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ABSTRACT
Microalgae are autotrophs and are the major producer in aquatic system. Microalgae in order to
survive in the varying conditions they produce metabolites which were found to have potential biological
activity. Microalgae or bio compounds of the microalgae were found to have appreciable biological activities
which enable them to find application as pharmaceutical agent, nutraceutical agent, antioxidant agent,
anticancer agent, antiviral agent etc. Microalgae are considered to be nutritious since they have more
proteins, carbohydrates, lipids, vitamins etc. and some microalgae have been used as food and feed for
animals. Increased lipid content in few prokaryotic and eukaryotic microalgae enable them to find application
in the production of biodiesel. In this review, the various application aspects of microalgae were approached.
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INTRODUCTION
Microalgae are simple, microscopic photosynthetic organisms, and can exist in fresh water as well as
in marine water. They can be a prokaryotic or eukaryotic organism. The most commonly exploited microalgae
are Cyanophyceae (Blue green algae), Bacillariophyceae (diatoms), Chlorophyceae (Green algae),
Chrysophyceae (Brown algae) [1]. They produce a wide range of metabolites such as carbohydrates, lipids,
proteins, pigments, vitamins, minerals etc. These metabolites were found have potential activities such as
antibacterial, antifungal, antiviral, antioxidant, antioxidant, neuro protective activities. Some of the microalgae
have lipid content in excess and are exploited for biodiesel production. Due to the presence of more nutrients
such as protein, carbohydrate and lipid, they are used as food and feed for animals. Microalgae act as a
nutraceutical agents as PUFA, vitamins and minerals are produced by microalgae. In recent decades the
microalgae become interesting biological factories and are cultivated in large scale due to their commercial
applications.
MICROALGAE AS FOOD AND FEED
Microalgae are known to have high protein, carbohydrate, lipids, vitamins, PUFA, carotenoids
contents. Due to their high nutritional value some of the microalgae have been used as food and feed. Large
scale cultivation of microalgae for their use as food and feed has been practiced since ancient time. Some
algae like Chlorella, Spirulina, Nostoc, Aphanizomenon flos-aquae have been consumed as food owing to their
rich nutritional value.
Since ancient times, Spirulina has been harvested and used as food by Mexicans and Africans [2]. In
mexico, Spirulina is used for making Tecuitlatl, a dry cake. In Chad, Dihe, a dry cake made using Spirulina [3].
Nowadays, Spirulina is cultivated in large scale and used as protein supplement in Asian countries suchas
Thailand, Korea, China and Japan. Spirulina is considered as a nutritious food due to its high content of
proteins, α-linolenic acid, vitamins, minerals and pigments. Spirulina is used as a prebiotic food in order to
induce the growth of intestinal microflora [4, 5, 6].
Nostoc, a cyanobacteria has also been used as food by Chinese [7]. Nostoc flagelliforme and Nostoc
sphaeroides are regarded as a healthy food by Chinese. These algae have also find a way used in Chinese
traditional medicine for the treatment of hypertension, hepatitis and diarrhea [3].
Another microalga that is considered as nutritious food is Chlorella. It contain proteins, carotenoids,
vitamins and β-glucan [8]. β glucan acts as an antioxidant and reduces the blood lipid level [9]. Chlorella
vulgaris is consumed as food and used in drink supplements [10, 11, 12]. Most of these microalgae are
produced in the form of pills, capsules and powder.
FEED
Microalgae are also used as feed for fish, farm animals due to their high content of carbohydrates,
lipids, proteins, vitamins, minerals and essential fatty acids. They improve the immunity and fertility of
animals. Most commonly used feeds are Chlorella, Tetraselmis, Pavlovalutheri, Isochrysis,
Pluerochrysiscarterae, Phaeodactylum, Chaetoceros, Nannochloropsis [4, 13, 14, 15, 10].
MICROALGAE AS SOURCE OF PIGMENTS
The photosynthetic organisms are the primary producers which are capable to convert the light
energy into chemical energy with the help of organic pigments. The microalgae contain three major classes of
pigments- cholorophylls, carotenoids and phycobilins. These pigments have been found to have potential
biological activities. Organic pigments isolated from microalgae are reported to be non-toxic and noncarcinogenic [16]. They are used as food colorants in ice creams, chewing gum, soft drinks, alcoholic
beverages, desserts, sweet cake decoration, milk shakes. Since the pigments are degradable and can be
recycled, it can be used as an alternate source of chemical ink used in the printing.

