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Abstract

Algae are organisms that can survive in a wide range of environments, usually in
aquatic situations. They have the ability to photosynthesize and reproduce rapidly. The
plant and algae have similar in physiological properties but different in cellular structure
and reproduction. Algae are photosynthetic organisms with great diversity in size and
form, ranging from unicellular microscopic organisms (microalgae) to large multicellular
forms (macroalgae). Algae can be a very interesting natural source of new compounds
with biological activity that could be used as functional ingredients [1]. Algae are
biological compound which can be applied as functional ingredients.

Keywords: Proteins; Amino Acids; Nutrients; Lipids; Carotenoids.

Introduction

Besides the fact that algae are found in natural resource, also have other important
aspects. For example, it is easy to cultivate them; grow rapidly and it is possible to
control the production of some bioactive compounds. Compounds by manipulating
cultivation conditions. The process of algal cultivation in ponds can be divided into
three stages: harvesting, culturing and harvesting after treatment. Foods made from
algae are a promising source of ingredients for the development of novel food products.
Algal metabolites are good source of proteins, minerals, vitamins, amino acids, lipids,
fatty acids, polysaccharides, nucleic acid and carotenoids. Algal metabolites are great
nutritional supplements [2,3]. Algae play an important role in the food chain as they
produce oxygen and biomass.

Algae are eukaryotic microorganisms that contain chlorophyll and store carbohydrates
as starch, glycogen or lignin. Many are cultivated for their nutritional value because they
provide many vitamins. These include A, By B, Bg, niacin and vitamin C [4].

Edible seaweeds are rich in nutrients that are beneficial its human health. It contains
bioactive antioxidants, soluble dietary fibers, minerals, phytochemicals and
polyunsaturated fatty acid, which are low in calories. Nutrients content can effect by
environmental factors such as location, environmental condition and season [5].

Microalgae have been studied for decades, but recently scientists have become
interested in them again as a renewable energy source. Algae can be cultivated using
commercially available growth components and inexpensive growth media, so this could
become a commercial technology in large-scale open pond cultivation. Microalgae are
advantageous to the economy and environment. They are photoautotrophs, meaning
they do not need organic substances for energy. Because of this, the large-scale culture
of microalgae is theoretically simpler and cheaper than that of other organisms. Solar
radiation, water, CO,, and inorganic nutrients are the basic requirement for algal growth.
There are many other types of algae that can be grown in saline to hypersaline waters, so
they do not compete with conventional agriculture for limited resources [6].
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Microalgae have high nutritional values. This is due to
their ability to produce (I) Long-Chain Polyunsaturated Fatty
Acids; (Il) Phenolic Compounds; (lll) Volatile Compounds; (1V)
Sterols; (V) Proteins, Amino Acids, Peptides; (VI) Vitamins; (VII)
Polysaccharides; (VIII) Pigments and (IX) Food.

The Omega-3 family can be found in many foods,
including fish oil and flaxseed oil. And the other omega-6
fatty acids are produced by microalgae. Omega-3s have been
shown to reduce triglyceride concentrations; support healthy
cardiovascular health; promote infant brain development;
inhibit cancer growth; improve mood, cognition, and behavior;
reduce inflammation etc.

Long-Chain Polyunsaturated Fatty Acids

Long-Chain Polyunsaturated Fatty Acids (LCPUFA)
produced by microalgae can be used as food supplements by
the food industry, because microalgae synthesize w6 fatty
acids (y-linolenic acid and arachidonic acid) and w3 fatty
acids (eicosapentaenoic acid and docosahexaenoic acid) [7,8].
Several microalgae strains have been reported to be good
producers of various PUFAs. Microalgae can be used as
substitutes for fish oil, which will reduce the pressure on fish
stocks that are already in danger of being depleted.

Essential fatty acids (EFAs) are linolenic acid (ALA),
eicosapentaenoic acid (EPA), and docosahexaenoic acid
(DHA). DHA and EPA are essential fatty acids that are found in
the microalgae that are consumed by zooplankton, fish, and
other multicellular organisms. The EFAs become increasingly
concentrated up the food web [9]. Fish oils are rich in
docosahexaenoic acid (DHA) and eicosapentaenoic acid
(EPA), because they represent the trophic integration of DHA-
rich flagellates and EPA-rich diatoms in the food web [10].
There is evidence that the acidification of oceans, caused by
changes in coastal processes and increased levels of CO, in
the atmosphere, can affect the supply of essential fatty acids
to higher trophic levels [11]. Several factors affect the
production of EFA in algal assemblages [12,13].

