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CHAPTER

SEAWEEDS: DISTRIBUTION, PRODUCTION AND USES

P.V. SUBBA RAOQ', C. PERIYASAMY?, K. SURESH KUMAR®, A. SRINIVASA RAO* AND
P. ANANTHARAMAN?

ABSTRACT

Seaweeds, otherwise known as marine algae are primitive non-flowering photosynthetic
macrophytes occurring in tidal regions of seas and oceans that occupy 71% of the globe and they
are natural renewable resources. Green, brown and red seaweeds are generally distributed in the
intertidal, tidal and subtidal regions respectively. Seaweed production through aquaculture in the
world was 11.66, 16.83 and 19.90 million tons (fresh) in 2002, 2008 and 2010 respectively and in
2012 itwas 23.78 million tons (fresh). Kappaphycus alvarezii production in the world was 1,83,000
tons (dry) in 2010 while itwas 1, 490 tons (fresh) during the same period in India. Seaweeds formed
part of human life from time immemorial and served as food, besides their use as feed, fodder and
manure. Some of the edible seaweeds include species of Porphyra, Palmaria, Undaria, Laminaria,
Monostroma and Caulerpa and possess desirable quantities of proteins, carbohydrates, fibre,
minerals and vitamins, besides having biological compounds to combat diseases. Ascophyllum sp,
Macrocystis sp, Laminaria sp, Alaria sp, Palmaria sp and Pelvetia sp are some of seaweeds used as
fodder. Seaweeds are the only natural source for phytochemicals viz; agar, algin and carrageenan
which have wide applications in various ways in day to day life of human beings. Species of
Gelidium, Gracilaria, Pterocladia, Gelidiella, Ahenpeltia and Acanthopeltis are some agarophytes,
while those of Laminaria, Macrocystis, Ascophyllum, Durvillea, Ecklonia and Sargassum are some
alginophytes. Carrageenophytes include species of Chondrus, Gigartina, Sarcothalia, Eucheuma
and Kappaphycus. The alginophytes mentioned here also serve as manure because they contain
macronutrients (N, P, K, Ca, Mg, S), micronutrients (Zn, Cu, Mn) and growth regulators (auxins,

gibberlins, cytokinins) necessary for plant growth.
Keywords: Seaweed, Marine Algae, Phycocolloids, Agar, Alginate, Carrageenan
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Introduction

Plants are the primary producers for the precious life to run on earth. They form the basic direct
food for the herbivores and indirectly to the carnivores and hence form part of food web / chain. They
are classified into Phaenorogams and Cryptogams. The cryptogams are again divided into Thallophyta,
Bryophyta and Pteridophyta. Algae and Fungi are grouped under Thallophyta. Algae are mostly aquatic
and grow in various types of waters. Some algae occur in soil and air. They are the primitive group of
plants evolved first in the universe and are microscopic as well as macroscopic commonly known as
microalgae and macroalgae respectively. In general benthic, macrophytic algae present in marine
environment (Seas/ Oceans) are called seaweeds. In the marine ecosystem, marine algae are the major
primary producers. Macroalgae are bigger, having simple thallus structure without true leaf and roots.
But they have pseudo roots known as hold fasts / rhizoids. They do photosynthesis through their thallus
(Dawson 1966).

Needless to say, the taxonomic classification of algae is still the source of constant changes
and controversies, in view of the recent 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 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). Thus every second molecule of oxygen the humans inhale is produced by
an alga, and every second molecule of carbon dioxide they exhale is reused by an alga
(Melkonian1995).

In earlier days, usages of these marine aquatic plants otherwise called weeds (Marine algae)
were not understood well. Hence the name was given to these marine plants/ weeds as “Seaweeds”.
Now, the utilities of the marine plants (marine algae) have been studied well in various forms and are
being used in day today life of human beings. The name “Seaweeds” is already popular among the
scientists and people and so it is difficult to change the name “Seaweeds”. But in scientific literature,
some scientists use the term “Marine Plants” here and there and however the term ‘Seaweeds” is widely
accepted. More than the name, the utilization and plenty of applications of these seaweeds are
important. Seaweeds naturally grow in seawater and their growth is greater where nutrition and sunlight
are adequate. Earth has 71% of marine water and harbour huge quantity of marine plants. Marine plants
include phytoplankton, cyanobacteria, seaweeds and sea grasses, and among these seaweeds are known
for the better livelihood option to the coastal community (Subba Rao 2012). Seaweeds flourish in
shallow or near shore waters of sea, estuaries and also in the brackish water environments, wherever
dead corals, rocks, stones, pebbles and any other suitable substrata are available for their attachment.
Further they are one among the renewable and economically valuable marine resources (Chapman and
Chapman 1980, Tseng 1981). Subba Rao et al. (2009, 2016) have reviewed the benefits of seaweeds for
human welfare in which the usage of seaweeds as human food, animal fodder, manure for crops,
medicines and phycocolloids (agar, alginate and carrageenan) has been elucidated and this paper deals
with the additional relevant information not covered in the earlier review.