May – June

2015

RJPBCS

6(3)

Page No. 894

ISSN: 0975-8585
Carotenoids
Carotenoids are a group of fat soluble natural pigments, constitute a class of terpenoids, which are
derived from 8 isoprene molecules and contain 40 carbon atoms. Carotenoids are classified into carotenes
(which contain only hydrocarbons) and xanthophylls (oxygenated derivatives of carotenes) [17]. The
xanthophylls pigments commonly produced by microalgae are violaxanthin, antheraxanthin, zeaxanthin,
neoxanthin, lutein, loroxanthin, astaxanthin and canthaxanthin [18].
Diatom produces Diatoxanthin, diadinoxanthin and fucoxanthin [18]. Luetin and zeaxanthin plays a
major role in maintaining normal vision and they occur naturally in retina [19]. These two pigments have the
ability to reduce the risks of cataract, macular degeneration and atherosclerosis [20]. Some of the microalgae
such as Chlorella zofingiensis, Chlorella protothecoides, Chlorella vulgaris, Scenedesmus almeriensis,
Haematococcus pluvialis, Chlorella saccharophila [21] have been identified as major source of zeaxanthin, βcarotene, lutein, zeaxanthin and astaxanthin pigments.
β- Carotene
β-Carotene is an important fat soluble pigments of carotenoids family. β- Carotene acts as a provitamin A and in the human system this precursor gets converted into vitamin A. Dunalina salina is the main
source of β-carotene pigment. β- Carotene exhibit antioxidant property; it scavenges the harmful oxy radical
and reduces the accumulation of free radicals. It inhibits the oxidation of low density lipoprotein and reduces
the cholesterol and high density lipoprotein level [22]. It was noted that it delays the development of
atherosclerosis [23].
Astaxanthin
Astaxanthin acts as antioxidant, photoprotectant and has ability to reduce the age related visual
impairment and blindness such as AMD (age related macular degeneration) and cataracts. Astaxanthin acts as
protective agent against oxidation of essential polyunsaturated fatty acids, UV light effects, cancer and
immune response. It modulates the humoral and non-humoral immune response. It acts as an inhibitor of
colon cancer cell line by decreasing the expression of Cyclin D1 and increase the expression of p53 [24]. Major
microalgae sources of astaxanthin are Haematococcus pluvialis and C.zofingiensis [25].
Phycobilin
Phycobilin is water soluble pigment found in cyanobacteria. Three major types of phycobilin are
phycocyanin, allophycocyanin and phycoerythrin. Spirulina and Porphyridium are considered to be the major
sources of the phycobilin. Phycobilin pigments are used as food colorant and are used in chewing gum, ices
creams, posicles, candies, soft drinks and dairy products [26]. They can also be used as fluorescent biomarkers
in biotechnological diagnostic tools. Phycoerythrin is a red coloured pigment. The major source of
phycoerythrin is Porphyridium cruentum. Phycocyanin is a blue coloured pigment derived from blue green
algae with the major source being Spirulina plantensis. Phycocyanin is a potential pharmaceutical applicant
due to the antioxidant property [27].
MICROALGAE AS A SOURCE OF PHARMACEUTICAL COMPOUNDs
Microalgae produce metabolites in order to survive in varying condition of salinity, temperature,
pressure etc. These metabolites are usually secondary metabolites, which can be a carbohydrate, proteins,
enzymes, pigments, antibiotics and some were found to be toxic compounds. These metabolites were found to
have pharmaceutical property such as antiviral, antimicrobial, antifungal, neuroprotective products,
therapeutical compounds etc.
Toxic metabolites
Some of the cyanobacteria and dinoflagellates produce toxic metabolites and cause harmful algal
blooms in aquatic environment. These toxins can cause serious hazards to other organisms including higher
organisms like human, cattle etc. Phycotoxin, a toxic metabolite of few microalgae, Cyanobacteria and
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Dinoflagellate, causes neurotoxicity, cytotoxicity, hepatoxicity and dermal toxicity [28] on humans and animals.