Several recent studies analyzed the constituent fatty acids
of large numbers of red, brown, and green macroalgae from
polar [14] (20 species), temperate [15] (16 species) [16] (10
species), and tropical [17] (27 species); [18] (22 species)
habitats, and, despite some species variability, red
(Rhodophyta) and brown (Phaeophyceae) macroalgae had a
high proportion of total FAs in EPA and arachidonic acid
across latitudes, whereas the green (Chlorophyta) algae had
low EPA (as % of total FA) but some DHA, and, were enriched
in Cig LC PUFA. Phytoplankton contains more PUFA when
grown at lower temperatures, as expected [e.g, DHA in
Crypthecodinium, 19]. Lower temperatures can be good for
maximal biomass production, and 12 hours of lowering the
temperature can induce maximal EPA content in diatoms [20].
The content of omega-3 FA can be manipulated by the timing
of wild harvest or grow-out of sea vegetable crops in winter
to increase EFA in whole foods.

Phaeodactylum tricornutum contains 30%-45% of the
PUFAs of which EPA accounts for 20%—-40% of their total fatty

acids [21]. It can be found in Monodus subterraneus, Porphyridium
cruentum, Chaetoceros calcitrans, and Nannochloropsis spp.
[22,23].

Producers of DHA include Crypthecodinium cohnii (up to
39% of total fatty acids; 22), Isochrysis galbana, and Pavlova
salina [24,25].

Dunaliella salina and Spirulina platensis have been
reported to be good sources of linolenic, oleic acids, and DHA
[26,27]. While Porphyridium cruentum contains only a small
amount of lipids in its biomass (6.5%), the majority are palmitic
acid, arachidonic acid, EPA, and linoleic acid [28]. Nostoc
commune is a species of cyanobacteria that are found in
acidic ponds, lakes, and ditches. They are used in the treatment
of cancer, viruses, burns, and chronic fatigue. However, the
compounds responsible for these effects have not yet been
identified [29].

Phenolic compounds

Phenolic compounds are one of the most important
classes of antioxidants, which can be used as dietary
supplements. Phenolic compounds are produced as secondary
metabolites in response to stress. They play a role in the
protective mechanism of cells against biotic factors such as
grazing and UV radiation, bacteria settlement, and other
fouling organisms or metal contamination [28]. Phenolic
compounds produced by microalgae include caffeic acid,
ferulic acid, p-coumaric acid that can be extracted with
subcritical water technology [30,31].

There are a number of different types of microalgae to
choose from for use as a dietary supplement. Some of the
most commonly studied species include Nostoc ellipsosporum,
Nostoc piscinale, Chlorella protothecoides, Chlorella vulgaris,
Chlamydomonas nivalis and several others [32,33]. They have
similar or higher total phenolic contents than some fruits and
vegetables such as kale, shallots, oriental plum, cashews,
apple and strawberries [34-36].

Table 1. Distribution of main bioactive phenolic compounds in algae.

Algal group |Class of phenolic |Algal species

compounds

Rhodophyceae |Bromophenols Pterocladia capillacea, [37] Odonthalia
Terpenoids corymbifera, [38] Rhodomela
MAAs (a) confervoides, [39] Jania rubens [40]

Tichocarpols Laurencia sp.,[41] Callophycus serratus
[42]
Porphyra sp. [43]

Tichocarpus crinitus [44]

Phaeophyceae |Phlorotannins Eisenia bicyclis, [45,46] Ecklonia cava,
Bromophenols [45,46] Ecklonia kurome, [45,46] Ecklonia
Meroditerpenoids |stolonifera, [47] Ishige okamurae, [48]
Colpol Eisenia arborea [49]

Padina arborescens, [50] Sargassum
siliquastrum, [50] Lobophora variegate
[51]

Sargassum fallax [52]

Colpomenia sinuosa [53]

Chlorophyceae |Bromophenols Codium fragile, [37] Avrainvillea

MAAs longicaulis, [37] Avrainvillea nigricans,
Coumarins [37] Avrainvillea rawsonii [37]
Vanillic acid Prasiola spp. [54]

