitis is associated with a significant decrease in colon
length (Rumi et al., 2004). Increase in colon length in Avicennia marina group dosed at
350mg/kg and 500mg/kg was 10.73, 27.85 % and dexamethasone at Img/kg was 46.49%
when compared to control group. Avicennia marina at 350 and 500mg/kg showed 33% and
49% reduction in fractiona colon weight, whereas dexamethasone showed 54.46% compared
to control (Table.3). When colon weight was expressed as a proportion of colon length,
Avicennia marina administration resulted in a significantly lower colon weight compared to
dexamethasone administration in DSS treated rat.

The MPO levels (Table.4) in normal animals were 0.2ug units/gm of tissue. Tissue
MPO activity in the DSS treated animals was 706.74ug units’gm of wet colon. Avicennia
marina at 350 and 500mg/kg significantly decreased the MPO levels to 328.91and 364.41 ug
units/gm, which shows 46.90%& 56.09%. Dexamethasone significantly inhibited the MPO
activity of 85.75%. Which was significantly lower than DSS treated animals.

Table.4 Effect of embelin in Myeloper oxidase assay (Lg/mL)

Groups Mean SD % Inhibition

Normal 0 0 0.00

Vehicle 706.74 32.06 0.00
Avicenni marina 350mg/kg 328.41 28.28 46.90
Avicenni marina 500mg/kg 364.26 25.48 56.09
Dexamethasonelmg/kg 118.95 21.53 85.75

DISCUSSION:

The aim of the study was to establish an inexpensive model of experimental
colitis resembling UC in wistar rats. Although several models of experimenta colitis have
been reported previously, none of these showed the optimum characteristics. In recent years,
some kinds of knockout (KO) mice have been reported (Hibi et al., 2002). Unfortunately,
these strains of mice are not widely available, thus limiting their usefulness. The most widely
used models are induced by administering toxic chemical such as TNBS or DSS.

The DSS-induced colitis results in inflammation mainly in the distal colonic mucosa
and the histopathology of this model showed some characteristics resembling UC. But this
colitis can only be induced by administration of DSS at a high concentration for several days
(Faure et al., 2003; Gaudio et al., 1999). Thus the amount of DSS used for rats will be very
large, which limited its wide use in many regions because DSSis very expensive.

In this study we showed that intracolonic administration of the “barrier breaker” after
5% DSS treatment resulted in a rapid development of severe ulceration and inflammation of
the distal part of rat colon. These features are similar to what happen in human UC where the
major symptoms include diarrhoea, rectal bleeding and weight loss. Macroscopic finding
showed the damage was characterized by marked ulceration and haemorrhage and that the
diseased site was limited to the distal colon. Moreover, dysplasia was commonly found in
DSS group. The most important clinical issue in the management of patients with IBD is an
increased risk for development of dysplasia and neoplasia. Taken together, these features
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indicate that DSS induced colitis and human UC shares many similar clinical and
morphological aspects.

DSS can induce reproducible acute colitis in rodents when given at a concentration of
5% for more than 6 d (Faure et al., 2003; (Gaudio et al., 1999; Okayasu et al., 1990). The
exact mechanism by which DSS causes inflammation is not fully elucidated. It appears that
the potential roles of DSS in induction of colitis may be: (a) direct cytotoxicity; (b)
interference with the normal interaction between intestinal lymphocytes and epithelial cells
(Ni et al.,1996); (c)

DSS causes a change in the intestinal microflora, and particularly an increase in the
number of Gram-negative anaerobes (Okayasu et al., 1990). Administration of DSS also
activates the immune response (Ni et al., 1996; Vicario et al., 2005) and stimulates
chemokine production by epithelial cells (Ohtsuka and Sanderson, 2003). DSS at a lower
concentration upregulates cytokines, athough it does not cause bloody diarrhea and
ulceration in colon (Egger et al., 2000; Vicario et al.,2005). We adso found aggregated
lymphocytes in the colonic mucosa after the administration of DSS for 3 d. Thisfact indicates
the administration of lower concentration of DSS may also activate the immune response.

In reviews, it was found that 30% ethanol cannot cause any change of stool in SD rats.
However, it does destroy the intestinal epithelium, which is considered to be a part of the
innate immune system. The intestinal epithelium forms a tight, highly selective barrier
between the body and the intra luminal microenvironment. It plays an active role in the
maintenance of mucosal homeostasis (Yu et al., 2004). Failure of this barrier may result in
intestina inflammation, most likely through exposuretofecal antigens (Bamiaset a., 2005).

