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Abstract
Seaweeds are arguably, collectively the largest marine biomass and contain a wide range of bioactive substances with nutritional,
pharmacological and other biological activities highly valuable in many potential industrial applications such as functional foods, nutraceuticals,
pharmaceuticals, cosmetics, biomedical materials, fertilizers, etc. In these applications, the bio-compatible, non-toxic and hydrophilic nature of most
bioactive substances derived from seaweed raw materials offer unique health benefits which are difficult to obtain with land-based substances,
natural products or synthetic ingredients. With the advance of aquaculture technologies and the development of new efficient extraction techniques,
seaweed-based bioactive substances have a broad scope for sustainable and environmentally friendly development with a high potential of economic
utilization.
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Introduction
Biomass is the term given to take the mass of living biological
organisms in each area, or ecosystem, at a given time. Amongst
the many varieties of micro-organisms, plants and animals that
form the overall quantity of biomass on earth, marine biomass
represents a relatively under-explored resource which has attracted
considerable attention in recent years, partly because of the overexploitation of land-based resources. As the oceans cover more than
70% of the globe’s surface, ocean-based biomass and the related
biomaterials are not only vast in quantity, they are also structurally
diverse with many unique biological activities. With marine species
comprising approximately one half of the total global biodiversity,
the oceans offer an enormous resource for novel compounds [1-4].
The importance of marine biomass as a source of novel
bioactive substances is growing rapidly. It is estimated that more
than 20,000 new compounds have been isolated from marine
biomass, with a wide range of applications from pharmaceutical

products to functional foods [5]. Different kinds of substances have
been procured from marine biomass because marine environment
gives marine organisms unique genetic structures and life habitats,
opening the door to the development of many more novel bioactive
substances that can be utilized in food, beverage, medicine,
biotechnology, cosmetics, textiles, etc [6,7].

Seaweeds are important marine organisms and their
commercial applications date back to ancient times. In China,
where homology of medicine and food has been recognized over
2000 years, the health benefits of seaweeds were recognized in
ancient medicinal books such as Sheng Nong’s Herbal Classic,
Supplementary Records of Famous Physicians, Marine Herbal,
Compendium of Materia Medica, etc [8]. Seaweed based fertilizers
were also used in Britain and France over a long time ago. Modern
science and technology have uncovered the many bioactive seaweed
substances and allowed their separation and purification into high
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valued bio-products, which are now widely used in a wide range of
health-related industries [9,10].

Seaweed biomass

Seaweeds, or marine macro algae, are quantitatively the largest
biomass in the ocean [11,12]. The term algae refer to a large and
diverse assemblage of organisms that contain chlorophyll and
carry out oxygenic photosynthesis, among which, marine algae are
those found in the ocean, including micro algae, which are generally
single cell species, and macro algae, which include brown, red
and green seaweeds. In 2009, global output of a brown seaweed
Saccharina japonica was 4.9 million tons, while that of Undaria
pinnatifida was 1.7 million tons. Among the red seaweeds, the
output for carrageenophytes Kappaphycus alvarezii and Eucheuma
spp, both known as “Cottonii” was 4.8 million tons, while that of the
red agarophytes of the genus Gracilaria, was 296,000 tons [13]. The
output for the red Pyropia spp, valuable as food alga “Nori”, was
1.6 million tons. It is estimated that the Norwegian coastal water
contains 50-60 million tons of seaweed biomass, with 7 million
tons washed on shore each year.
As land based resources are increasingly over stretched, the
commercial exploration of seaweed biomass becomes particularly
important. As a raw material for industrial exploration, there are
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abundant natural seaweeds around the world, which are grown and
rotten in the vast ocean if no industrial activities are carried out.
Currently, brown and red seaweeds are used on a large scale for the
production of hydrocolloids such as alginate, carrageenan and agar,
with Qingdao Brightmoon Seaweeds Co alone using around 60,000
tons of dry seaweeds annually for alginate production.