Dasycladus vermicularis [55]
Cladophora socialis [56]

(@)MAAs, mycosporine-like amino acids.
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Volatile compounds

Certain volatile compounds, like carbonyls, alcohols,
aldehydes, esters and terpenes are naturally produced by
algae. These volatile compounds can be used as flavoring
agents. Algae are attractive for producing flavors because
they produce these compounds under mild conditions, high
region-and enantio-selectivity and no toxic waste generate
[57]. Spirulina is good source of heptadecane and tetradecane,
which are volatile compounds known to have antibacterial
capacity. D. salina is reported to contain volatile compounds
such as B-cyclocitral, a- and B-ionone, neophytadiene, and
phytol that have antimicrobial activity [58,59].

Sterol

Sterols in microalgae play a major role in the algae’s
physiology, including membrane integrity. Phytosterol is one
of the most promising sterols because it is used in healthy
diets and can be used to reduce coronary heart disease [60].
There are different types of algae that have varying amounts
of sterols. While some may have more cholesterol, others may
have more other types of sterols. Older analytical techniques
may have misidentified algal sterols as cholesterol because
their structures are similar. Fucosterol is a compound that
occurs in many algae. It can be found in red and brown
macroalgae [61]. This compound has potential to treat
complications of diabetes and hypertension, as well as other
major health concerns [62].

Protein

Proteins, amino acids and peptides are major components
of microalgae. Microalgae have a high content of essential
amino acids, which is useful for humans and animals. These
amino acids are lysine, leucine, isoleucine, and valine. These
four essential amino acids constitute 35 percent of the
essential amino acids in human muscle protein [63].

Chlorella sp. and Spirulina sp. have the highest protein
content (more than 50% dry weight) [64]. Red and green
algae contain a high level of protein in their bodies, but brown
algae have lower levels [65-69]. For example Porphyra spp.
(Blaver®), Pyropia spp. (Bnori?), Palmaria palmata (Bdulse”),
Ulva spp. (Bsea lettuce”) often contain high levels of protein
(as % dry wt). A. platensis is used as a dietary supplement due
to its high protein content, which is useful for young children
and the elderly (Cyanotech Corporation, Hawaii, USA) [70]. S.
latissima has higher protein content than other seaweed
species due to the environmental conditions in which it grows
[71]. The seaweed Chlorella vulgaris (Chlorophyta) is one of
the most popularly consumed algae in the world because of
its high protein content. It contains 51-58% protein by dry
weight [72]. This species of alga is commonly used for human
food, animal feed, medical applications etc. [73].

Ulva species have the nine essential amino acids that are
needed for human beings, and contain them in high levels
and equivalent to soybean proteins [74].

Cultivation is necessary to increase the protein content of
plant species used for oil and biofuels production [75].

According to a review, the crude protein content of microalgae
biomass ranges from 6 to 63%. Most species have over 40%
crude protein on the basis of dry mass. The protein content of
16 microalgae ranged from 12% to 35%. The diatom
Chaetoceros gracilis had the lowest percentage, while
Nannochloropsis oculata had the highest [76]. A 2007 report
by Becker provided an overview on the major constituents of
13 species of microalgae. The protein content in each varied
between 6% and 71% of dry matter, with at least 50% in most
species [75]. A majority of species in the genus Spirogyra had
a protein content ranging from 6.0% to 20.0% of dry matter,
which is lower than that reported by Tipnee et al., (2015) and
Saragih et al., (2019) [77,78]. Acquah et al. reported a range of
protein content of 6-58% in 17 microalgal species in 2020
[79]. A similar range (10-71%) of protein content was reported
by Becker in 33 microalgal species [80]. Another review of 22
algal species showed the protein content in dry biomass to be
6-20% for Spirogyra sp. and 8-18% for Scenedesmus
dimorphus. The majority of species had over 50% protein [81].
Most microalgae species contain a high content of protein
and some have been used for food proteins or dietary
supplements. For example, Chlorella sp. and Scenedesmus
obliquus are available as food proteins, while Arthrospira sp. is
a dietary supplement. It appears that Arthrospira sp. and
Chlorella vulgaris are the most common species of
cyanobacteria to be used in industrial processes due to their
high protein content (51-58% of dry matter) and favorable
essential amino acid profiles [72,82].
Vitamin