The administration of 5% DSS for 3 d could only cause loose stool in rats and no
obvious macroscopic damage was observed at any time. Thirty percent ethanol treatment
induces acute injury that could be observed at 24 h and 3 d, but with no obvious change at 1
week. For rats treated with DSS, the mucosa injury was still present at 1 week. Our data
confirmed that the DSS produced a more severely acute injury in the distal colon than that
induced by methanol. Therefore, it seems the activated immune response after administration
of DSS and the disruption of the superficial epithelium are essential to enable the consequent
induction of amore severe inflammatory reaction. Colitis may be aresult from a dysregulated
response of the mucosal immune system toward intra luminal antigens of bacterial origin
(Duchmann et al.,1995; Lu et al., 2003). Severa advantages of this model make it a useful
one for the study of the pathophysiology and therapy of UC, especially in developing
countries. First, the animal used is the wistar rat, which is inexpensive and widely available.
Second, the concentration of DSS is 5% and the duration of administration is 2 d, thus the
model is relatively inexpensive. Third, this model is relevant in that it has several features of
human UC. Findly, the inflammation is easy to be induced and very reproducible.

Avicennia marina extract was found to be anti-inflammatory compound, but an novel
approach was made to test this extract using this DSS induced colitis model. The plant extract
found to be active against colitis and showed similar activity to dexamethasone. This
indicates that this plant can be used against anti-ulcerative model. It is inferred from the
present study Avicennia marina extract was proved to work against colitis. Even though, it
proved similar activity to dexamethasone but not equivalent. The activity of this plant extract
can be enhanced to encapsulating with nanoparticles and also in chronic studies this plant
extract may show more activity without side effects in comparison to dexamethasone.
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I ntroduction

Maintenance, management and sustainable utilization of plant coverage have required
scientific recognition. The information resulted from vegetation can be useful to solve the
ecological problems such as biological conservation and natural resources management and
the future of an ecosystem trends can be forecasted using those information. In other words,
vegetation can be useful to exhibit some ecological factors, which might be hard to measure
directly (Daubenmire, 1976). The indigenous vegetation of an area is the direct expression of
the physical environment that has been influenced by geologica history. The vegetation is
adapted to the long-term rainfall patterns, to the soils, to the temperature regime. The
constituent species represent the families and genera that have had access to the area over the
geological epochs. Heydari and Mahdavi (2009) studied biodiversity of plant species in
related to physiographic factors (aspect, elevation above sea level and slope percentage) in
Melah Gavan areain Ilam province of Iran and inferred that seasons have great influence on
soil characteristics and species diversity. An increase in species diversity was observed
during. India has 7,500 km of coastline under 53 coastal districts of 10 maritime states and
six union territories. Point Calimere (10 18” N, 79 51”E) the Calligicum of Ptolemy is a low
promontory on the Coromandal coast of Tamil Nadu jutting out into the Bay of Bengal (Map:
1). Perusal of literature revealed that no intensive and systematic floristic investigation with
al its climatic characteristics has been carried out in Point Calimere, which has the unique
vegetation of coastal, halophyte and tropical dry evergreen forest. Thus the entire vegetation
has remained with very little enumerative studies and hence in this study an attempt has been
made to highlight the distribution of vegetation typesin Point Calimere.

Area of Study

The area of study Point Calimere falls under the Nagapattinam district and it was
under the erstwhile district of Tanjore of Tamil Nadu before bifurcation. Point Calimere
(Kali-medu in Tamil) is also called as Cape Calimere and Kodikkarai. It isthe apex of the
Cauvery river delta, and marks a nearly a right-angle turn in the coastline. In 1988, the
sanctuary was enlarged to include the Great Vedaranyam Swamp and the Talaignayar
Reserve Forest, and renamed the Point Calimere Wildlife and Bird Sanctuary, with a total
area of 377 km2. Point Calimere, at a sealevel above MSL in the eastern side ending with the
sea gradually raisesin the west up to 25 mtsin Ramarpadam located in the high sand dunes.

