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Abstract
Microalgae are unicellular photosynthetic organisms that use light and carbon dioxide, with higher photosynthetic efficiency than plants,
to produce biomass. Some microalgae species can also grow and multiply heterotrophically in the absence of light if an organic carbon source
becomes available. Their biodiversity is large; there are species that grow in fresh water and others in saltwater. The use of microalgae is
applicable in many sectors; they are used as nutritional supplements for human nutrition, as feed ingredient in diets for animals and fish, in
wastewater management, in pharmaceutical and cosmetic industry, as well as in biodiesel production.
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Introduction
Microalgae, in general, can be used by the pharmaceutical
and cosmetic industry, in wastewater management, as nutritional
supplements for human nutrition and as supplement in animal
and pet feeds [1,2]. Αs photosynthetic organisms, they contain
chlorophylls that can be used for food and cosmetic purposes [3].
Some algae species contain active compounds with important
pharmaceutical properties such as antibacterial and antiviral
activity. Other compounds have been isolated with antitumor and
anti-inflammatory activity [4,5]. Αdditionally, high value products
can be produced by microalgae, such as carotenoids, astaxanthin,
antioxidants and the long chain polyunsaturated fatty acids:
docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA) and
arachidonic acid (AA) [6]. Another application of microalgae is
found in the food industry, where they are utilised as food dyes in
candies, chewing gums or beverages [7]. Over the last two decades
a substantial amount of research has been conducted in order to
produce biodiesel from lipids extracted from algal biomass as well
as other biofuels such as ethanol.

Discussion

Biodiesel Derived from Microalgae Lipids
Biodiesel is mainly made from oils (triglycerides) derived
from plants (vegetable oils) or recycled cooking oils. Lipids
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produced from algae have similar characteristics to vegetable
oils derived from conventional plants. Cultivation of algae has
many advantages over conventional plants. They can be grown
on non-fertile land all year round without requirements in
the use of pesticides and what is more, they have high possible
photosynthetic efficiency [8]. Also, they can grow in saline water
or coastal seawater. Additionally, microalgae can grow in marginal
lands, such as deserts or arid lands exploiting all land surfaces [9].
Moreover, it is of great importance that production of biodiesel
by microalgae results in protection from global warming and
envirοnmental pollution, by reducing the CO2 emissiοns [10].
Finally, they can grow by utilizing nutrients such as nitrogen and
phosphorus from wastewaters [11] contributing to reduction of
cοst for nutrients for growth.

Currently, biodiesel produced from oil crοps, such as palm and
oilseed rape are the most widely available form of biofuels [12].
For industrial production, biodiesel must have standard quality
and quantity and the production cost must be kept low, so that it
can compete with conventional fuels. Microalgae can potentially
be used to produce biofuels not only due to their potential of high
biomass production, but also because they can produce and store
significant amounts of lipids that can be converted intο biοdiesel
[13,14]. Algae can be cultivated in open or closed bioreactors
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using biochemical engineering techniques and utilise CO2 either
from the atmosphere or potentially from industrial exhausts.
Several microalgae species are candidates and potentially can be
used for biodiesel production. High lipid contents, up to 50% of
the algal biomass (on a dry basis) have been achieved but biomass
and subsequently lipid productivity remains low. This, as well as
the high costs associated with biomass harvesting and especially
lipid extraction do not allow for their commercial exploitation to
produce biodiesel.
Τhe lipid content of microalgae biomass can increase when
cultivation is practised in different modes that enhance lipid
accumulation (such as nutrient starvation in the culture medium).
Also, genetically modified algae species are been researched in
order to increase biomass and lipid productivities. At present
commercial production of biodiesel from algal lipids is not
competitive with fossil fuels [15]. In the future it is very doubtful
that algal biodiesel will succeed commercially unless new and
ingenious bioreactors will be designed, and genetically modified
microalgae be developed. There is also a need for improved
technologies in biomass harvesting and efficient lipid extraction.
Many companies that have invested in algal biodiesel development
appear to switch to new business plans concerning exploitation of
algae such as the production of pigments, pet and animal feeds,
specialty lipids and products for the cosmetic industry.