Some microalgae contain both water and lipid soluble
vitamins in higher amounts than conventional vitamin rich
foods. This is because these microalgae have a high nutritional
value and can provide certain vitamins to humans and animals.
Vitamin contains [-carotene (provitamin A), tocopherol
(vitamin E), thiamin (vitamin B,) and folic acid, was higher in
many microalgae than in conventional foods. Some
cyanobacteria, including Arthrospira (Spirulina),
Aphanizomenon and Nostoc are produced for the food
industry. They produce up to 3,000 tons of cyanobacteria per
year [83]. Since the 1990s, spirulina has been known to be a
useful and superior source of vitamins. Seaweed has many
nutrients that can be used as a food source for humans,
including vitamins and minerals. Arthrospira contains other
vitamins as well. It is a source of vitamin B4, which can be
found in commercially available Arthrospira. The amount of
vitamin By, per gram is 244 pg [83,84]. Despite the fact that
most of this vitamin is believed to be pseudovitamin By,
which might barely be absorbed by the mammalian intestine,
further investigation is needed for a certain prediction. The
main form of vitamin B, in Aphanothece sacrum is also
pseudovitamin By, and its availability must be considered
doubtful. Belay et al. reported that Spirulina powder contains
provitamin A (2.330_103 1U/kg), B-carotene (140 mg 100/qg),
vitamin E (100 mg 100/g), thiamin B (3.5 mg 100/g), riboflavin
B, (4.0 mg 100/g), niacin B3 (14.0 mg 100/g), vitamin Bg (0.8
mg 100/g), inositol (64 mg 100/g), vitamin By, (0.32 mg
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100/g), biotin (0.005 mg 100/g), folic acid (0.01 mg 100/g),
pantothenic acid (0.1 mg 100/g), and vitamin K (2.2 mg 100/g)
[85]. It is unclear whether this form of vitamin B;, can be
absorbed by the human body or not. More studies have to be
conducted in order to evaluate its effectiveness.

Tetraselmis suecica was found to be a rich source of
thiamin (vitamin B,), pyridoxine (vitamin Bg), nicotinic acid
(vitamin Bs), pantothenic acid (vitamin Bs), and ascorbic acid
(vitamin C). On the other hand, Dunaliella tertiolecta contents
a good source of B-carotene (provitamin A) riboflavin (vitamin
B,), cobalamin (vitamin Bj,), and tocopherol (vitamin E).
Moreover, biotin (vitamin B;) was found in high concentrations
in Chlorella. In brown algae, a-tocopherol is the most common
tocopherol. It has high stability in heat and acid but low
stability in alkali, UV radiation and oxygen. It fixes free radicals
due to the presence of a phenol group in its structure.

Carotenoids are a family of compounds, which are also
important due to their high antioxidant activity. Studies have
shown that the antioxidant activity of different algae is directly
linked to the amount of carotenoids present in them. Research
has suggested that xantophylls derived from U. pinnatifida may
be useful in the treatment of cerebrovascular diseases [86].

Sea vegetables are a good source of vitamins B4, By, and
A. The food-grade sea vegetable Nori is particularly rich in
vitamin K. This nutrient is important for blood clotting and
bone building.

Kelp (Macrocystis pyrifera) can contain levels of
a-tocopherol comparable to those found in palm, sunflower
seed and soybean oils [87,88]. In addition, the values of
pB-carotene (pro-vitamin A) found in seaweeds Codium fragile
and Gracilaria chilensis can exceed those measured in carrots.
The composition of vitamins in microalgae varies greatly.
Tetraselmis suecica, Isochrysis galbana, Dunaliella tertiolecta,
and Chlorella stigmatophora are particularly high in lipid-
soluble (A and E) and B-group vitamins including vitamins By,
B, (riboflavin), Bg (pyridoxal), and By;.

Polysaccharide

A polysaccharide is a polymeric chain of monosaccharide
bonded together with glycosidic bonds. Algal polysaccharides
are obtained from algae. There are many different types of
polysaccharides found in algae that break down into
oligosaccharides and monosaccharide’'s when hydrolyzed.
Among the polysaccharides found in marine algae are
mucopolysaccharides, cell wall-structured polysaccharides,
and storage polysaccharide [50,89]. In addition to thickeners,
emulsifiers, feed, stabilizers, food, and beverages [90],
polysaccharides are found in more than 4,000 species of
seaweeds, ranging from 4.6% to 76.6% by weight.