M ethodology

The data were gathered from October 2005 — September 2008 with follow up visits
to all sitesto record seasonal changes in the communities. The vegetation of different parts
of the area of study was thoroughly explored by repeated visits during different seasons of
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the year, covering all ecological habitats represented in the area. During the visits, different
forest types and microhabitats were identified.

Results and discussion

Vegetation in contrast to flora identifies the distinct assemblage of plant speciesin a
given area.Vegetation of the area of study can be classified into sea-shore vegetation, aquatic
vegetation,dry evergreen vegetation and mangrove vegetation (Plate:

1). Seashore and saline vegetation

As the Point Calimere forest is surrounded on the East and South by the sea and on
the north and west by the extensive salt swamps the littoral vegetation is marked. Spinifix
along with Ipomoea, Launaea, Pandanus etc., serve as sand binders or soil binders at several
places. Pandanus serves as sand binder and wind breaker. Spinifix littoreus is predominant
on sandy seashores. Sand dunes observed adjoining the sea and inhabited by Pandanus
fasicularis, Prosopis chilensis, Tribulus terrestris, Solanum surattense, Spinifix littoreus and
| pomoea pes-caprae.

The next zone consists of Phyla nudiflora, Enicostema axillare and Gisekia
pharnaceoides etc. Interior to this zone, where sand mat expands, is covered by athin layer
of brine during high tide. The vegetation comprises Aleuropus lagopoides, Suaeda,
Salicornia, Arthrocneum etc. During the maximum rainfall season of October — December
Peplidium occurs over extensive areas indicating the lowering of salt content in the water.
Astercantha occurs alongside as a common plant during this period. Untawale and Nair
reported that the sand dune flora of India comprised of 63 species and Ipomea pescaprae,
Soinifix squarrosus, S. littoreus, Vitex negundo, Launea pinnatifida, Anacardium occidentale,
Pandanus and Opuntia spp. dominate the vegetation.

Nearer to the two villages, Prosopis an introduced plant is progressively encircling
patches of natural vegetation and strangles them extending inwards. This acts very well as
soil binder. Further inside the vegetation comprises of Manilkara hexandra, Canthium
diccocum, Carissa carandus, Canavalia virosa, Cyphostema setosum, Cassis sps, lablab
purpureus, Ixora parviflora, Memecylon umbellatum, Sapindus emarginata etc. Ochna
obtusata, Capparis oppositifolia, Salacia chinensis, Mucuna pruriens and Walsura piscidia
are the typical flora of this area. The following herbaceous plants are found very common in
this area; Tinospora cordifolia, Asystasia gangetica, Rivea hypocrateriformis, Asparagus
racemosus, Crotalaria striata, Indigofera aspalathoides and others. Viscum is a parasite on
Excoecaria agallocha and Loranthus falcatus on tree species like Azhadirachta, Sapindus
etc.

On dluvial halomorphic soil, the forest is not continuous but intersected by numerous
tidal inlets and creeks. Salvadora persica is the predominant tree. Manilkara hexandra is the
principa tree on the duneis slowly disappearing on poorly drained, salty terrain. The thicket
then presents a more regular appearance, less high, but the natural openings are many
wherever thereis saline efflorescence.

Aquatic vegetation

In the fresh water pools of the rainy season, aquatic ephemerals such as Ludwigia
Lindernia, Bacopa, Limnophila, Marsilea etc., come up. The ridges are predominant with
Salacia chinensis and Mucuna pruriens which are unique to this area. The usually low-lying
sat marshy habitat is generally inhabited by Salicornia, Sporobolus, Suaeda and
Arthrocnemon. Emergent species include Limnophilla and Typha. Foating-leaved
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hydrophytes are Aponogeton natans, |pomoea aquatica, Nymphaea pubescens and Nelumbo
nucifera. Submerged species are Vallisneria natans and Ottleia alismoides.

The Tropical Dry Evergreen Vegetation

The area consists of stunted, amost exclusively formed of bushed much branched
plant species measuring 2 to 4 m in height. Here and there emerge some evergreen
arborescent shrubs under 10 m in height with dark green voluminous crowns. High thorny
evergreen thickets are found on the sand dunes. The continuous and principa stratum is
thorny with a dight numerical dominance of Zizyphus, Catuneragam, Maytenus. Other non-
thorny ligneous species are also common but their density varies from place to place. Thisis
in the case with Memecylon, Sapindus, Premna, Ixora, Canthium. Therefore, in the thicket,
the majority of the species are non-thorny though the number of the individual thorny plants
appears to be higher than the others. They make the entry into the thicket particularly difficult
especialy in the presence of the invading spinescent climbing shrubs like Toddalia asiatica.
Generdly, the lianas grow well even in the interior of the thickets but relatively few species.
The herbaceous and ground cover is exclusively poor.

