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Abstract-In the last few decades, aquaculture is a fast growing
sector. Increasing requirements for protein and high cost of
fishmeal, has ledto usenew alternatives as animal and plant
source of additives in aquaculture. In aquaculture industry,
fishmeal is the first preferred protein source of nutrition.
Decreasing fishmeal supply, contributing to the variable cost,
threaten the sustainability and growth of the aquculture
industry. Microalgal biomass has gained importance and its
use is extending in several areas such as bioremediation,
aquaculture, nutraceutical research, renewable energy and
biomolecule sources. In recent decades, microalgae are used as
alternative protein ingredient replacing fishmeal. Microalgae
have a good profile of nutrient composition and have gained
popularity due to their appropriate size, high growth rate,
resistance to diseases and antioxidant activity. Microalgae used
frequently in feeding are Scenedesmus, Chlorella, Pavlova,
Tetraselmis and Chaetocerossp. In the present study, the
importance of microalgae for aquculture was compiled to take
more attention due to the species that are valuable additive in
feeding as an alternative nutrition source.
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I. INTRODUCTION

Microalgae are at the first step of the aquatic food chain
and play a vital role that are used in rearing of aquatic
organisms like shrimps, fishes and mollusks [1]. Microalgae
are required diversely in aquaculture for applications in
directly or indirectly consumption as prepared feed. The
importance of microalgae as a feed supplement in aquaculture
is increasing due to their nutritional value, appropriate size,
antioxidant activity, high growth rate and resistantance to
diseases. The nutitional value of these species is according to
their size, digestibility, shape and biochemical composition

[2].

Microalgae are either prokaryotic or eukaryotic
microscopic organisms typically found in freshwater and
marine systems growing through photosynthesis. The cell
structure of microalgae is simple and their growth requires
light, carbon dioxide, water, and nutrients. Photosynthetically,
microalgae can convert those necessities into energy and use it
in cell development [3]. They are unicellular species which
exist individually, in chains or groups. Their sizes can range
from a few micrometers (um) to a few hundreds of
micrometers. Unlike higher plants, microalgae do not have
roots, stems or leaves. Microalgae, are important for life on
earth due to the capable of performing photosynthesis. They
produce approximately half of the atmospheric oxygen and use
simultaneously the greenhouse gas carbon dioxide to grow
photoautotrophically.

Microalgae species adapted for growing conditions in all
types of waters (salty, brackish, fresh) and temperatures
(ranging from polar to tropical and even extremely hot
conditions). They are also adapted to diverse light intensities
(surface waters, symbiosis inside animals and deep waters),
and are able to survive at pH ranges from 0 to over 11.
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Microalgae have a great importance to use for food,
production of bioactive compounds, as biofilters to remove
pollutants and nutrients from water, in pharmaceutical and
cosmetic industry [4]. Also they are a good source for biofuel
production due to their high oil content and biomass
production [5].

Microalgae can be used to produce a wide range of
metabolites such as proteins, lipids, carbohydrates, carotenoids
or vitamins. The first use of microalgae by humans dates back
2000 years to the Chinese, who used Nostoc to survive during
famine. Microalgal technology began to develop in the middle
of the last century. In recent years, there have been numerous
commercial applications of microalgae such as to enhance the
nutritional value of food and animal feed due to their chemical
composition[6].

Microalgae have three fundamental attributes that can be
converted into technical and commercial advantages. They are
genetically diverse group of organisms with a wide range of
physiological and biochemical characteristics so they naturally
produce many different fats, sugars, bioactive compounds.
They comprise a large, unexplored group of organisms, so that
they provide a virtually untapped source of products. In recent
years, microalgae apart from being used as single-cell proteins,
they are projected as living-cell factories for the production of
bio-fuels and various beneficial biochemicals used in food,
aquaculture, poultry and pharmaceutical industries due to
presence of different beneficial bioactive compounds [7].

II. NUTRITIONAL VALUE OF MICROALGAE

The chemical composition of microalgae give us the basic
information about the nutritive potential of algal biomass. The
nutritional value of a microalgae is related to its ability to
supply essential macro and micronutrients to the diets.
Microalgae contain humerous bioactive compounds that can be
utilized for commercial use. Theyhave been used succesfully
to produce high concentration of valuable compounds such as
carbonhydrates, lipids, proteins and other pigments [8].

Factors contribute to the nutritional value of microalgae
species due to their size and shape, digestibility as related to
cell wall structure, biochemical composition and requirements
of the diet [9].