Distribution of seaweeds

The seaweeds are distributed horizontally in different zonations viz. supra tidal (supra littoral),
intertidal (littoral) and subtidal (sub littoral) regions of the seas and oceans (Stephenson and Stephenson
1949). Green seaweeds are most commonly found in the intertidal zone. Common green seaweeds are
species of Ulva (sea lettuce), Enteromorpha (green string lettuce), Chaetomorpha, Codium and
Caulerpa. Brown seaweeds inhabit in the tidal or upper subtidal zone. Common brown seaweeds are
species of Sargassum, Laminaria, Turbinaria and Dictyota. Red seaweeds grow in subtidal waters.
Common red seaweeds are species of Gracilaria, Gelidiella, Eucheuma, Ceramium and Acanthophora.
The blue green algae grow in supra tidal region mostly as colonies and sometimes they occur as
epiphytes on other algae. Common blue green algae are species of Lyngbya, Spirulina and Oscilatorai
(Chapman and Chapman 1980, Dawson 1966, Levring etal. 1969, Tseng 2001).

Seaweed production
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Fig 1. Important places of seaweeds occurrence on Indian coast
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World status

There are 20000 species of marine plants reported in the world (May 1981). Among these
marine plants, seaweeds are mainly used as an excellent source of phycocolloids such as agar, alginate
and carrageenan, besides their use 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 commercially. Of these, 145 species are used for food and 110 species for
phycocolloid production (Zimke — White and Ohno 1999). The global seaweed resources have been
estimated as 1460 million tons (fresh weight) of brown algae and 261 million tons (fresh weight) of red
algae. The total seaweed production has been estimated to be around 1721 X 10° tons (fresh weight)
annually (Michanek 1975). The world production of commercial seaweeds has grown by 119 percent
since 1984. World production of seaweed and other aquatic plants were 11, 03, 595 tons and 11, 04, 948
tons in 1998 and 2007 respectively. About 90% of seaweed production comes from culture based
practices and China holds first rank in seaweed production, with Laminaria species accounting for most
of its production. China is followed by North Korea, South Korea, Japan, Philippines, Chile, Norway,
Indonesiaand USA (FAO 2013). Globally the production of seaweed through aquaculture was 11.66,
16.83 and 19.9 million tons fresh in 2002, 2008 and 2010 respectively while seaweed biomass
accounted for 23.0% of the world aquaculture output in 2007 (FAO 2012, Paul and Tseng 2012).
However, world aquaculture production of seaweeds was 23.78 million tons fresh in 2012 (FAO 2014).
Kappaphycus alvarezii production in the world was 1, 83, 000 tons (dry) in 2010 (Bixler and Porse
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Fig 2. Seaweeds used as Food

Pelvetia canaliculata Macrocystis sp
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Fig 3. Continued..........

Alaria sp. Palmaria sp.

2011). During the last decade, the seaweed products (Phycocolloids) industry has grown rapidly and is
placed at 1.5 billion US$ and the demand for seaweeds and their products has been increasing,
approximately at 10% per annum. 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 through aquaculture in the world are China, Korea, Japan,
Philippines, Indonesia, Chile, Taiwan, Vietnam, Russiaand Italy (Bixler and Porse 2011).