Polysaccharide levels are high in the polysaccharides of
Ascophyllum, Palmaria, and Porphyra. Ulva, a green seaweed
species, has a polysaccharide content of 65% by dry weight. In
terms of nutrition, seaweeds are low in calorie and lipid
content. While they are rich in carbohydrates, most of this
carbohydrate content consists of dietary fibers that the
human body cannot digest.

As dietary fibers, they are beneficial for human health
because they ensure a healthy digestive environment in the
intestines [66].

Cell walled species have polysaccharides mainly
composed of cellulose, hemicellulose, and neutral
polysaccharides. These polysaccharides play a crucial role in
physically supporting the thallus. Seaweed species contain up
to 2% cellulose and 9% hemicellulose of their dry weight.
Only green seaweed species such as Ulva have 3% lignin of
their dry weight. Brown algae are a group of seaweeds, and
contain laminarin, alginic acid and sargassan. Red algae
contain carrageenans, agars and xylans as water-soluble
polysaccharides. Green algae contain sulfated galactans,
xylans and sulfuric acid polysaccharides [50,89].

Alginates are available in both salt and acid forms. The
salt form is an important component of the cell wall of all
brown seaweed species, consisting of up to 40%-47% of their
total dry algal biomass weight, whereas acid form consists of
linear polychronic acid known as alginic acid [91,92]. Alginates
are complex polysaccharides that have a chemical composition
of linear blocks of covalently linked (b 1-4) C-5 epimer
alguluronate with D-man urinate. These blocks could contain
one or both of these monomers. The ratio and number of
these monomers vary from species to species. Alginates are
used in a number of industries. They are used in the
manufacturing of processed food, cosmetic creams, paper
and cardboard, and pharmaceuticals [93]. In Korea and Japan,
Laminaria japonica is in high demand. There has been an
increase in price due to the popularity of the product, as well
as imports of alginates. The annual growth rate for alginates
is approximately 2%. Textile printing accounts for nearly half
of the global market. Medical and pharmaceutical applications
make up about 20% of the global market with 2-4% annual
growth based on the use of alginate in wound healing
applications and continuous developments in controlled
release technologies. The paper industry is 5% of the global
market [94].

Red algal polysaccharides contain the nutritionally
important floridean starch, and their sulfated galactans
initiate or modulate a large number of biological activities of
importance to human health [95]. The most studied seaweed
polysaccharides are the sulfated agarocolloids and
carrageenans. These two were derived from macroalgae in
the orders Gelidiales, Gigartinales, and Gracilariales. Anti-viral
activities include those against herpes simplex, herpes zoster,
dengue-2, vaccinia, rabies, and vesicular stomatitis virus.
Patents exist for these anti-virals and there are some
commercial projects resulting from this research [96-103].
Consumption of red algae or their extracts in foods may be
protective against viruses. The extract from the seaweed
known as carrageen an has been used in many medicinal
applications for millennia. Today, compounds within this
natural extract have a wide range of uses, including anti-
cancer and immune system stimulation.
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Table 2. Utilization of algae for food and health applications.

Algal species Applications

Spirulina platensis  Phycocyanin, phycoerythrin, and biomass for health

food, pharmaceuticals, feed, and cosmetics

Chlorella vulgaris;
Chlorella spp.

Polysaccharides for dietary supplements, extracts for
cosmetics; Biomass for health food, feed,

Dunaliella salina  B-carotene for health food, feed, dietary supplements,
and cosmetics

Haematococcus Astaxanthin for health food, pharmaceuticals and feed

pluvialis additives

Chlamydomonas ~ Biomass for animal health and feed; environmental

Reinhardtii monitoring; bioremediation, production of recombinant
proteins

Isochrysis galbana  Fatty acids for animal nutrition

Nannochloropsis  Lipids and fatty acids for animal nutrition; extracts for

oculata cosmetics

Porphyra spp. Biomass for feed, food; extracts for cosmetics

Porphyridium spp.  Polysaccharides for nutrition, pharmaceuticals, and
cosmetics, phycocyanin and phycoerythrin for
pharmaceuticals, cosmetics and food

Phaeodactylum Lipids and fatty acids for nutrition

tricornutum

Ref. [104].