Although there are huge varieties of natural seaweeds, worldwide research and commercial exploration are mainly focused on
ten genera or species, i.e. Laminaria sp, Fucus sp, Ascophyllum
nodosum, Chondrus crispus, Pyropia spp, Ulva sp, Sargassum sp,
Gracilaria sp, Palmaria palmate, Undaria pinnatifida, etc [14].
Whilst there are large quantities of wild resources for these
types of seaweeds, commercial exploration is now mainly from
cultivated sources. As can be seen in Figure 1, China is by far the
largest seaweed cultivator in the world, with about 50% of the
global output [13]. These natural and cultivated seaweeds are
a unique source of raw materials for the production of seaweedbased bio-products. They have large scale and varieties, and
are green, environmentally friendly and renewable. In general,
seaweed biomass and the natural products derived from them are
hydrophilic, biocompatible and biodegradable, and contain many
substances with high bioactivities, which are important supplement
to land based resources [15,17] (Figure 1).

Figure 1: Aquaculture plant output in major countries.

Bioactive seaweed substances
Bioactive seaweed substances (here abbreviated as BASS) are
a group of chemical components extracted from seaweed biomass,
which can influence the biological processes of living organisms
through chemical, physical, biological and other mechanisms.
These substances include biomass components in the extracellular
matrix, cell wall, plasma and other parts of the seaweed cells
generated through primary and secondary metabolism, of which,
the primary metabolites are generated when the seaweed cells
process nutrients through bio-degradation or bio-synthesis, such

as amino acids, nucleotides, polysaccharides, lipids, vitamins,
etc, while secondary metabolites are those chemicals modified
from primary metabolites, including genetic materials, medicinal
materials, biotoxins, functional materials and other seaweed based
substances. Figure 2 illustrates the major components in a plant
cell. Similar to a normal plant cell, the seaweed cells can be divided
into cell wall, protoplast, ergastic substances and physiological
activators. These are substances that possess high bioactivities and
commercial values when separated, extracted and purified [18,19]
(Figure 2).
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Figure 2: Major components in a plant cell.

Table 1
Division

Phaeophyta

Rhodophyta

Chlorophyta

Common name

Brown seaweed

Red seaweed

Green seaweed

Pigments

Chlorophyll a,c;
β-carotene,
fucoxanthin and
several other
xanthophylls

Chlorophyll a; R- and C-phycocyanin, allophycocyanin; R- and B-phycoerythrin. α- and β- carotene and several xanthophylls

Chlorophyll a,b;
α-,β- and
γ-carotenes and
several
xanthophylls

Laminaran (β-1,3- glucopyranoside, predominantly);
mannitol

Storage product
Cell wall components

d

Cellulose, alginic acid, an
sulfated
mucopolysaccharides (fucoidan)

Floridean starch (amylopectin-like)
Cellulose, xylans, several sulfated polysaccharides (galactans) calcification in some; alginate in
corallinaceae

(Table 1) shows the cell composition of brown, red and green
seaweeds. The three types of seaweeds have long been used
to produce alginate, agar and carrageenan, which are natural
polymeric materials with very large molecules capable of dissolving
in water to give viscous solutions. As water-soluble carbohydrates,
these biopolymers are used to thicken aqueous solutions, to form
gels of varying degrees of firmness, to form water-soluble films, and
to stabilize some products, such as ice cream where they inhibit
the formation of large ice crystals so that the ice cream can retain
a smooth texture. In addition to alginate, carrageenan and agar,
seaweeds also contain many substances in smaller quantities but
with much high and specific bioactivities. Based on their roles in
the seaweed cell, these many bioactive seaweed substances can be
divided into structural components such as alginate, carrageenan
and agar, physiological substances such as the many halogenated
chemicals evolved as part of the defense mechanism for seaweeds,
and metabolic compounds such as β-carotene, astaxanthin,
eicosapentaenoic acid, etc.