Indian status

In India commercial exploitation of seaweeds commenced since 1966 for the production of
agar and alginate (Oza and Zaidi 2001, Thivy 1960). Wild collection of red algae (Gelidiella acerosa,
Gracilaria edulis, G.crassa, G. folifera and G. verrucosa) was from 240 to 1518 tons dry for agar
production and that of brown algae (species of Sargassum and Turbinaria) was from 651 to 5534 tons
dry for alginate and LSF production during 1978-79 to 2002-03 (Kaliaperumal et al. 2004). Seaweeds
grow along the coastal waters of Tamilnadu, Gujarat, Andhra Pradesh, Orissa, West Bengal, Kerala,
Maharashtra, Lakshadweep and Andaman Nicobar Islands. There are also rich seaweed beds around
Mumbai, Ratnagiri, Goa, Karwar, Vizhinjam, Pulicot and Chilka (Fig. 1). However Tamil Nadu coast
represents highest production of seaweeds (Subba Rao and Mantri 2006). Among 9900 species of
seaweeds reported in the world (Khan et al. 2009), 1153 species including forms and varieties have
been reported till date with total standing crop of 6,77,309 to 6,82,759 tons (wet weight) (Subba Rao
and Mantri 2006). Seaweed production from aquaculture was 1490 tons fresh from Kappaphycus
alvarezii in 2010 (Krishnan and Narayankumar 2013, Periyasamy et al. 2015). Seaweeds like
Gelidiella acerosa, Gracilaria edulis, G. dura and Enteromorpha compressa have not gone for
commercial production although viable cultivation technologies for these seaweeds have been
developed (Subba Rao etal. 2004, Subba Rao and Mantri 2006).

Uses

Seaweeds are used as human food, animal fodder, chicken (birds) and aqua (fishes) feed,
manure and liquid seaweed fertilizer for crops, besides their use as phytochemicals (agar, agarose,
alginate and carrageenan). They also serve as medicines and antioxidants (Subba Rao et al.2009).
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As human food

Seaweeds were used as human food from 600 to 800 BC. In China they were used from
prehistoric time. In China and Japan, they had been used as a stable diet 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 region. They are eaten as salad,
curry, soup, or jam (Chapman and Chapman1980, Levring et al. 1969, Subba Rao et al. 2010, Tseng
2004).

Seaweeds otherwise known as “sea vegetables” 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. They are traditionally
consumed in Asia as “sea vegetables”, but in the western countries, they have been used as sources of
gelling or thickening agents. However western countries have begun to enjoy the taste and nutritional
value of these vegetables (Escrig and Goni Combrodon 1999). Seaweed recipes are easy to prepare and
are added to finished foods — soups, vegetables, dishes and salads. In some countries seaweed foods are
very popular. The important food seaweeds are Kombu (Laminaria japonica), Wakame (Undaria),
Nori (Porphyra), Ogo Kim Chee (Gracilaria coronopifolia), Gulamon sald (Codium edule/ Gracilaria
coronopifolia) and Sunomono (Gracilaria coronopifolia) (Fig. 2) (FAO 2003).

Seaweeds used in China, Korea and Japan are purchased as a dried product. However there is
also a market for some varieties of fresh seaweeds which are used as a salad vegetable or as garnishes for
other dishes such as fish. Species of Caulerpa, Eucheuma and Gacilalria are used for this purpose,
especially in some of the warmer Southeast Asian countries such as the Philippines, Malaysia, Thailand
and Indonesia. Usually naturally growing seaweed species are collected and sold fresh in local markets.
In Cebu (Philippines) Caulerpa lentillifera is cultivated in brackish water ponds and the fresh seaweed
is sent by air to markets of Manila (Philippines) (Amosu et al. 2013). The use of different seaweeds in
food and food formulations has been comprehensively reviewed by Subba Rao et al. (2007, 2010).

Seaweeds are richest source of proteins, lipids, carbohydrates, minerals, vitamins (A, B, C and
Niacin) and antioxidants and are considered as valuable food supplement for humans of 21* century and
serve as low calorie food (Kilinc et al. 2013, Subba Rao et al. 2007). Protein content in brown seaweeds
is 5% to 15% while in red and green ones it is 10% to 30 % of dry weight. However in Palmaria palmata
(dulse) and Porphyra tenera it is 35% and 47% of dry matter respectively (Arasaki and Arasaki 1983,
Morgan et al. 1980). Ulva petrusa contains 20% to 26% and is consumed under the trade name
“Aonori” by Japanese (Indegaard and Minsaas 1991). Ulva contains 10% to 26% of protein among the
Indian seaweeds (Parthibanetal. 2013).

Currently approximately 15 - 20 edible seaweeds are marketed in Europe (Dawczynski et al.
2007). France has approved the seaweeds as vegetables and condiments (Kilinc et al. 2013). In India
juice of Ulva species are used in the preparation of Hlva in southern parts of Tamil Nadu (Thirunelveli)
(Subba Raoetal. 2009, 2016).