Being accessible, this vegetation is often traversed by man and openings are made in
places. Also, some anthropic stages appear here and there with anthropochore trees like
Syzygium cumini, Borassus flabellifer, Lannea coromandelica and Manilkara hexandra.

This is the most productive vegetation of the forest in terms of biomass as well as
utility. Dendroid forms of Manilkara, Calophyllum, Walsura, Syzygium, Dryptes and
climbers or stragglers like Mucuna, Canavalia, Lablab, Salacia, Cissus, Toddalia, Tinospora
occur here are valuable as food and medicine.

At the borders, roads and pathways, some unarmed species like Vitex negundo,
Clerodendron inerme, Cassia auriculata and others are common. Cassytha, Loranthus and
Viscum are the parasites. Vanda is the only orchid, fairly common in these forests as it could
thrive in the warm humid atmospheres.

Mangrove vegetation

Mangroves are salt-tolerant species of divergent groups. They play vital role in land-
stabilizing and building, preventing soil erosion in coastal zones and are a source of nutrients
for the inhabitants therein besides being a supplier of a variety of forest produce for human
use. The presence of luxurious mangrove vegetation in the locality called Muniappan Lake
on the western side of the road and vertises of such patches in several other places suggests
that the once exuberant mangrove formations are progressively dwindling and disappearing
due to human interference in the form of salt pars.

Dynamism of the vegetation

The thickets are often invaded by the human population to get their requirement of
fuel wood. On the dunes, the equilibrium of the woody species is precarious. There are
hardly any seedlings of these species observed colonizing the clear areas. As their growth is
apparently very low, specia attention should be paid to the protection of the vegetation.

Practically al the thorny shrubs of the thickets may be considered as the
pioneers. Under their light shade and protection and due to the thin superficial humus layer
some seedlings have developed. These shrubs, if not cut, may give rise to the discontinuous
dominant stratum of the formation.
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On the halomorphic soils of the tidal inlets and creeks, amost a continuous
herbaceous cover precedes the woody species. There appears quick growing species like
Prosopis chilensis, Clerodendrum inerme, Salvadora persica, Excoecaria agallocha are
capable of forming athick bush within 5 — 6 years. Between the clumps of shrubs develop a
low dense grassy carpet of Poaceae, Cyperaceae and Scrophulariaceae on the halomorphic
soils. It is grazed by the cattle and represents a sort of equilibrium between dynamism of
shrubs on the one hand and the biotic factors on the other.

This pasture is likely to be immersed under a thin layer of brackish water during the
strong tides of October — November. Fimbristylis and Kyllinga are the dominant species.
Another Cyperaceae member Cyperus arenarius is aso localy very abundant. Poaceae
species like Chloris barbata, Chrysopogon fulvus, Eragrostis japonica and  Oplismenus
composites al so observed aong with the Cyperaceae.

The remaining florais essentially comprised of Phyla nodiflora, Portulaca oleracea,
Leucas aspera, Oldenlandia umbellata, Evolvulus alsinoides, Hybanthus enneaspermum,
Tribulusterrestris, Boerhaavia diffusa, Phyllanthus amarus and Spermacoce hispida.

Although the bushy species are evergreen, some may be partially defoliated for some
days per year. The arborescent species are evergreen (Manilkara) or deciduous for a very
short time (Diospyros ferrea) or yet distinctly deciduous (Albizia, Vitex). The number of
individuals of deciduous species is quite low compared to that of the evergreens. Tobacco is
cultivated at several places. Leaves of Manilkara hexandra used as manure for tobacco fields.