Starch (amylase and amylopectin)
(oil in some)
Cellulose in many (β-1,4glucopyroside), hydroxyproline glucosides; xylans and
mannans

According to their chemical structures, they can be divided
into polysaccharides, polypeptides, amino acids, lipids, sterols,
terpenoids, glycosides, non-peptide nitrous compounds,
enzymes, pigments, and other chemical species with defined
chemical structures. According to their bioactivities, they include
many substances with anti-tumor, immune regulation, blood
sugar reduction, radiation resistance, reduction of hematic fat,
anticoagulant, antithrombotic, anti-inflammatory, anti-allergic,
antibacterial, antiviral, oxidation resistance, resistance to UV
radiation, inhibition of enzyme activities, anti-aging, anti-HIV,
deodorant, fatigue resistance and many other functions [20,21].
The commercial exploration of the many bioactive seaweed
substances have now developed into an environmentally friendly
and sustainable industrial chain, comprising seaweed cultivation,
extraction of bioactive substances, purification & modification,
and commercial applications of the seaweed derived bio-products.
While traditionally used in textile, printing, animal feeds, fertilizers,
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and other traditional industries, with the application of advanced
technologies, the value of bioactive seaweed substances can be
further increased in many emerging high valued applications. For
example, alginate extracted from brown seaweeds can be converted
into fibers through a wet spinning process, while the fibers can be
further made into nonwoven fabrics and converted into highly
absorbent wound dressings. During this process, the sales of
alginate based, products derived from each ton of brown seaweed
increased from RMB 8,000/t for raw seaweeds to RMB16,000/t
for sodium alginate, RMB80,000/t for alginate fibers, and RMB
2,400,000/t for alginate wound dressings respectively.

Technical problems in the research and development of
bioactive seaweed substances
The development of bioactive seaweed substances involves
three major technical activities, i.e., extraction and purification of
seaweed components, functional modifications and commercial
applications of the various types of seaweed based, materials. Over
the years, many processes have been developed to extract chemicals
from seaweeds, such as iodine, alginate, fucoidan, etc from brown
seaweeds, carrageenan and agar from red seaweeds [15]. Purity

is a major issue for these biomass derived substances, especially
for high end applications in the biomedical and pharmaceutical
industries, where endotoxin, glycoprotein and other impurities may
initiate inflammatory responses, hence sophisticated purification
processes are required. Functional modifications of bioactive
seaweed substances are also important in further enhancing the
value and widening the applications of these materials. In this
respect, while natural seaweed derived substances already offer
a wide range of chemical structures and material properties,
through physical, chemical and biological modifications, the range
of structures and properties can be further extended to offer more
specific functional performances.
It should be pointed out that in this relatively new field, there
remain many scientific and technical problems. In particular,
the following areas still require a vast amount of research and
development efforts. First, the dehydration and drying operations
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need to be more efficient in order to save fresh water and energy.
Bioactive seaweed substances are highly hydrophilic materials
which require a vast amount of fresh water to separate them from
the rest of the seaweed biomass. For example, almost 1000 tons of
fresh water is required to produce 1 ton of alginate. A systematic
research into the separation, dehydration and drying processes
is useful to cut back the water and energy requirement of the
production process.

Second, as natural compounds, bioactive seaweed substances
are chemically and physically connected with various other
components of the seaweed biomass. The production of high
purity products requires detailed research into the impurities
complexed with the various bioactive seaweed substances. Third,
more work is required to generate derivatives from bioactive
seaweed substances. This is important to generate more functional
properties, widen applications, and generally increase the value
of seaweed biomass. Fourth, the complex structures of natural
compounds need sophisticated characterization techniques.
Fifth, as the bioactive seaweed substances possess many novel
bioactivities, studies need to be carried out to qualify and quantify
these performances in vitro and in vivo, so that the mechanisms of
their clinical benefits are clearly understood. Last but not least, a
large number of standards and test methods are required for the
many types of bioactive seaweed substances.

Applications of bioactive seaweed substances

(Figure 3) shows an illustration of the commercial applications
of seaweeds. While traditionally used as a marine vegetable,
seaweeds are increasingly used for their rich contents of bioactive
substances, with the production of phycolloids totaling more than
100,000 tons globally [22]. In recent years, the many bioactivities of
seaweed derived substances have found applications in functional
foods, drug and health products, cosmetics, biomedical materials,
fertilizers and environmental protection areas. They can benefit
human health through their many unique bioactivities. Some of
these applications are introduced below.