As Fodder

In many countries, raw (fresh) or processed 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. Seaweed forms almost the only food for certain animals, though it is sometimes given along
with hay. Horses prefer basal or youngest parts of the fronds of Laminaria saccharina. Seaweeds are fed
regularly to the sheep in Norway, Iceland and Europe, 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 (Fig. 3) (Boney 1965). When used in
animal feed, cows have produced more milk and chicken eggs 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. Feeds supplemented with seaweeds and Spirulina to
layer chicks (White Leghorn) increased the number of eggs, their size and colour of the yolk
(Chaturvedi etal. 1979). In Japan, Germany, UK and Norway, feeding trials in farm animals were done
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with seaweeds as supplementary animal feed (Dave et al. 1987). Cattle fed with Laminaria sp based diet
have gained more natural 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 powdered form as
diet, showed highest survival rate in the prawn, Penaeus monodon (Kotiya et al. 2011). The rare breed
of primitive sheep on North Ronaldsay, Orkney (Schotland) survived under extreme conditions on the
beach shore of North Ronaldsay with seaweed as virtually their sole feed source. Seaweed treated
pasture forages have increased immunity in pigs and chicks. Some of the popular and commercialized
seaweed based feed are: 1. Tasco 14 — a feed 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 (Beas et
al. 1988). Several macro algae such as Ulva, Undaria, Ascophyllum, Porphyra, Sargassum,
Polycavernosa, Gracilaria and Laminaria are widely used in fish diets and their effects on growth of
fishes have been well documented (Nakagawa and Montgomery 2007).

As Medicine

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 (Boney 1965, Mc Hugh 2003). Seaweeds
in general are used as verimifuge and antiscorbutic, besides for curing cough, stomach, chest, bladder
and kidney ailments (Boney 1965). Coralline officinalis, Hypnea musciformis and Alsidium

Corallina officinalis

-
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Hypnea musciformis Gracilaria verrucosa
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helminthocorton are used as vermifuges. Chondrus sp., Gracilaria sp., Gelidium sp., and Pterocladia
sp. have been used to treat various stomach and intestinal disorders and also helped to relieve from
constipation and other discomforts (Fig. 4). Laminaria is used as a pain killer and also to rectify the
distend uterus. Some species of Sargassum are used for cooling and blood cleaning. Sarconema is used
for controlling the goiter, a disease caused by the enlargement of Thyroid gland. Gelidiella
cartilagineum is found to be effective against influenza B and mumps viruses. Schizymenia pacifica
contained a sulfated polysaccharide in the carrageenan family, selectively inhibiting HIV reverse
transcriptase (Levring etal. 1969, Mc Hugh 2003).

Red seaweeds possess algal proteins called phycobiliproteins having 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 treatment of gastric ulcers and cancers.
They also contain poly unsaturated fatty acids called Omega 3 fatty acids and omega 6 fatty acids
playing important role in the prevention of cardio vascular diseases, osteoarthritis and also diabetes
(Valko et al. 2007). Besides, seaweeds are excellent source of known vitamins such as A, B especially
B12, C, D, E and Vitamin K, as well as essential aminoacids. Nori (Phorphyra) is very rich in Vitamins
Aand C (Ryan Drum 2005). Seaweed polyphenols known as phlorotannins possess antioxidant activity
and polyphenols extracted from brown and red seaweeds have shown antioxidant activity (Nakamura et
al. 1996). Carotenoids are powerful antioxidants. Recent studies have shown the correlation between a
diet rich in carotenoids and a diminishing risk of cardio vascular disease, cancer (i carotene, lycopene)
as well as Ophthalmological diseases (leutin, zeaxanthin). Many studies have explained that
antioxidant property of red seaweed carotenoids and their role in preventing much pathology linked to
oxidative stress (Valko etal. 2007, Yan etal. 2004).

As Phycocolloids

The cell wall of several seaweeds contain very interesting group of complex polysaccharides
called phycocolloids. Among the various phycocolloids, Agar, Algin and Carrageenan are most
important. International demand for these phycocolloids has been increasing day by day, because of
their use in various industries (food, pharmaceuticals, textile, and beverage). The phycocolloid
industries have expanded rapidly only after the Second World War. In 2009 about 86,100 MT of
hydrocolloids were traded comprising 58% of carrageenan, 31% Alginates and approximately 11%
Agar. World carrageenan production exceeded 50,000 MT in 2009 with the value of over US $527
million. About 10,000 MT with a value of $175 million of agar has been extracted worldwide (Bixler
and Porse 2011). About 32,000 MT to 39,000 MT of alginic acid per annum has been extracted
worldwide from approximately 50,000 MT (wet weight) annual production of kelp (Barsanti and
Gualtieri 2006).