Bioactivities

Antioxidant properties

The body uses several different types of antioxidants to
fight the damage caused by free radicals. The body produces
reactive oxygen species (ROS) in normal metabolism [105].
ROS reacts with molecules in living cells, such as lipids, sugars,
amino acids, and nucleotides [106].

The antioxidant system in the body is composed of
endogenous and non-enzymatic  antioxidants. The
endogenous antioxidants include superoxide dismutase,
catalase and glutathione peroxidase, which protect cells from
damage caused by free radicals. Non-enzymatic antioxidants
such as vitamin C, a-tocopherol and selenium. Inorganic
compounds may react with oxygen to form toxic free radicals.
Antioxidants can reduce this reaction [107] and prevent
damage to cells and tissues [105]. The balance between
antioxidants and oxidants is vital to maintain good health.
Antioxidants are compounds that prevent oxidation in the
body, while oxidants are compounds that produce free
radicals. The increased production of oxidants can lead to
many health issues such as cancer, neurodegenerative
diseases, autoimmune conditions, cardiovascular disease,
hypertension diabetes mellitus, inflammatory disease and
aging [108,94,109,110].

The consumption of seaweed generally increases the
activity of endogenous antioxidant enzymes such as
superoxide dismutase, glutathione peroxidise and sometimes
catalase [111,112,123].

Sulphated polysaccharides from algae have the potential
to be used as antioxidants. Fucoidan, in particular, has been
shown to have potent antioxidant activity [113]. A study
published in 2013 has shown that SP from Porphyra haitanensis

has antioxidant activity in vivo. Another study done in 2000
showed that Fucoidan from Fucus vesiculosus prevented the
formation of superoxide radicals, hydroxyl radicals, and lipid
peroxidation [114,115]. There has been some evidence that
SP from Porphyra haitanensis has antioxidant activity in mice
[114]. Fucosecan from Fucus vesiculosus decreased the
formation of superoxide radicals, hydroxyl radicals and lipid
peroxidation [115]. Hipochlorous acid is a powerful oxidant
that contributes to the microbial killing which leads to the
injury of host tissue and triggers severe inflammation
disorders [116].

Furthermore, in an in vivo experiment on diabetic mice,
fucoidans from this species prevented the increase of lipid
peroxidation in serum, liver and spleen [117]. These results on
fucoidans indicate their potential for preventing free radical-
mediated diseases [118].

Algae are aquatic organisms that are part of the plant
kingdom. Marine brown algae are known to contain
polyphenols, also called phenolic compounds, which can help
prevent cancer and age-related disorders. The phloroglucinol-
based polyphenols in marine brown algae are phlorotannins
[119].

In recent years, researchers have been studying the
antioxidant properties of protein hydrolysates and peptides.
In one study, an alkali-soluble protease enzyme extract from
edible brown seaweeds was shown to have antioxidative
effects. These included Ecklonia cava, Scytosiphon lomentari,
Ishige okamurae, Sargassum fullvelum, Sargasum horneri and
Sargassum thunbergii. The extract of E. cava was able to
scavenge DPPH free radicals more effectively than the extract
of S. lomentaria in one study [120]. Another study found that
the enzyme extract of S. lomentaria showed stronger lipid
peroxidation inhibition in linoleic acid than the extracts of E.
cava and P. vulgaris [121].

A recent study [122] used the coastal diatom Skeletonema
marinoi to investigate the modulation of lipophilic antioxidant
compounds and the hydrophilic vitamin C by light
manipulation. The study was done in order to examine the
effects of light on carotenoid production and lipid
peroxidation. The results showed that certain carotenoids
were able to act as antioxidants by preventing the creation of
radicals. In addition, they found a link between the carotenoid
operating photoprotection and the antioxidant molecules
and activity modulation. This study confirms the role of light
manipulation as a powerful tool for manipulating antioxidant
compounds in microalgae [122].

By the 20th century, scientists began to research
carotenoids, which are a major component of microalgae.
These compounds are known for their bioactivity and human
wellness benefits as well as their versatility. Scientists have
been able to enhance carotenoids through light modulation
in microalgae [123,124].