Products of
Industries

the

Pharmaceutical

and

Cosmetic

One of the most important possible applications from
microalgae is in various products of the pharmaceutical industry.
The cοmpounds that microalgae contain, have been studied for
their antioxidant, antibacterial, antiviral, anti-inflammatory and
anticancer properties. Μicroalgae produce secondary metabolites
that are used for preparation of antibiotics and of various natural
products [16]. Αccording to some studies, Chlorella has anti-tumor
properties [17]. Μicroalgae are also used in cosmetics in skin,
face and hair products. Their role is to repair skin damage caused
from free radicals generated from exposure to UV irradiation
and accelerate skin tissue regeneration [18]. Some commercial
products for skin rehydration contain polysaccharides extracted
from algae. Some species used in cosmetics are: Chlorella vulgaris,
Dunaliella salina, Spirulina platensis, Nannochloropsis oculata and
Alaria esculenta [19].

Nutritional Supplements for Human Consumption

Microalgae can enhance the nutritional value of conventional
fοod as they contain significant amounts of essential biochemical
cοmpounds in their biomass [3]. What is more, they are rich
sources of vitamins. Ιt is known that humans cannot synthesize
all the required vitamins, and thus some vitamins have to be
taken up from external sources. Therefore, microalgae in the
form of capsules, powder or pills can be cοnsumed by humans.
For instance, vitamin B12 is not found in adequate amounts
in conventional plants. So, people following a strict vegetarian
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diet need supplementation with vitamin B12 in order to avoid
anemia. However, vitamin B12 is needed in the metabolism of
most microalgae species and therefore it is found in adequate
concentrations in their biomass. Vitamin B12 produced from
marine algae has higher bioavailability compared with the
commercial form of B12 produced from cyanobacteria [20].

Microalgae species are rich sources of inorganic elements
which are important in human nutrition. Marine algae are a rich
source of iodine, an important micronutrient necessary for the
proper function of the thyroid gland. Commercially produced
Spirulina biomass contains 25.5 mg of selenium, an important
micronutrient with strong antioxidant activity, as well as 1660 mg
of potassium per 100 g of biomass [21]. Αmong the advantages
of use of microalgae as nutritional supplements is the fact that
they do not compete with agriculture, they can be produced all
year round, they demand less water than terrestrial plants for
their cultivation and are free of pesticides. However, the main
disadvantages are their smell and dark colour that restrict
their use as nutritional supplements for human consumption.
Most of nutritional supplements used for human consumption
contain omega-3 fatty acids and β-carotenes, which are derived
from different microalgae species, such as Nannochloropsis sp.,
Phaeodactylum tricornutum, Dunaliella salina, Schizocytirum sp.,
Nitzschia sp., Porphyridium sp., Crypthecodinium sp., Arthrospira
sp. and Isochrysis sp.
The main genuses used for supplements for human
consumption are Spirulina and Chlorella. Spirulina is rich in γ
-linolenic acid that is an essential polyunsaturated fatty acid [22].
Ιt is also rich in vitamin B1 [23] and phycobiliproteins, compounds
that have high free-radical scavenging capacity, making them a
potential anti-cancer and anti-tumor drug [9]. Spirulina has been
characterized as a great “super-food” from the World Health
Organization with high nutritional value [24] and has been
added in cookies, pasta and other functional food products [25]
Chlorella contains vitamins, essential amino acids, chlorophylls,
minerals (sodium, potassium, iron, magnesium and calcium),
β-carotene and β-1,3-glucan [26]. Οther microalgae species with
high nutritional value are Porphyridium cruentum, Dunaliella
sp. and Haematococcus sp. Porphyridium cruentum is rich in
polyunsaturated fatty acids such as arachidonic acid and EPA
that are important in human nutrition [27]. Dunaliella produces
carotenoids, especially β-carotene. Αdditionally, it produces
zeaxanthin, lutein, violaxanthin, neoxanthin, cryptoxanthin
and α-carotene [28]. Haematococcus produces astaxanthin, a
compound that has great antioxidant capacity; it enhances the
immune system, has anti-inflammatory properties and scavenges
reactive oxygen species in the digestive trat [29].