Some fresh water microalgae like Microcystis, Anbaena, Oscillatoria and Nostoc are regarded as a common
producers of toxins like microcystins, homo and anatoxin, saxitoxins. Some Dinoflagellates such as
Alexandrium, Dinophysis, Karenia and Gymnodinium species produce toxins which cause shellfish poisoning
[3].
These toxic metabolites are found to have potential biological activities like anticancer, antibacterial,
antibiotic and can be exploited as a promising drug compound. The phycotoxin has shown to have anticancer,
antifungal activity [29]. Okadaic acid, a neurotoxin derived from Dinophysis, is used in the treatment of
cognitive impairment and schizophrenia [30]. Spirulina is used to treat health problems such as diabetes,
arthritis, anaemia, cardiovascular disease and cancer [31]. Spirulina platensis, Spirulina maxima are known to
produce compounds that have neuroprotective activity. Chlorella contains β -glucan which acts as an
immunostimulator and reduce the blood lipids level [9].
Anticancer agent
Pectentoxins produced by Dinophysis has anticancer activity on cancer cell lines [32]. Macrolide
amphidinolides [33] of Amphidinium and curacin A [34] of Lyngbyamajuscule have been proved for its
anticancer activity. Cryptophycin, a compound isolated from Blue green algae, Nostoc [35] is reported to have
anticancer activity. Saxitoxin and brevetoxins, polyketide neurotoxins of dinoflagellates are found to have
anticancer property. Scytophycins of Scytonema pseudohofmanni is found to have anticancer activity [36].
Scytonemin of Stigonema inhibits the enzyme protein serine/ threonine, can be used as an antiproliferative
and anti-inflammatory agent [37](Stevenson et al., 2002).
Exopolysaccharides
Exopolysaccharides of few microalgae were identified to have potential biological activity. They act as
antioxidants, antiviral, anticancer, anti-inflammatory agents, etc. In vitro studies using extracts of some of the
microalgae, Spirulina plantesis, Spirulina maxima [38, 39, 40, 41], Porphyridium sp. [42, 43], P. cruentum [44,
45], P. purpureum [38](Radonic et al., 2010), R. reticulate [43] have been found to have antiviral activity.
Exopolysaccharide of Rhodella reticulate [46] have shown antioxidant activity. Exopolysaccharide of
Porphyridium, Chlorella stigmatophora and Phaeodactylum tricornutum has shown anti-inflammatory activity
[47, 48, 49].
MICROALGAE AS SOURCE OF NUTRACEUTICAL AGENT
Some food which acts as pharmaceutical and nutritional agent falls under nutraceutical compound.
Some of the nutraceutical agent are omega 3 polyunsaturated fatty acids (PUFA), carotenoids like astaxanthin,
β -carotene. Eicosapentaenoic Acid (EPA) and decosahexaenoic acid (DHA) are associated with prevention and
treatment of several diseases such as atherosclerosis, thrombosis, arthritis, cancers etc.
Polyunsaturated fatty acids
Fatty acids are long chain hydrocarbons with carboxylic group [50](Rubio-Rodriguez, 2010). On the
basis of hydrocarbon, Fatty acids are classified into saturated and unsaturated fatty acids. Polyunsaturated
fatty acids are long chain unsaturated fatty acids. PUFA are a vital nutrient for humans as it cannot be
produced by our system. Therefore, it has to be obtained through diet [51, 52]. Major source of PUFA is cod
liver oil of fish. But fish obtain this nutrient by consuming the microalgae, major producer in water system. The
polyunsaturated fatty acids are known to have the ability to cure arthritis, obesity, schizophrenia,
neurodegenerative diseases such as parkinson’s disease, multiple sclerosis, heart disease and atherosclerosis
[53, 54].
