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animal gelatin capsulesinaniche market.
V. FUTURE PROSPECTS

This work is expected to bring about a change in the
scenario of seaweed based industries in India creating
renewed employment opportunities in the country's
coastal districts for the fisher folk who would participate in
the large scale cultivation actvities of value added
seaweeds, We need to strive for materials security, We
ought to look for new materials with new functions to
contain the future demands of various dimensions.
Seaweeds can play a significant role in this endeavor,
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Abstract

There exist an estiimated 3 millicn 1o 500 milion different speciesin the marnine biosphers representing approsimalely ahalf of
total global biodiversity and T000 species of which are marine dlgae. Algae ane one of the cldest living crganisms on the earth.
They have been found as fossils from the Precambhan pesiod and are estimated to be 1 to 3 million vears old. Marine macro
algas or seaweeds are dislibuled widely in all occeans of the wodd. These plants present a number of challenges o chemisls,
biochemists and ecologists alike, obviously for the reason that hese organisms have sunived The global changes thal have
been happening in the intervening millions of years of evolution, 1 would be reasonable to assume that this survival
mechanism was directly related lo the metabelites which imparted a unique strength of adaptability on these planis. What eise
could be more allrachive a renewable bioresounce than seaweeds lowork on? Seawseds have bean raported lobe bioactve of
differant kinds e.g. neuroloxic, hypolensive, cytotoxic, AlDS antiviral, antithrombic, immunomedulatery and anticancer. There
is a possibility that these can be developed inlo drug or drug inlermediales. Seaweed polysacchandes e.g. agar, agarose,
carrageenans and alginate have been well known lo be used as gelling and thickening agentsin food and other indusiral uses.
Recent applications include ils use as biomalerials which can be used in pharmaceutical and health care industries. Thase
being renewable resource-based matenials hold promise for potentially new and sustainable applications. In this article thesa
aspects will be described with a focus on Indian scenanic. India has been identified as one of the 12 mega-diversily counines.
The work that has been done in the area of seaweeds research including large scale cultivation and value addition, pushing
seaweeds up the value chain particulary the species of Indian waters, which were itlie known for theérutility, will be described.
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L. INTRODUCTION

There exist an estimated 3 million to 500 million
different species in the marine biosphere representing
approximately a half of total global biodiversity and 7000
species of which are marine algae [1]. Algae are one of
the oldest living organisms on the earth. They have been
found as fossiis from the Precambrian period and are
estimated to be 1 to 3 million years okd. Marine macro
algae or seaweeds are distributed widely in all oceans of
the world. These plants present & number of challenges
to chemists, bicchemists and ecologists alike, obviously
for the reason that these onganisms have survived the
global changes thal have been happening in the
intervening millions of years of evolution. It would be
reasonable to assume that this survival mechanism was
directly refated to the metabolites which imparted a
unique strength of adaptability on these plants.

Il. SEAWEED RESOURCES

Bioresources are natural wealth that are obtained
fram the biological systems. It is generally renewable, so
its supply can be sustained by continually generating the
resources employing appropriate technologies. This is
an age-old strategy being practiced by humans since the
dawn of civilization, revitalizing the ecosystem in a
continuous process. This is nothing but replication of
natural processes in a planned manner rendering the

living systems renewable.

Seaweeds belong to the marine plant resources and
are found all over the seas of the world. The uses of
seaweeds are in the domain of food, feed,
pharmaceuticals and certain other value added products,
which are basically compounds isolated from fthese
resources or formulation based.  Chemically, the
compounds belong to all classes e.g. lipid and water
solubles. Seaweads are collected from the intertidal region
of the sea during low tides as wedl as from the depth of the
seaupto 20 metres. Forthese purposes hand pickingand
SCUBAdiving techniques ara amployed.

A Seawesd Resources: Business opporfunities

The seaweed industry is worth US$ 1 billion. While
agarophytes are in good demand with values increasing,
carrageenophyles and alginate-bearing seaweeds have a
tendency towards oversupply. World seaweed demand
has grown at about 10% annually, The Asia-Pacific
produced 80% of this total and exported an estimated US$
250 million in seaweeds and seaweed products. Confrary
fc seaweed production, 90% of the seaweed colloid
industry is concentrated in the developed West followed by
Japan and the Republic of Korea, Demand for
phycocollcids has grown between 1030% per year. Some
400 000 MT (product weight) of edible seawseds
including, Porphyra, Laminaria, Hizikia and Undaria are
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mainly produced, consumed and traded amongst Japan,
Korea and China, An emerging market is the USA,