Figure 3: An illustration of the commercial applications of seaweeds.
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Marine functional foods
Seaweed derived hydrocolloids have long been used as food
ingredients. In particular, the unique biophysical properties of
alginate and carrageenan are highly valuable in the development of
functional food products [23]. As food ingredients, the applications
of alginate and carrageenan are based on three main properties, i.e.,
thickening, gelling and film forming. In particular, the unique gelling
abilities at low temperature alongside good heat stability make
alginate ideal for use as thickeners, stabilizers and restructuring
agents. Recently, alginate is increasingly used in a myriad of newer
applications, from encapsulating active enzymes and live bacteria,
to acting as the carrier for protective coating of pre-packed, cut or
prepared fruits and vegetables. With novel chemical and biological
modifications to alter its structures and properties, there are
possibilities of novel applications of specific alginates in the food
industry that have high bioactivities at low concentrations. In
general, seaweed derived functional foods can provide health
benefits by reducing the risk of chronic diseases and enhancing the
ability to manage chronic diseases, thus improving the quality of
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life. They can also promote growth and development and enhance
performance [14].

Marine nutraceuticals

Marine nutraceuticals can be derived from a vast array of
sources, including marine plants, microorganisms, and sponges.
Fucoidan is a complex fucose-rich sulphated carbohydrate which
can be extracted from brown seaweeds. This biologically active
carbohydrate has been shown to inhibit a wide range of cancer cell
lines and studies in mice indicate that anti-cancer effects are seen
in-vivo too [24]. As a marine nutraceutical product, fucoidan has
been used in many health products and is important for its high
bioactive properties, for example, antibacterial, anticoagulant,
antiviral, antitumor, etc [25-27]. Seaweeds and marine micro
algae are natural sources for β-carotene, astaxanthin and eicosa
pentaenoic acid (Figure 4 for their chemical structures), which have
high bioactivities and are important part of nutraceutical products,
playing a significant role in a number of aspects of human health
(Figure 4).

Figure 4: Chemical structures of β-carotene (1), astaxanthin (2) and eicosapentaenoic acid (3).

Marine drugs and health products
It has been shown that seaweeds contain compounds that
may have anti-cancer, anti-tumor, anti-viral activity and other
pharmacological activities [28]. Many reports have been published

about isolated compounds from seaweeds with biological
activities, demonstrating their ability to produce metabolites
that can be used for marine drugs and health products. In this
respect, daily consumption of seaweed has been proposed as a
factor in explaining lower post-menopausal breast cancer (BC)
incidence and mortality rates in Japan [29] where the average
consumption of seaweeds is much higher than the rest of world.
Natural products derived from seaweeds are both a fundamental
source of a new chemical diversity and an integral component of
today’s pharmaceutical collection. Nowadays, numerous marine
compounds are isolated from marine animals, algae, fungi, and
bacteria with antibacterial, anticoagulant, antifungal, antimalarial,

antiprotozoal, antituberculosis, and antiviral activities. In the last
three decades, the discovery of metabolites with biological activities
from macro algae has increased significantly. Substances that
currently receive most attention from pharmaceutical companies
for use in drug development, or from researchers in the field of
medicine-related research include sulphated polysaccharides as
antiviral substances, halogenated furanones from Delisea pulchra
as antifouling compounds, and kahalalide F from a species of
Bryopsis as a possible treatment of lung cancer, tumours and AIDS.
Other substances such as macro algal lectins, fucoidans, kainoids
and aplysia toxins are routinely used in biomedical research and
a multitude of other substances have known biological activities.
There are huge potential for seaweed based bioactive substances
in pharmaceutical, medicinal and research applications [30].
The many medicinal benefits of bioactive seaweed substances
include their anti-herpes simplex virus type 1 activity antibiotic

Citation: Yimin Qin. Research, Development and Commercial Applications of Bioactive Seaweed Substances in Health Products. Annal of Pub
Health & Epidemiol. 1(4): 2021. APHE.MS.ID.000516.

Page 5 of 9

Annals of Public Health & Epidemiology

activity [31], bioactivity against acne vulgaris [32], anti-obesity
property [33], inhibition of lipase activity [34], anticancer activity
[35], enzyme inhibition [19], hepatoprotective effect [36], antiinflammatory activity [37], etc.