Across the study site, the highest value of plant diversity and richness. The reason
can be the arid environment which results in the lower tree cover diversity and thus increase
the light level in the forest floor. The plant diversity is related to the edaphically
heterogeneity in the semi-arid environment in USA (Moustafa and Zayed, 1996). So that, the
more rugged area would have more biodiversity that the other areas. The effects of
environmental factors on vegetation established on aluvia plains of Sina desret stated that
the species richness is different toward humidity difference (Sabestia, 2004). Also, humidity
change is a mixture of changes related to altitude, slope, climatic drought and texture and
nature of top soil, so that plant species diversity is higher in drier aspects than another aspect.
The soil fertility is the main environmenta factor in vegetation establishment (Shmida and
Wilson, 1985). This paper concludes that a proper management from human disturbance and
scientific management of medicinal plants of the forest area may lead a rich biodiversity site
inIndia

Map 1: Land cover map showing various sitesin
Point Calimere

Source: District Forest Office, Nagapattinam
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I ntroduction

Coastal sand dunes are the natural ecosystem which protect the coastal environment
by absorbing energy from wind, tide and wave action (Corre Jean-Jacges, 1991). These
species are playing a vita role in protecting soil erosion and flooding (Desai, 2000). Dune
restoration is primarily required when natural dunes have been significantly modified or
damaged by human activities. In the rare absence of human damage, most natural fore dunes
in Kanyakumari are self-maintaining. Human modification of coastal dunes is common
worldwide (Nordstrom, 1994). A variety of exotic species are now widely established in dune
systems (Partridge, 1992 and Johnson, 1992). In rura India around 200 million people are
dependent on forest plant resources (Khare et al., 2000)

The coastal length of India is 7500km with many lagoons, beaches, estuaries and
mangrove swamps, supporting rich biotic and abiotic organisms (Anonymous 1987). Tamil
Nadu has an extensive coastline of nearby 1,076 Kms and 3 marine protected areas covering
more then 1300 sg. kms are present on the Coramandel coast of Tamil Nadu. With respect to
geographic location and physical distinctiveness, the coast of Kanyakumari District is part of
the Gulf of Mannar Biosphere Reserve (8°21°N and long. between 77° 26” and 77° 30’ E).

There are different types of vegetation on the coast of Kanyakumari, this includes
mangroves and their associates scrub jungles, aguatic vegetation and coastal sand dune. The
loss of biodiversity is a worldwide concern in today’s perspective and more often it is
accompanied with ecosystem destruction and degradation. Although much effort has been put
into restoring and preserving tropical ecosystem such as rainforests, mangrove swamps and
coral reefs, preservation of tropical, costal sandy plant communities has been largely ignored
(Condit, 1995, Mulkey et al., 1996, Sheil and May, 1996, Kennish, 2001).
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The most noticeable threat to the Kanyakumari coastal dune open area is a huge
invasion of trees like Prosobis juliflora, Parthemium sp. and Lantana camera. In order to
mitigate the current decline of medicina plant biodiversity, it is necessary to understand the
ecological processes in coastal dunes and a critical step in such an understanding is the
establishment of a detailed description of medicinal species diversity at different coastal dune
habitats. The current deforestation scenario which threatens the existence of medicinal plants
encourages for conservation of plantsin coastal area. Therefore, an attempt has been taken to
document the medicinal plants and their indigenous knowledge prior to its extinction.

M ethodology
Study Area

Coastal length of Kanyakumari district dong Arabian Sea is 59 km and along Bay of
Bengal is 11 km. Kanyakumari District, having a coastline of about 67.59 km, is situated on
the southern extremity of the Indian peninsula (lat.between 8°21°N and long. between 77° 26’
and 77° 30’ E) from Leepuram in the east coast to Neerodi in the west (Fig. 1).

There are three important river line ecosystems, which confluence with Arabian Sea
in Kanyakumari
* Thengapattinam estuary, formed by the confluence of river Tampirabarani in between
Thengapattinam and Eraiummanthurai.
* Vadliyar estuary formed by theriver Valloiyar near Kadiapattinam.
* Manakudy estuary formed by the confluence of river Pazhayar in between East and
West Manakudy villages.