World production of seaweed was approximately
400000 MT in 1988, with production levels similar for the
last 5 years. The Asia-Pacific produced 80% of this total
and exported an estimated US$ 250 million in seaweeds
and seaweed products. Seaweeds and aquatic plants are
broadly classified into brown, red, green seaweeds and
miscellaneous plants. Of these red and brown ssaweed
are the most important commercially. The main groups
were produced in the following order; brown seaweeds
(2.5 million MT, 66.5%), red seaweeds (1.25 million MT,
33%) and green seawseds (15 000 MT, 0.4%). The averall
world consumption (MTidry weight) are as follows: Food
for direct consumption- 400 000 MT; Seaweed colloids - 50
000 MT

While traditionally seaweeds were collected from the
wild, virtually all brown seawead, 63% of red seaweed and
68% of green seaweed are now maricultured. The main
species maricultured are Laminaria japonicus,
(Phaeophyceae), Undara pinnalifida, (brown seaweeds),
Kappaphycus spp., Graclaria spp, Porphyra fenera, (red
seaweeds) and Monostroma nitidum (green seaweed). In
India Kappaphycus is being cultivated in the large scalein
the sea by M/s Pepsico India Holdings Ltd. at the southeast
coast[2].

B. Word market of agar

Major agar preducing countries: Japan, Spain, Chile,
Mexico, China, and Korea, World production per annum ;
110,000 dry tons, a total of USD 100-200 million. Agar
producing seaweeds © Ahnfelfia, Gelidium, Gelidiella,
Gracilaria, Pleroctadia species. Agar is produced mainky
from Gedidium and Plerocladia.  Gelidium oceursin Indian
waters sparsely, with no report of Pterocladia occuming.
Gelidiela and Gracilara spp. occur in Indian waters
abundantly. The major applications of agar include -
bacteriological and microbiological (ca.5% of the total
sales) and the remaining find use in food induskry as
standard thickener. The cheapest food grade agar is
ca.USD 50.00 per kg. The bacteriological varety is the
most expensive costing up to USD 25,000 per kg. The
market of agar has an estimated growth of 5-10% per
annum. New potential applications have been reported in
the areas of microfluidic devices and biomaterials [3].

C. World Production of Seaweeds

Seaweeds and aqualtic plants are broadly classilied
into brown, red, green seaweeds and miscellaneous
plants. Of these red and brown seaweed are the most
important commercially, In 1988, the total seawesd
production was about 4 million MT (wet weight} (FAD,

1990). The main groups were produced in the following
order: brown seaweeds (2.5 milion MT, 66.5%), red
seaweeds (1.25 milion MT, 33%) and green seaweeds
(15 000 MT, 0.4%).

While traditionally seawesd was collected from the
wild, virtually all brown seaweed, 63% of red seaweed and
68% of green seaweed are now mariculfured (Table 4).
The main species maricultured are Laminaria japonicus,
{Phaeophyceae), Undaria pinnatifida, (brown seawseds),
Eucheuma spp, Gracilaria spp, Porphyra tenera, (red
seaweeds) and Monostroma nitidum {green seaweed).

Leading producers of seaweed in 1988 were China,
Japan, Republic of Korea foliowed by the Philippines,
USSR, Momway and Chilz. The Asia-Pacific region,
accounts for the production of some 3 million MT (80%) of
the world’s total production mainly for the colloid industry
while seaweed for human consumplion is mainly
produced in the 3 major consuming countries - China,
Japan, Republic of Korea and Taiwan [2).

D. Standing seawsed biomass of India

Agarophytes comprising mainly of Gelidisilla
gearosa and Gracilana edulis (5000 MThy, wet waight).
Alginaphytes are Sargassum spp. Turbinaria spp. (50000
MTly, wet weight). Carrageenophytes include Hypnea
musciformis (3500 MTly, wet weight). Kappaphycus were
almost non-existent in the Indian waters barring one
isolated report of its sighting. Currently it is being
maricultured by M/s Pepsico India Holdings Ltd. at the
southeast coastal waters of India. Others seaweed
species of non-specific ulilites have been estimated to be
ca. 17000 MTly, wet weight [4]. Therefore, mariculture of
value added seaweeds species is a must for ensuring
ragular supply of raw material,

E. Marine Bioactives

The marine biosphere houses an estimated 3 to 500
million species of organisms. The opportunity to discover
new species and therefore, new chemical diversity has
increased through the application of new tools to explore
the marine environment, This new chemical diversity
combined with our current understanding of disease
processes improves the ability to discover compounds of
therapeutic utility [1].