Marine cosmetics

In recent years, cosmeceuticals of natural origin are becoming
more popular than synthetic cosmetics. Hence, the investigation
of new seaweed derived functional components has become a
promising area of cosmeceutical studies. Chemical constituents
isolated from diverse classes of seaweeds exert a wide range of
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nutritional, functional and biological activities, which make these
unique metabolites of seaweeds potential ingredients of high-class
cosmetic products. For example, brown seaweeds produce a range
of active components including unique secondary metabolites such
as phloro tannins, many of which have specific biological activities.
In cosmetic applications, brown seaweed derived active compounds
have shown various functional properties including antioxidant,
anti-wrinkling, whitening, anti-inflammatory and anti-allergy,
which are biological effects closely associated with cosmeceutical
preparations [38] (Figure 5).

Figure 5: Chemical structure of tetrafucol A, a fucol-type phlorotannin found in the brown seaweed Ascophyllum nodosum.

Marine biomedical materials
Much attention has been paid to marine derived biomaterials
for various biological, biomedical, and environmental applications.
Marine bioactive substances for healthcare are the most important
and fastest growing sector among marine biomaterials. Seaweeds
are the abundant source for polysaccharides such as alginate, agar,
agarose, and carrageenan, of which, alginate is a biomaterial that has
found numerous applications in biomedical science and engineering
due to its favorable properties, including biocompatibility and ease
of gelation. Alginate hydrogels have been particularly attractive in
wound healing, drug delivery, and tissue engineering applications,
as these gels retain structural similarity to the extracellular

matrices in tissues and can be manipulated to play several critical
roles. Alginic acid can combine with many types of metal ions to
form fibrous materials containing a high concentration of metal
ions, enabling the fibers to have flame retardant and magnetic wave
shielding properties. Calcium alginate fibers also possess unique gel
forming capabilities when the calcium ions exchange with sodium
ions in body fluid. As shown in Figures 6&7 nonwoven fabrics made
from alginate fibers can form a soft hydrogel when on contact
with body fluid, a property highly valuable in wound dressings,
face masks, absorbent pads and other medical and hygiene textile
materials [39-41] (Figure 6).

Figure 6: Dry (a) and wet (b) structure of alginate fibers.
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Marine fertilizers
(Figure 7) Seaweeds contain many growth promoting
substances in addition to many organic and inorganic matter that
can improve the physical and chemical nature of soil [42,43]. In
terms of soil structure, seaweed does not add a great deal of bulk,
but its jelly like alginate content helps to bind soil crumbs together,
and it contains nitrogen, phosphorous and potassium compounds
in addition to various amino acids and other important soil
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nutrients. In the modern seaweed processing industry, seaweed
fertilizers have become a fast growing sector where residues from
the extraction processes can be utilized to serve as high quality
soil fertilizers. Fresh seaweeds can be processed for foliar feeding
or root zone applications through drip lines with soluble extracts.
Seaweeds, particularly bladderwrack, kelp or laminaria, can be
either applied to the soil as a mulch or can be added to the compost
heap, where it is an excellent activator.

Figure 7: Formation of a moist gel on the interface between wound and alginate dressing.

Figure 8: Screening of bioactive seaweed substances for specific applications.

Future perspective
Seaweed biomass represents a vast amount of structurally
diverse natural resources [44,45]. They are versatile products
widely used for food in direct human consumption, also as
ingredients for the global food and cosmetics industries, as
fertilizers and as animal feed additives. Because of the many highly
bioactive substances, seaweeds are now increasingly used as a
source for drugs, nutraceuticals and other high valued products
[28,46-49] (Figure 8).

Looking into the future, bioactive seaweed substances are
valuable in a group of industries including pharmaceuticals,
nutraceuticals, functional foods, biomedical materials, cosmetics,

fertilizers, in addition to traditional applications in textiles,
chemicals and environmental protection. Once extracted, separated
and purified, the various types of bioactive seaweed substances can
be screened for their bioactivities and utilized in an appropriate
application. Figure 8 illustrates the screening of bioactive seaweed
substances for specific applications.

Summary

In summary, the seaweed biomass contains many varieties
of bioactive substances which are highly valuable in a number
of health-related industries. Modern technologies can allow the
separation of these native ingredients into purified chemical
compounds. Once structurally characterized and functionally
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assessed, the highly active compounds can be applied in marine
drugs, while those with lower activities can be used in herb
medicine, nutraceuticals, biomedical materials, functional foods
and other applications based on the level of their bioactivities.
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