Dunaliella salina is a chlorophyte that is used mostly for
biotechnological investigations and applications, mainly
relying on the production of B-carotene. This carotenoid has
been used as a model to study the modulation of carotenoids
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with respect to light intensity and wavelength [125,126]. In
this study, the researchers use monochromatic red light to
examine how it affects carotenoids. They found that red light
increased the concentration of -carotene in tomatoes and
also changed the ratio of different forms of B-carotene to
9-cis [B-carotene. This study confirms the role of light in
carotenoid production in microalgae. It shows that the
modulation of light is important for biotechnological
production of these bioactive compounds. Enhancing
carotenoid production in algae can be done by genetic
engineering and biomanipulation. To reach this goal, it is
necessary to increase the knowledge about the biosynthetic
pathways of these compounds as well as the modulation
factors affecting gene expression involved. Two brown algae,
Saccharina japonica and Cladosiphon okamuranus, were
investigated thanks to the analysis of Genome-Scale
Metabolic Networks (GSMNs) [127]. The authors of the study
were able to reconstruct the biosynthetic pathways of the
main carotenoids in these two algae, highlighting how
interesting and scientifically rich such an approach is for
studying targeted biochemical pathways.

Chlorophyll molecules are found in most plants and
algae. In addition to their well-known role in photosynthesis,
chlorophylls function as antioxidants. Their structure is similar
to that of hemoglobin. Therefore, chlorophylls can be used
for the oxygenation of blood substitutes [128].

Chlorophyll molecules are found in most plants and
algae. These molecules also function as antioxidants, due to
their similar structure to hemoglobins. Chlorophylls can be
used for the oxygenation of blood substitutes. The study by
Maroneze and collaborators [128] reported that the presence
of light influenced the chlorophyll and carotenoid content of
Scenedesmus obliquus. It was also found that the increase in
sunlight led to an increase in chlorophyll (Chl) levels, while it
decreased when there was no sunlight. The authors showed
that the concentrations and chemical forms of compounds
vary with different conditions. This lays the foundation for
large-scale production of these compounds, which are useful
to industry.

Fucoxanthin, a carotenoid present in brown algae, has
been tested for its potential health benefits. Fucoxanthin, a
carotenoid compound, might be extracted from numerous
classes of microalgae. The anti-inflammatory, antioxidant,
and antiproliferative effects of fucoxanthin were investigated
on blood mononuclear cells and different cell lines. The study
showed that the clearly displayed the antiproliferative and
antioxidant activities of fucoxanthin in vitro, highlighting the
great interest in its potential use in nutraceuticals [129].

Anticancer activity

Marine flora is made up of brown, blue, green, blue-
green, and red algae. Of these, brown algae were the most
common source of secondary metabolites with multiple
biological activities. Phytoplankton are important constituents
in the marine food chain [130,131]. The use of marine
organisms as a source for new drugs has been attracting
enormous attention. Few molecules from marine organisms

are used today in the field of medicine, but they have great
potential to provide new medicines with diverse biological
efficacies. Biomolecules are molecules that are active against
lung cancer. They can be derived from algae such as
microalgae, macroalgae and cyanobacteria [132].

Marine macroalgae, also known as seaweeds, are the
most common plants in the marine ecosystems. They account
for 90% of all marine plants and 50% of the earth’s
photosynthesis [133]. Seaweeds have been used in traditional
Chinese medicine for more than 2000 years [134]. As more
scientists have examined seaweeds, their health benefits have
been discovered. Seaweeds can fight numerous diseases such
as gall stones, stomach ailments, eczema, cancer, renal
disorders, scabies, psoriasis, asthma and ulcers. The
pharmaceutical potential of those molecules was amply
investigated for drug discovery. As a result of these findings,
several high-value compounds were identified. Carotenoid,
polysaccharides, fatty acids, glycoproteins, haloforms,
halogenated alkanes and alkenes were found. Alcohols,
aldehydes, hydroquinones and ketones were also discovered.
Phlorotannins, pigments, lectins, alkaloids, terpenoids, sterols,
and some heterocyclic and phenolic compounds. Many of
these HVC are in clinical or preclinical trials.