Agar
Agar is an important phycocolloid obtained from red seaweeds. In the world commonly used

seaweeds for agar production include species of Gelidium, Gracilaria, Gelidiella acerosa, Pterocladia
capillaca, Pterocladia lucida, Ahenpeltia plicata, Acanthopheltis japonica, Ceramium hypnoides and

Fig 5. Seaweeds used for agar production

Pterocladia capilaca Gelidium corneum
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Gelidiella acerosa Gracilaria edulis

Ceramium boydenii (Levring et al. 1969, Mc Hugh 2003). In India, Gelidiella acerosa, Gracilaria
edulis, G. foliifera, G. crassa and G. dura are used for this purpose (Fig. 5) (Siddantha et al. 1987,
Thirupathi and Subba Rao 2004). Agar gels are stronger and resistant at low concentrations (1 to 1.5%)
with only water and withstand even above 100° C (good sterilization) and may be used in wide range of
pH (5 to 8). Agar gels could be repeatedly gelled (excellent reversibility) and melted without losing its
property. The agar gels are superior to alginate ones because they are stable, not causing precipitation in
the presence of cations as is observed in alginates with calcium. FAO/ WHO Codex Aluminates have
permitted the use of agar in human food industry in countries such as United Kingdom, Germany,
Russia, France and Poland. Food and Drug Administration (FDA) of United States (US) assigned agar
asagrading of Generally Recognized as Safe (GRAS) (FAO 2003).

Agar is used in various applications in food industries as thickening agents in the preparation
of fruit salads, fruit jellies, yogurt, bakery products, as a preservative in canned foods and meat industry
and in liquor industry to increase the viscosity. Higher concentration of agars is also used in fabricating
moulds for sculpture, archeological and dental impressions (Mc Hugh 2003). Agar tends to decrease the
concentration of blood glucose and exerts an anti aggregation effect on red blood cells and effects
absorption of ultraviolet rays (Murata and Nakazoe 2001).

Agarose

Agarose also a polysaccharide obtained by the fractionation of agar (and the other fraction
being agaropectin) produced from Gelidium, Gelidiella and Gracilaria species (Duckworth etal. 1971,
Izumi, 1971, 1973). It is also directly produced from Gracilaria dura (Meena et al. 2007). Renn (1984)
described some of the applications of Agarose and they include immune - diffusion and diffusion
techniques, conventional electrophoresis, reverse electrophoresis, immune electrophoresis or electro
focusing, chromatographic techniques in gel chromatography, ion exchange chromatography, affinity
chromatography or chromate focusing, bioengineering applications and microbiology and tissue
culture.

Alginate

Alginate is yet another most important polysaccharide extracted from brown seaweeds viz.,
Laminaria, Macrocystis, Sargassum and Ascophyllum. Laminaria is very common and popular in
Japan and Korea (Chapman and Chapman 1980, Levring etal. 1969). In Scotland, Norway and France,
Laminaria is collected from the natural stock. In Chile and Australia, Durvillea lessonia and species of
Ecklonia are collected and exported to US and UK alginate industries (Bixler and Porse 2011). In India,
alginate vyielding seaweeds include Sargassum, Turbinaria, Dictyota, Padina, Cystoseira,
Hormophysa, Colpomenia, Spatoglossum and Stoecospermum and among these seaweeds Sargassum
and Turbinaria are utilized as raw material for the commercial manufacture of alginate (Fig. 6)
(Kaliaperumal 2006, Thirupathi and Subba Rao 2004). The polyelectrolytic property and the viscosity
of alginates make them more suitable as an excellent stabilizing agent in the food industry. The alginate
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Fig 6. Seaweeds used for Alginate production

Sargassum sp. Turbinaria sp.