Studies indicated that microalgae contain 30-40 % protein,
10-20 % lipid and 5-15 % carbonhydrates [10]. In cultured
phase of microalgae the proximate composition of the species
may significantly change [11]. Microalgae provide many
nutrients including PUFAs (EPA, arachidonic acid and DHA)
which are essential for marine animals diets and for growtth of
many larvae [12; 7].

Carbohydrates play an important role in digestibility of the
total algal biomass [13].Carbohydrates of algae are found in
the form of starch, cellulose, sugars and other polysaccharides.
Twelve species of microalgae of Bacillariophyceae and
Chlorophyceae contain carbohydrate [14].Lewin (1956)
reported that Chlamydomonas spp. for extracellular
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polysaccharide production [15]. The most useful species is C.
mexicana yields up to 25 % of its total production of as
polysaccharides [16]. Ramus (1972) indicated the production
of polysaccharides from green and blue-green algae and
unicellular red algae Porphyridium cruemtum and P.
aerugineum[17].Some  microalgae commonly used in
aquaculture arePyramimonas virginica, Pseudoisochrysis
paradoxa, C. vulgaris, P. lutheri and Isochrysis galbana and
their major glucose constituent are mannose, ribose/xylose,
rhamnose and fucose accounted for 28-86 % of the total
carbohydrates[18].

Fatty acid compositions of microalgae were first studied
in the 1940s [19]. More than 100 microalgae species have been
analyzed for fatty acid composition. These fatty acids are
essential components of the diets and are becoming important
feed additives in aquaculture [1]. Algal lipids are found in the
form of glycerol, sugars or bases, esterified to fatty acids may
be saturated or unsaturated. Triglycerides are the common
form of lipids of 80 % in Cyanobacteria [20].

The major cellular lipids of blue green algae include
monogalactosyldiglyceride, digalactosyldiglyceride  and
sulfoquinovosyldiglyceride [21]. Kenyon (1972) reported the
fatty acid profile of unicellular blue green algae belonging to
the genera Synechococcus, Aphanocapsa, Gloeocapsa,
Microcystis and Chlorogloea [22]. Volkman et al. (1989)
reported PUFA (EPA) in four genera of diatomes. Chaetoceros
calcitrans, Chaetoceros gracilis, Skeletonema costatum and
Thalassiosira pseudonana (4-11 % of the total fatty acids), the
cryptomonad Chroomonas salina (11, 12 %) and the
prymnesiophyte P. lutheri (20 %) [23]. Othermajor algal lipids
are lecithin, phosphatidyle glycerol and inositol. Lipids are
highly significant at various growth stages of many
aquaculture animals including marine fish larvae, bivalves,
mollusks etc. Choi et al. (1987) reported complete lipid profile
of Scenedesmus obliquus with 12 % total lipid and neutral
lipid, glycolipid and phospholipid fractions at 7, 2.45 and 1.48
% level on dry weight [24].

The quality of proteins can vary depending on digestibility
and the availability of essential aminoacids[25]. Animal
sources protein are usually considered as complete proteins,
due to theirrich source of essential amino acids which the
human body can not to biosynthesise. Alternatively, plant
proteins are often considered an incomplete protein source as
they generally lack some essential amino acids [26]. Seaweed
and microalgae are considered as an source of protein. Some
species of seaweed and microalgae are known to contain
protein levels similar to those of common protein sources, like
meat, egg, soybean, and milk[27]. High arginine content was
reported inTetraselmis suecica, T. chuii and Pavlova lutheri as
superior in nutritional quality [28]. Spirulina platensis has
nearly similar amino acid profile as egg, better depending on
the culture condition [29].

Microalgae are a good source of variable vitamins. A
number of vitamins are present in higher levels in algae than
other common rich conventional sources [30]. The vitamin
profile of several algae are investigated over the years. For
example, Spirulina platensis, S. maxima, Scenedesmus
obliquus(Becker  1984; Jaleel and Soeder 1978),
Aphanizomenon flos aquae) etc. [29, 31, 32, 33]. Brown et al.
(1999) investigated the vitamin content of some Australian
microalgae like Nannochloropsis, Pavlova, Strichococcus,
Tetraselmis, Chaetoceros, Thalassiosira and Isochrysis sp.
[34]. Concentrations of vitamins typically show a difference
between species [35]. Brown (2002) suggested thatmixed-algal
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diet should provide adequate concentrations of the vitamins for
aquaculture food chain [36].

I1l. THE USE OF MICROALGAE IN AQUACULTURE

It has become essential to search for alternative sources of
feed additives due to the increasing cost of animal
feeds.Microalgae are the natural base of the aquatic food chain.
This has led to their widespread incorporation as an important
food source and feed additive for many aquatic animals,
including molluscs, shrimp, and rotifers[37]. Microalgae also
play an important role in aquaculture, other than as a food
source for zooplanktons to stabilise pH, reduce bacterial
growth, and improve the quality of rearing medium [38].