Omega 3 (PUFA n-3) and omega 6 (PUFA n-6) are the derivative of PUFA. Eicosapentaenoic acid (EPA,
C20:5, n-3) and Docosahexaenoic acid (DHA, C22:6, n-3) are derivative of omega 3 fatty acid. Omega-3 are
present in food as α-linolenic acid (ALA, C18:3, n-3). α -linolenic acid is converted into EPA and DHA in our
body. Since this conversion is inefficient and limited [55], these two are obtained from diet. DHA is a vital
nutrient for the fetal brain development and for optimal retinal function in newborns [56, 57](McCann and
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Ames, 2005, Medina et al., 1999). EPA has the ability to lower the blood cholesterol level and prevents the
coronary heart disease. EPA is isolated from Porphyridium cruentum and Monodus subterrans [51], Nitzschia
inconspicua [58]. DHA is isolated from Schyzochytrium sp. [3]. Omega 6 fatty acids are also present in the food
as linoleic acid (LA, C18:2, n-6). Arachidonic acid (AA, C20:4, n-6) is a derivative of omega 6 fatty acid [55].
Arachidonic acid acts a precursor of prostaglandin and leucotrienes with important role in circulatory and
central nervous system [59]. Isochrysis galbana, Phaeodactylum tricornutum, Porphyridium cruentum
[60],Crypthecodinium cohnii [61]are also the best source of linoleic and arachidonic acid. Nannochloropsis
gaditana, Monoraphidium brauni, Scenedesmus obtusiusculus, Pseudodictyosphaerium jurisii, Choricystis
minor, Nannochloropsis limnetica are some of the sources of PUFA.
MICROALGAE AS AN ALTERNATE BIOENERGY SOURCE
Biodiesel is produced by transesterification of fatty acid of vegetable oil and animal fats. This oil
consists mainly of triglycerides. In transesterification, the triglycerides are converted to methyl esters by
means of methanol in the presence of catalyst. This process occurs in three steps: triglycerides are converted
to diglycerides, then to monoglycerides and finally glycerol and methyl esters. The catalyst used in the
transesterification can be alkali, acid [62, 63] or lipase [64]. Most commonly used alkali catalysts are sodium or
potassium hydroxide. Sodium methoxide, an Alkoxide is a better catalyst than the sodium hydroxide [65].
Recently microalgae have been used as an alternative source for biodiesel production due to the
presence of the high percentage of lipids. The advantage of using the microalgae for biodiesel production over
the vegetable oil and animal fat is that they are fast growing compared to the terrestrial plants; easy to
cultivate and extract the lipid throughout the year; yield is more when compared to plant. Further, it will not
affect the world food price [65]. Microalgae being autotrophic, they absorb the CO 2 from the atmosphere and
release the oxygen. So there is possibility of reducing the CO2 level in the atmosphere.
Microalgae accumulate the lipids in the form of neutral lipids mostly triglycerides which are stored in
cytosol [66, 67]. These neutral lipids can be extracted and used for the biodiesel production. Some of the fresh
and marine microalgae which are reported to have neutral lipids are Chlorella vulgaris, Crypthecodinium
cohnii, Cylindrotheca, Dunaliella salina, Isochrysis sp., Nannochloris sp, Nannochloropsis oculata,
Neochlorisoleo abundans, Nitzschia sp, Phaeodactylum tricornutum, Porphyridium cruentum, Schizochytrium
sp., Tetraselmis suecica, Botryococcus braunii, Scenedesmus obliquus, Skeletonema coastatum, Chaetoceros
muelleri [68, 69].
The lipid content of the microalgae can be altered by varying the culture and nutrient conditions.
Nutrient starvation is commonly used for increasing the lipid yield. Most commonly nitrogen, phosphorus and
silicon nutrient limitation yielded more neutral lipid in Stephanodiscus minutulus [70], Chlamydomonas
moewusii [71], Cyclotella cryptica [72], Scenedesmus sp.[73, 69, 74, 75]. Change in the temperature has
significantly increased the lipid content of Nannochloropsis salina [76], Isochrysis galbana [77]. Dunaliella
salina [78], Nitzschialaevis [79], have shown increased lipid yield when the salinity was increased.
CONCLUSION
Microalgae are known to have wide range of applications due to presence of high value added
metabolites such as pigments, vitamins, carbohydrates, minerals, proteins etc. They are known to produce
compounds having antioxidant activity, antiviral activity, antifungal activity, anticancer activity which can serve
as a lead molecule for drug development. The increased nutrient contents in microalgae makes them a
potential source of nutraceutical compounds such as PUFA, carotenoids, vitamins, minerals. Another
advantage of microalgae is their use in biodiesel production and being autotrophic they can used as carbon
dioxide sequestrant that can decrease the carbon dioxide load in the environment.
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