(propylene glycol alginate) has been approved as a food additive for use as emulsifier, stabilizer or
thickener 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 alginic acid per kg body weight and 25mg propylene
glycol alginate per kg body weight (Mc Hugh 2003). Alginate is also used as stabilizing and
emulsifying agent, gelling agent, in film forming (binding and glazing agent), in medicinal
applications, in textile products, in bio —engineering as well as in food, dairy, paper and rubber products
(Bixler and Porse 2011, Mc Hugh 2003). Alginic acid decreases the concentration of cholesterol and
exerts anti hypertension effect. It prevents absorption of toxic chemical substances and serves as a
dietary fiber for maintenance of health in animals and humans (Kim and Lee 2008, Murata and Nakazoe
2001, Nishide and Uchida 2003). Alginate containing drugs like Graviscon (sodium alginate, sodium
bicarbonate and calcium carbonate) suppress acidic refluxes, binding of bile acids and duodenal ulcers
in humans (Khotimchenko et al. 2001). Alginates also have anti cancer properties (Murata and Nakazoe
2001)

Carrageenan

Carrageenans are complex sulphated polysaccharides. They are commercially important
hydrocolloids, derived from various red seaweeds. The name carrageenan is derived from a small
coastal town in Ireland, where commercial harvests of Chondrus crispus (Irish moss) were made in 19"
century. It is the third most important hydrocolloid in the world after starch and gelatin and occurs as
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Fig 7. Seaweeds used for Carrageenan production

Chondrus crispus Acanthophora spicifera

cell wall matrix material in various species of red seaweeds (Mc Hugh 2002). Carrageenans are
sulphated galctans classified according to the presence of 3, 6 —anhydrogalctose on the 4 —linked
residue and based on the number and position of sulphate group they are of four types: kappa, iota, beta
and lambda. kappa carrageenan is extracted from Kappaphycus alvarezii (cottonii of the trade). iota
carrageenan from Eucheuma denticulatum (spinosum of the trade), beta carrageenan from Betaphycus
gelatinae (gelatinae of the trade) and lambda carrageenan from Acanthophora spicifera (Fig. 7) (FAO
2013, Neish 2003). The carrageenan industry mainly depends on warm water seaweeds viz.,
Kappaphycus alvarezii and Eucheuma denticulatum. Cold water red seaweed species like Gigartina
skottsbergii, Sarcothalia crispata and Chondrus crispus are used to extract special carrageenans that
cannot be supplied by warm water Kappaphycus and Eucheuma (Bixler and Porse 2011). Other
carrageenan yielding seaweeds include Iridaea and Hypnea (Chapman and Chapman 1980)

Carrageenan makes use of its both hydrophilic and anionic properties. Anionic property of
carrageenan influences the hydrophilic nature. Carrageenan applications are increasing day by day due
to its wide range of properties. More than 250 applications are identified in different fields such as food
products and processing, pharmaceutical industry, cosmetics, etc., (Bixler and Porse 2011; Mc Hugh
2003). The carrageenan market is worth US$ 527 million with most carrageenan used as human food
grade semi refined carrageenan (90%) and the rest going into pet food. From human health perspective
it has been reported that carrageenan has antitumour and antiviral properties (Skoler-Karpoff et al.
2008, Vliegheetal. 2002, Yan etal. 2004, Zhou et al. 2006).

Carrageenan gels from Chondrus crispus could block the transmission of the HIV virus as well
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as other STD viruses such as gonorrhea, genital warts and the herpes simplex virus (HSV) (Caceres et
al. 2000, Carlucci et al. 1997, Luescher-Mattli 2003, Witvrouw and De Clercq 1997). In addition, they
are good candidates for their use as veginal microbicides as they do not exhibit significant levels of
cytotoxicity or anticoagulant activity (Buck et al. 2006, Zeitlin et al. 1997). The most active
carrageenan has approximately one fifteenth the activity of heparin (Hawkins et al. 1962). The
hypoglycaemic effect of carrageenan may be useful in the prevention and management of diabetes
(Dumelodetal. 1999).

The use of carrageenan for food applications started almost 600 years ago. Due to its long and
safe history of use, it is generally recognized as safe (GRAS) by experts from US Food and Drug
Administration (21 CFR 182.7255) and is approved as a food additive (21 CFR 172.620). The World
Health Organization (WHO) Joint Experts Committee of Food Additives has concluded that it is not
necessary to specify an acceptable daily intake limit for carrageenans (Van de Velde et al. 2002).
Carrageenan with not less than 5mpas viscosity of at 1.5% concentration and 75A°C (US Food and
Nutrition Board 1981) had been demonstrated to be safe.