Microalgae are autotrophic microorganisms that consume
CO,, light, and inorganic nutrients to produce biomass.
Microalgae have been used for centuries as a food source;
however, the discovery of their health benefits has created
more opportunities for this group of organisms in the medical
field. In addition, microalgae can produce HVC such as
polysaccharides, PUFAs, carotenoids (lutein, zeaxanthin and
astaxanthin), and vitamins with very high nutraceutical and
pharmaceutical potentials [135]. A type of marine green
microalgae called Tetraselmis suecica is a good source of
polyunsaturated fatty acids (PUFAs). The amount of PUFAs in
this microalga is 74 grams per kilogram of algae harvested
[136]. In a 2009 study, researchers tested the antioxidant and
cell repair properties of an extract from the root of “Euphorbia
hirta” in A549 lung adenocarcinoma cells. The extract showed
strong antioxidant and cell repair activity. A study
demonstrated that a heterogeneous mixture of microalgae
was able to inhibit the colony forming ability of A549 and
H460 lung cancer cells at a dose of 5 pg pL-1 [137]. In
addition, Chlorella vulgaris extract inhibited the proliferation
of H1299, A549, and H1437 lung cancer cells by 50% [138]. By
using different polarities of solvents, the extraction will be
able to dissolve and extract more biomolecules that are
selectively active against specific types of cancer cells.

H. musciformis, P. gymnospora, and D. dichotoma were
shown to be selectively active against NCI-H292 cells (human
lung mucoepidermoid carcinoma) in ethanolic extracts at 22.0
+ 3.5 uyg mL-1. The dichloromethane extract, chloroform and
methanolic extracts of D. dichotoma were active against HEp-
2 (human larynx epidermoid carcinoma) cells [139].

Blue green algae, which are members of the cyanophyta,
have many different ways of producing cyclic nitrogenous
compounds. These compounds have a variety of biological
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activities. Lyngbya majuscula produces molecules such as
obyanamide, hectochlorin, lyngbyastatin 3, and apratoxin
with proven cytotoxic activities [132]. Some cyanobacteria
species also produce compounds like cryptophycin, which
has an analog that is effective against cancer (Hela cells) [140].
Deniz et al. (2016) has emphasized the use of phycocyanins
from Spirulina platensis against A549 lung cancer cell line
with an IC50 value of 29.41 ug mL-1 after 24 h of incubation
[141,142].

The likelihood of developing cancer increases as a person
gets older. Only a small portion of cancers are hereditary [143].

Seaweed consumption has been associated with a lower
risk of rectal cancer [144] and neoplasis cancer risk [145,146];
as well as human breast cancers [147] with suppressive effects
on the development of benign and cancer neoplasis [148].

The presence of free radicals in the body can induce
cancer cells to form, making oxidative damage an important
contributor in cancer formation. Thus, compounds that have
radical scavenging activity, such as NP [149], SP [150] and
phlorotannins [151], may be used to reduce cancer formation.
Phlorotannins from E. cava demonstrated cytotoxic effects on
human cancer cells including HT1080 (fibrosarcoma), AS49
(lung cancer) and HT-29 (human colon adenocarcinoma).
However, they were less cytotoxic to normal lung fibroblasts
[120]. In a study by Kong, C.S. et al. 2009, dioxinodehydroeckol,
a derivative of phlorotannin from E. cava, was found to reduce
the growth of human breast cancer cells (MCF-7) through
induction of apoptosis [152].

Fucoidans have been shown to suppress the growth of
cancer cells by inhibiting their proliferation, stimulating
apoptosis of tumour cells, preventing metastasis and
enhancing immune responses [153,154].

The anti-proliferative activity of Cladosiphon okamuranus
fucoidans was observed in U 937 cell line. This was caused by
inducing apoptosis via caspase-3 and 7 activation dependent
pathways [155]. A study was conducted on the peripheral
blood mononuclear cells of adult T-cell leukaemia patients
and human T-cell leukaemia virus (HTLV) type 1-infected
T-cell lines. The growth of both was inhibited, but the normal
peripheral blood mononuclear cells were not. Apoptosis of
HTLV-1 infected T cell was achieved by down regulation of
cellular inhibitor of apoptosis protein 2 [156].

Furthermore, MDA-MB-231 breast carcinoma cells
adhered less to platelets when treated with fucoidans from L.
saccharina, L. digitata, Fucus serratus, Fucus distichus and
Fucua vesiculosus. This might have critical implications in
tumor [118]. Fucoidan from Fucus evanescens was also shown
to have antimetastatic activity when 10mg/KG of it was
administrated to C57BI/6 mice with Lewislungadenocarcinoma
[157].
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