F. Seaweeds in Health cane

Ancient Roman literature (Virgil and Horace, 70 -19
BC; Pliny the Elder, 23-79 AD), early Chinese Materia
Medica (Shen Mung Ben Cao Jing, 200 BC and Ben
Cao Gang Mu, 1518-1593) as well as Indian Ayurvedic
literature (Bhavaprakasa, 16th Century AD) have
recorded various bioactivities of seaweseds envisaging
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toxicity to cooling and soothing agent healing maladies in
humans. The late nineteenth century onwards history is
replete with discoveries and inventions in all areas of
science and technology affording new medicines and
related compounds empowering man to manage health
care job efficiently and meaningfully,.  Seaweeds have
been reported to be the source of many bicactive and
nutritionally important compounds e.g. antibacterial,
antiviral, immunomadulator, cylotoxicity, anticancer, biood
anticoagulant, aniifertility, vitamins, proleins and minerals,

In India, a national project on Drugs from the Sea is
under way involving university laboratories, naticnal labs,
and research institutes for more than 15 years under the
funding support from Minsitry of Earth Sciences {erstwhile
Deparimentof Ocean Development), Govemment of India.
Central Salt and Marine Chemicals Research Insitute
(CSMCRI) at Bhavnagar (Gujarat), is one of the
participants in this project, entrusted with the investigation
on bioactivities of seaweeds of Indian waters, In a
continuing process, many seaweeds the are ocourring in
the Indian coasts are being investigated through bioassay
followed by chemical studies to identify bicactive
molecules which could be developed into drug or drug
intermediates [5]; during this investigation we have found
blood anticoagulant seawaed polysaccharides [6).

G. Toxicily concems

Almost all macroalgae are safe lo eat with the
exception of Acanthophora specifera, Gracilara edulis,
and Gracilaria coronopifolia, which were intermittently
reported to be toxic caused by the presence of aplysiatoxin
and debromoaplysiatoxin, which have previously been
obtained from the sea hare and from blue-grean algae.

H. Direct value addition of seawesds

India has been identified as one of the 12 mega-
diversity countries. More than 7000 km long coastling of
India is endowed with in excess of 600 species of
seaweeds, most of which have remained chemically
uninvestigated. In an ongoing pregram of CSMCRI value
addition of seaweeds have been done preparing various
useful products from seaweeds. The important
developments that have taken place in CSMCRI during is
in the area of seaweeds research including farge scale
cultivation and value addition, pushing seaweeds up the
value chain particularly the species of Indian waters, which
were little known for their utility. From fresh Kappaphyeus
alvarezii two producls have been isolated the sap being
used as foliar spary and carrageenan [7] Infield frials, the
sap has been demenstrated to enhance growth of many
crops e.9. corn, Basmali paddy, sugar cane, brinjal, wheat,
potato, chilll and soyabean. The sap has promoted growth
enhancement, when usad as foliar spary, from 10% to

40%, the latter being with sugar cane (data courtesy M/s
Pepsico India Holdings Ltd.).

A novel method has been developed in our
laboratory for the preparation of a superior quality agarose
from Indian agarophyte. This process s eco-friendly and
considered “graan process”. Agarose has been prepared
from red seaweed species Gracilaria dura, occurring on
the Gujaratcoast. This seaweed has been little known for
its utility. The agarcse that is prepared is comparable in
performance ko that of a Sigma product (A9539).  The
process s patented [8,9].

lll. BIOMATERIALS

Biomaterials encompass biocompatible materials
that are used to construct arificial organs, rehabilitation
devices, forms drug delivery sysiem or prostheses and
replace natural body tissues. These are based on protein,
polysacchanides, ceramics, metals. Seaweeds are the
only natural source of industrially important phycocolloikis
£.0. agar, agarase, carrageenan and alginate, except the
latter which is also produced by certain bacteria. These
phyeocolloids or polysaccharides are very important
biopolymers presumably because of their hydrophilic
nature facilitating important functions in the living
organisms, and these have inspired ressarchers for
developing important materials based on these
polysaccharides through their physical and chemical
modifications.  Indeed, an apparently simple geliing
matenal agar widely used in food and microbiology
applications, has now acquired a prominent position in
biomaterials research. Superior quality agarose gels are
traditionally used in DNA electrophoresis and other
molecular biology applications [3]. Agar'agarose has been
used as the hydrogel, which has a function to promote
chondrogenesis (cartilage formation), was employed fo
act as analogues of native extraceliular matri (ECM) for
effectively entrapping chondrocytes [10]. Agarose has
been used in fabricating glucose biosensar [11], and
mineralized hydrogel [12]. Acid sensitive galaclan
polymers such as agar and carrageenan have been
converted to materials in our laboratory, which are rock
stable in acid. These being renewsable resource-based
materials hold promise for potentially new and sustainable
applications [13,14]. Modified seaweed polysaccharides
have been prepared; the products showed improved
swelling capacities unlike their precursors,  Their overall
stability in various pH media and improved sweliing
properties set tham out for new applications in the domain
of pharmaceuliecals and personal care industries [13-18],
We have also prepared prepared soft capsule shells
based on kappa-carrageenan, the process of which is
patented [17]. These capsule shells would replace the
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