In Indian waters, the following seaweeds are listed under different types of carrageenan
yielding seaweeds viz., Kappa carrageenan from Hypnea musciformis, and Hypnea valentiae, lota
carrageenan from Solieria robusta and lamda carrageenan from Acanthophora spicifera, Grateloupia
indica, Halymenia porphyroides, Halymenia venusta, Laurencia papillosa and Sebdenia polydactyla,
(Subba Raoetal. 2009). However they are not yet exploited for the production of carrageenan.

As Manure

Seaweeds have been initially connected directly or indirectly with human beings as a source of
food, fodder and manure from time immemorial (600BC) especially in densely populated countries.
They are rich in potassium salts, micro and macro nutrients as well as growth hormones, adding
manural value essential for major agricultural crops (Thivy 1961). The seaweeds are used as bio-
fertilizers because of their benefits as soil conditioners and green manure (Booth 1964). The potential 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 like Zn, Cu and Mn and plant growth regulators
namely Auxins, Gibberellins and Cytokinins (Rengasamy 2004).

Major brown seaweeds used for fertilizer are Ascophyllum, Macrocystis, Laminaria, Ecklonia,
Durvillaea, Cabophyllum, Himanthalia, Sargassum and Turbinaria and red seaweeds include
Pachymenia, Lithothamnion, Phymatolithon (Fig. 8) (Boney 1965). 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 appeared in Roman writings from the second
century AD. Seaweed fertilizers are now commercially available in several trade names such as
Maxicrop (United Kingdom), Geomill (France), Algifert (Norway), Kelpak 66 (South Africa) and
Seasol (Australia) (Subba Rao et al. 2016). In India, Thivy (1958, 1960) first reported the use of
seaweeds as manure for the growth and better yield of vegetables and crops and showed increased yield
in Bhendi applying Hypnea compost along with cow dung and ash.

Seaweed fertilizers have been 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 making
available to the roots (Wallen Kemp 1955). Seaweed fertilizers from various seaweeds on various crops
have been studied and the results have shown increased yields. Seaweeds directly used as fertilizer on
coconut, palms 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 1965), peanuts and sweet
potatoes (Tseng 1973), green chilies and turnip (Dhargalkar and Untawale, 1980). Phaseolus vulgaris
(Featonby- Smith and Van Staden 1984), Maize, Cholam, Ragi and Kambu (Subramanian 1987), green
gram, black gram and rice (Kannan and Tamilselvan 1990), Zizyphus mauritiana (Rama Rao 1991),
Cucumber and tomato (Whapham et al. 1993) giving optimum vyields. Recently Liquid Seaweed
Fertilizer (LSF) extracted from Kappaphycus alvarezii when applied as foliar spray across the Indian
peninsula on different crops (rice, wheat, black gram, green gram, sugar cane, tomato, bhendi) showed
an increase in yield from 10% to 40% (US Patent No: 6893479 B2, 2005). Singh et al. (2015) has
showed that 10% foliar spray of LSF from Kappaphycus alvarezii to rice crop is productive and
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Fig 8. Seaweeds used for Manure production
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Turbinaria sp. Sargassum sp.

remunerative giving higher profitable yield. Further it is concluded that the foliar application of 2.5%
LSF either from Kappaphycus alvarezii or from Gracilaria edulis could curtail the 50% fertilizer
requirement of the crop. Nowadays some seaweed biofertilizers viz., Aqua Sap from Kappaphycus
alvarezii (Aquagri processing private Limited, New Delhi), Organic 6 from Sargassum spp (SNAP
Alginate and Natural Products, Ranipet), Phycolinn from Sargassum, Turbinaria and
Kappaphycus (Linn Plantae Private limited, Madurai) are popular in the market (Periyasamy et al.
2015, Subba Ra0 2016).

Other Uses

Fucoidans are a group of polysaccharides (fucans) widely found in the cell walls of brown
seaweeds and are not found in other algae and higher plants (Enoki et al. 2003). Fucoidan stimulates the
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immune system in several ways, and the numerous important biological effects of fucoidans are related
to their ability to modify cell surface properties (Usov et al. 2001) and inhibition of viral replication
along with stimulation of the immune system (initiate and adaptive) functions (Hayashi et al. 2008).
Antioxidant activity has been demonstrated in marine algae viz., Porphyra haitanesis (Zhang et al.
2003), Ulva pertusa (Qi et al. 2005a, 2005b), Fucus vesiculosus (Ruperez et al. 2002), Ecklonia
kurome (Hu et al. 2001), Kappaphycus alvarezii (Sureshkumar et al. 2008) and Enteromorpha
compressa, E. linzaand E. tubulosa (Ganesan et al. 2011).