The use of algae as an additive in aquaculture has received
attention due to the positive effects on weight gain, increased
triglyceride, digestibility and protein deposition in muscle,
improved resistance to disease, decreased nitrogen output to
the environment, increased physiological activity and
starvation tolerance [39]. Microalgae live in complex habitats
with different conditions of salinity, temperature, nutrients,
UV-Vis irradiation. Therefore, they can adapt rapidly to the
extreme environmental conditions to survive with producing
variety of secondary metabolites which cannot be found in
other organisms. Since 1980-1990s, microalgae species have
been used in aquaculture, mainly for the production of larvae,
juvenile shell and finfish and for raising the zooplanktons
required for feding [40].Microalgae species are generallyused
for growth stages of molluscs for the juvenile stages of
abalone, crustaceans, fish and zooplanktonsin food chain [36].

The nutritional value of microalgae can vary significantly
and this may also change under culture conditions.
Combination of different species which includeC. calcitrans,
C. muelleri, P. lutheri, Isochrysis sp.,T. suecica, S. costatum
and Thalassiosira pseudonana provides better balanced
nutrition and improves growth better than a diet composed of
one algae [41].

Protein and vitamin content is the major factor determining
the nutritional value of microalgae, also polyunsaturated fatty
acid composition. Possibility of replacement the fishmeal with
algae has been investigated by several workers [42, 43, 44]. EI-
Hindawy et al. (2006) especially in tropical areas that are
found in abundant amounts [44]. The high protein content of
algae are beneficial for animal feed, including aquaculture,
farm animals, and pets. 30% of global algae production is
estimated to be used for animal feed, with 50% of
Spirulinasp.used as feed supplement due to its excellent
nutritional profile[45].

Microalgae are also used a natural source of pigmentsfor
the culture of fishes and prawns. The species for this usage are
Dunaliella salina, Haematococcus pluvialis and Spirulina sp.
[46]. Chlorella sp. and Spirulina sp. are mostlyused in feeds
where colouration and healthy appearance is the main criteria
[47]. Some valuable products extracted from microalgae are
astaxanthin and lutein produce from Haematococcus
pluvialisand Tetraselmis sp., phycocyanin from Spirulina
platensis, polyunsaturated fatty acids from Chlorella sp. and
Schizochytrium sp., biotin and vitamine E from Euglena
gracilis [48]. Lutein can be converted to the vitamin A to
improve the nutritional value of Artemia. The pigment lutein is
common in green microalgae (generally Tetraselmis sp.). Beta-
carotene used as orange dye and supplement ofvitamin C is a
photosynthetic pigment from Dunaliella salina[49].
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The history of the commercial use of algae about 75 years
with application for wastewater treatment and mass production
of different strains such as Chlorellaand Dunaliella[50]. Bio-
treatment with microalgae is particularly attractive because of
their photosynthetic capabilities, converting solar energy into
useful biomasses and incorporating nutrients suchas nitrogen
and phosphorus [51]. The using of aquaculture systems as
engineered systems in wastewater treatment and recycling has
increased enormously over the past few years, they are
designed to achieve specific wastewater treatment and can
simultaneously solve the environmental and sanitary problems
and may also be economically efficient. Wastewater from fish
farms are enriched with solid particles and dissolved nutrients,
mainly in the form of inorganic nitrogen and phosphorus. The
use of live microalgae to remove excess dissolved nutrients
from aquaculture effluents is an efficient and effective
wastewater treatment method[52]. Algae can be used in
wastewater treatment for a range of purposes, some of which
are used for the removal of coliform bacteria, reduction of both
chemical and biochemical oxygen demand, removal of N
and/or P, and also for the removal of heavy metals [50].

CONCLUSION

The microalgae are cultivated and use for feed, production
of bioactive compounds, as biofilters to remove nutrients and
other pollutants from wastewaters, in cosmetic and
pharmaceutical industry and in aquaculture. Also microalgae
are potentially good sources for biofuel production owing to
their high oil content and rapid biomass production. The main
application of microalgae in aquaculture is connected with
their usage for animal feed. The aquatic habitat and the
appropriate size of microalgae species are consumed directly
by fishes or indirectly zooplanktons. Algal biomass would play
an important role in enhancement of growth performances of
fishes, their resistance to diseases and the skin color.

In conclusion, algae have been reported as a valuable
source of nutrition. More research is needed to investigate the
bioavailability of algal bioactive compounds.
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