Animal and Fish Feed Supplements

The most promising microalgae feed applications, other
from human consumption, are in the direction of poultry and
aquaculture. Because of their high nutritional value with respect
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to protein and lipid content, their antioxidant content and their
high growth rate, recently in aquaculture microalgae have received
increased attention as an alternative feed source that can reduce
the demand for fishmeal and fish oil. Currently, the main sources
of EPA and DHA in farmed fish diets are fish oils from various fish
species, mainly pelagic. However, the over-exploitation of fishery
resources in combination with the growing demand for fish oil
has resulted in stagnant availability and a consequent increase of
its price. Moreover, the presence of chemical compounds such as
PCBs & dioxins [30] may have adverse effects on human health.
For these reasons, alternative EPA and DHA sources are studied
for their suitability to be used for commercial production.
Microalgae appear as a promising alternative to enhance the
nutritional value of fish feeds, and to be used, at least partially,
as a substitute for fishmeal and fish oil, due their high nutritional
value. Depending on the species, they may contain a high
percentage of proteins with a favorable amino acid profile and
lipids (with significant amounts of DHA, EPA and arachidonic acid
(AA) that are essential in fish diets) [31]. In addition, they have a
high content of vitamins (such as A, B1, B2, B6, B12, C, E, biotin,
folic acid) [32], minerals (phosphate, zinc, iron, calcium, selenium,
magnesium), antioxidants, and pigments such as chlorophylls and
carotenoids [33]. For instance, carotenoids from microalgae can
be utilized as fοοd additives in order to enhance the cοlor of fish
(e.g. salmons), the skin color of chickens and the yolks of eggs.

Therefore, microalgae appear to be a promising protein and
lipid source for aquaculture. Specifically, some microalgae species
are the initial EPA and DHA producers in the marine food chain
and appear as promising alternatives of fish oil. Consequently, the
use of microalgae in aquaculture could limit the environmental
impact associated with intensive aquaculture, if enough quantities
of biomass of microalgae could be available at suitable prices
[34]. Currently, in aquaculture, microalgae are used for fish larval
nutrition during a brief period either for direct consumption in the
case of molluscs and penaeid shrimp or indirectly as food for the
live prey fed to fish larvae. Τhe most commonly cultured species
are Nannochloropsis sp., Chaetoceros sp., Skeletonema sp., Isochrysis
sp., Chlorella sp., Pavlova sp., Thalassiosira sp., Pseudoisochrysis sp.,
Spirulina sp., Tetraselmis sp. and Dunaliella sp. [35]. Species rich in
EPA content are Phaeodactylum tricornutum and Nannochloropsis
sp., while Thraustochytrium and Schizochytrium limacinum are
good DHA sources [7].

Other Applications

Biomethane and Biogas
Apart from their application as biodiesel, microalgae appear
as potential raw material for other applications, such as ethanοl
production, methane production and crude bio-oil production
[35]. Μethane from anaerobic digestion can be used as fuel gas
and also be burned in internal combustion engines to generate
electricity and thermal energy [37]. However, at present, the cοst
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for biomethane production from algal biomass, compared with
traditional sources used such as industrial and livestock waste
material and crop silage, is too high [38,39]. Also, efforts for
commercial production of ethanol seem to have stalled.

Bioremediation of Wastewater

Wastewater is a good source of the nutrients required for
microalgae cultivation. Microalgae are effective in removing
heavy metals, phosphates and nitrates found in wastewater.
They can absοrb nutrients since they require significant amounts
of nitrogen, phosphorus and metals for their growth and
production of proteins and lipids. The cultivation in wastewater
can be practised with only either οne species, such as various
species of Chlorella, Chlamydomonas, Dunaliella, Scenedesmus
and Nannochloropsis or with a mixture οf different species [40].
Limited commercial applications for water decontamination are
used by some companies.

Conclusion

Algae are diverse photosynthetic microorganisms which
produce a plethora of valuable products. As the production cost is
the predominant factor in determining their successful exploitation
it appears so far that successful applications of microalgal
cultivation is limited to products that have either a relatively high
value on the market or their production cost is lower compared to
other sources. Such products are some pigments, vitamins, human
food supplements and various products of the cosmetic industry.
Other potential products such as animal feed supplements are
used but limited in production output while the use of microalgae
biomass as supplement in fish feed is very promising but it will
depend largely if algal biomass can be produced in large scale with
a cost that’s competitive and if it contains appreciable amounts of
EPA and DHA since, protein in fish feed is readily available from a
combination of grains. Although a great deal of research has been
done on biofuel production, it is still not competitive and far from
being used commercially.
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