Mannitol is an important sugar alcohol which is present in many species of brown algae,
especially in Laminaria and Ecklonia. Itis used in pharmaceutical industry, in making chewing gum, in
the paint and varnishes Industry, in leather and paper manufacture, in the plastic industry and in the
production of explosives. It is used in a variety of foods, candies and chocolate flavored compound
coatings because it replaces sucrose to make sugar free compound coatings. Sugar free chocolates are
especially popular for people with diabetes, a growing problem in modern society (Kraan 2012).
Further it is the preferred incipient for chewable tablets due to its favorable feel in the mouth. It is non
carcinogenic and may be used in pediatric and geriatric food products as it will not contribute to tooth
decay (Nabors 2004).

Laminarin is a glucan and a linear polysaccharide found in fronds of Laminaria / Saccharina,
Ascophyllum, Fucus and Undaria. It has been shown to be as safe surgical dusting powder, and as
tumour inhibiting agent and as an anti coagulant in the form of sulphate ester (Miao et al. 1999). It
lowers the levels of total cholesterol, free cholesterol, triglyceride and phospholipid in the liver (Miao et
al. 1999, Renn et al. 1994a, 1994b). Ulvan is derived from the original terms ulvin and ulvacin
introduced with reference to different fractions of water soluble sulphated polysaccharides of Ulva
lactuca. The cell wall polysaccharides of ulvales represent 38% to 54% of the dry algal matter (Lahaye
1998). Two major kinds have been identified and they are water soluble ulvan and insoluble cellulose
like material. Monostroma ulvans have been patented for the treatment of gastric ulcers (Arasaki et al.
1984, Nagaoka et al. 2003). Porphyra contains sulphated polysaccharide called porphyrin, a complex
galactan. Palmaria palmata does not produce matrix galactans but produces Xylans accounting for
35% of the dry matter (Lahaye etal. 1993).

Seaweeds are also a source of bioethenol as they contain quite a good quantity of carbohydrates
(more than 60% dry wt.) essential for production of bioethanol through fermentation process. Butanol
is an alternative to ethanol with a higher energy content (butanol 29.2 MJ/L ethanol 19.6 MJ/L),
compared to gasoline (32 MJ/L). It is used to supplement both gasoline and diesel fuels and could be
handled with existing infrastructure (Fortman et al. 2008). Recently bioethenol production was
documented from Kappaphycus alvarezii (Khambhaty et al. 2012) and its economic feasibility is yet to
be established. Seaweed like Kappaphycus alvarezii also serve in bioremediation to clean waste water
by removing toxic metals like cadmium, copper etc., (Sureshkumar etal. 2007).

Conclusion

Seaweeds are primitive macrophytic benthic marine algae present in tidal regions of the
seas/oceans. Green, brown and red seaweeds are found in the intertidal, tidal and subtidal regions
respectively. Of 221 economic seaweeds, 145 for food and 110 for phycocolloid production are utilized.
World production of seaweeds through aquaculture was 23.78 million tons fresh in 2012 (FAO 2014).
Seaweeds have been used as food directly or indirectly as an ingredient in food formulations because
they contain considerable amounts of proteins, carbohydrates and fibre, besides possessing antioxidant,
antimicrobial and anti-inflammatory compounds that help to combat common health alignments.
Moreover certain diseases viz., cancer, inflammation, arthritis, diabetes, hypertension and
cardiovascular ailments are prevented by eating seaweeds as they contain biologically active
compounds like phlorotannins, carotenoids, alginic acid, fucoidan etc., Seaweeds also serve as fodder
because of high nutritional value. The only natural source of phytochemicals (agar, algin and
carrageenan) is seaweeds, which have multifarious uses (agar in biotechnology, alginate as stabilizer
and emulsifier in food industry and carrageenan in food and pharmaceutical industries). Having
micronutrients and growth hormones they also serve very best as manure to improve the quantity and
quality of agricultural crops providing healthy food for human beings. In addition they form a source for
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bioehtenol production and aid in bioremediation removing toxic metals from waste water.
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