Another two minor estuaries also: they are
* Pambar estuary near Colachel and
* Pantri estuary near Rajakkamangalam

Pattern of Survey
The plant samples were randomly collected 10x10m Quadrate method were followed.
Medicinal Plants Survey

Medicinal plants were collected during June 2015 to December 2016 through field
survey in different remote villages of coastal districts. During the period of study, door to
door visits were made to identify local people with specialized knowledge on use of
medicina plants. Plants were collected with noting their local names, parts used and ethno
medicinal uses.

| dentification and Preservation of Specimen
The plant species Floraof Gulf on Mannar and Presidency of Madras
Results and Discussion

A total of 34 species belonging to 21 families were recorded. Plants of Fabaceae (4
species) was largely represented followed by Euphorbiaceae, Verbanaceae, Malvaceae,
Ceasalpineaceae (3 sp). The remaining families had only one species each. The present study
provides information about some beneficia uses of 34 plant species. The plants are either
used individually or in mixture with some other plants or plant parts. Some plant species are
claimed to be quite effective remedies for diarrhea, febrifuge, malaria, cough, cold, leukemia
and stomach troubles etc. The dominant index of plant species showed herbs, followed by
shrubs and trees, climber. Various plant parts namely flowers, bark, roots, leaves and root
stem, whole plants and leaves were used for the treatments of diseases such as skin, bones,
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bronchitis, ears, eyes, headache, kidney, intestine, liver, lungs, muscles, teeth, throat, etc.
Maximum species were used for cold & cough, followed by stomach ache, skin diseases. The
same pattern of trees, herb, shrub and climber are used for various ailments (Sharma and
Samant, 2014)

Floristic Study

The floristic composition of these tropical communities was dominated by some of
the larger plant families including Poaceae was the most common and dominant family
followed by Leguminosae, Cyperaceae, Euphorbiaceae, Caesalpiniaceae, Amaranthaceae,
Compositae, Lamiaceae, Malvaceae, Molluginaceae, Mimosaceae, Nyctaginaceae,
Sollanaceae, Asclepiadeaceae, Cucurbitaceae and Liliaceae etc.. Although species
composition at various sites on the coastal zone of Kanyakumari, there were similarities
among species encountered at sites within this regions.

Perennial herbaceous plants dominated growth forms in these sandy communities.
Low lying herbs such as Leucas aspera and Andrographis paniculata were less frequently
encountered. Two growth forms commonly encountered among the sandy plant communities
were succulent perennials (Ipomoea pes-caprae, Sesuvium portulacastrum) and
sclerophylous grasses (Sporobolus sp.). Annua plants, Boerhavia diffusa and Hemidesmus
indicas, encountered at sites examined where not as numerous, with the communities
dominated by perennial species such as Panicum repens and Spinifex littoreus which are in
the table 2.

Indian coastal area consist of 154 species belonging to 108 genera and 41families

(Rao and Sherieff, 2002). Musila et a (2001). Several authors have reported that various
parts of the world, many dune ecosystems support high plant richness and diversity values.

Medicinal Floristic Study

This information was checked with available literatures (Chopra et al., 1982; Jain,
1995; Kirtikar and Basu 1980 and Pal, 1980).

The total of 402 species of medicinal plants belonging to 98 families and 266 genera
were reported and used by the inhabitants of the area for curing various ailments. These
medicinal plants comprise of 34 trees, 301 herbs, 61 shrubs, and climbers and ferns, 03
species (Sharma and Samant, 2014). These domestic substances are probably to increase the
efficacy of the drug. Since the uses are based on empirical knowledge, the scientific study of
al these herba drugs is highly desirable to establish their efficacy for safe use. Similar
ethanobotanical studies have been reported in surrounding are (Ramargjan and Murugesan,
2012, Ramargjan and Muthukumarasamy, 2012 and Ramargjan et al, 2012). A total of 157
species of plants belonging to 58 families were recorded (Patel, 2012).

Various plants parts used as a traditional namely bark and flowers 5%, root 10%,
leaves and root 11%, whole plant 16%, stem 21% and leaves 32% in figure 3. Among the
parts used lesf105 species, followed by root 87 species, flowers36 species and seed 33species
(Man and Samant, 2011).

M anagement

Coastal areas represent a fragile ecosystem; its stability is an important pre-condition
for the environmental sustainability of the marine and inland life. Coastal ecosystem in the
degradation and pollution have both local and distant inland source. Proper management of
natural resource is necessary for its best utilization. As such, grazing should be limited by
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marking areas left for grazing and other should be kept strict surveillance or a barbed wire
used for demarcation of the areas. Census of wild life is a'so important since it is dependent
on the vegetation of the area. Before any number of livestock is allowed to grazing in a
particular area the possible number of wild life should also to be taken into consideration.
Monitoring of the economic plants of the area is needed. This plant should be allowed to be
cut in such amanner that they do not jeopardize the existing bad s