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Abstract

Spirulina platensis, a species of blue green algae of the cyanobacteria family is currently of global nutritional significance. It’s high content of proteins, 
vitamins, antioxidants, antimicrobials and anti-carcinogenic biomolecules is being researched upon. Various nutritional potencies have been attributed to 
metabolites from the cyanobacteria, Spirulina platensis. Spirulina serve as very viable potential sources of bioactive products with commercial importance. 
Therefore, more should be done in the culture, isolation, and purification of microalgae to enable beneficial harvest of their important inclusions.
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Introduction

Spirulina platensis is currently of global nutritional significance 
to redress malnutrition especially in children. This blue green algae 
of the cyanobacteria family grown in temperate waters around the 
world that is considered as a functional food due to its rich source 
of proteins, vitamins, minerals, healthy fatty acids and other healing 
phytonutrients, such as numerous active plant pigments. From 
ancient times a blue green microalgae has been used as a source of 
food supplement for its high protein content and nutritional value 
[1]. Due to its high content of valuable substances spirulina has 
benefit for use as bioactive substance. It has been also demonstrated 
several beneficial health effects due to their ability to act as scavengers 
for reactive oxygen species.

Spirulina platensis is a potential source of high value compounds 
with functional properties e.g., phycocyanins, carotenoids, phenolic 
acids and omega-3 and omega-6 polyunsaturated fatty acids [2].

Recently algae are widely being studied for its nutritional 
reasons and also for its therapeutic properties. Several studies have 

shown that Spirulina or its extracts could prevent or inhibit cancer 
in humans and animals for its immuno-promoting effects [3,4]. S. 
platensis was also has antimicrobial activity to inhibit replication of 
several viruses such as Herpes simplex and HIV-1 [5-7]. Moreover 
Spirulina contains a whole spectrum of natural mixed carotene 
and xanthophylls phytopigments which together seem to be related 
to its antioxidant activity [8-10]. Now the new food ingredients 
obtained by extraction of natural products is growing the demand of 
interest in functional foods. In this way, several studies showed that 
Spirulina platensis or its extracts could possess physiological profits as 
antioxidant, antimicrobial, anti-inflammatory, antiviral or antitumor 
properties.

Nutritional Composition of Algal Biomass

Spirulina is an incredible natural source of nutrition which 
has been used since ancient times. Spirulina is a major alga which 
is used as food supplement. The different nutritional compositions 
of microalgae have been analyzed since 1970. They were shown to 
be excellent sources of protein, amino acid, minerals etc. [11]. Its 
composition is discussed below:
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Protein 

Spirulina consists of essential amino acids mainly leucine, valine 
and isoleucine along with tryptophan, methionine, phenylalanine, 
threonine and lysine [12]. Among the non-essential amino acids the 
algae is rich source of aspartate and glutamate. The protein denatures 
at and above 67°C, in neutral aqueous solution (Table 1).

Vitamins

Spirulina is a great source of beta-carotene (provitamin A) and 
vitamin B-12. Vit B-12 is very useful in treatment of pernicious 
anemia [13-16]. The vitamins content of Spirulina platensis are 
described in Table 2.

Carbohydrates - Glucose, rhamnose, mannose, xylose and 
galactose etc are found in microalgae biomass (Table 3) [17].

Lipids

Spirulina contains 4-7% lipids. Spirulina mainly has essential 
fatty acids like GLA which is required for arachidonic acid and 
prostaglandin synthesis. Spirulina is one of the few natural dietary 
sources of Gamma Linolenic Acid (GLA), an omega 6 fatty acid 
(Table 4) [18,19].

Minerals

Spirulina is an adequate source of iron. The mineral composition 
of Spirulina powder is described in Table 5.

Pigments

Spirulina has a high ratio of plants pigments and phytonutrients, 
including phycocyanin, carotenoids, xanthophylls and chlorophyll. 
Phycocyanin is a blue pigment (bilirubin) found only in blue-green 
algae [20,21]. Pigments are usually associated with thylakoid lamella 
of the algae (Table 6).

Harvesting and Post Harvesting Processing of Algal 
Biomass

Biomass harvesting requires one or more solid liquid separation 
methods. Biomass can be harvested by any of the three methods viz, 
1. Flocculation-The commonly used salts include ferric chloride, 
aluminum sulphate and ferric sulphate. 2. Centrifugation-Centrifugal 
recovery can be rapid but it is energy intensive [23]. So the application 
of centrifugation for recovery of biomass for commercial purpose is 
minimal and 3. Filtration-Filter presses operating under pressure or 
vacuum are reasonable for bulk recovery. Rotary drum vacuum or 
pressure filters are also preferred for harvesting algal biomass.

The harvested biomass slurry must be processed rapidly or it can 
be spoiled within a few hours in a hot climate. Dehydration or drying 
method is mostly used. Absence of water in the biomass enhances 
the recovery of lipid soluble components such as astaxanthin and 
beta carotene. Different drying methods are employed for the drying 
of biomass. It includes spray drying, cross flow drying, oven drying, 
sun drying, recirculatory hot air drying, freeze drying etc. [24]. Spray 
drying is already a commercial method widely used and product 

Amino acids  g/100 g
Leucine 4.94
Valine 3.51

Isoleucine 3.20
Tryptophan 0.93
Methionine 1.15

Phenylalaline 2.78
Threonine 2.97

Lysine 3.02

Table 1: Protein composition of Spirulina microalgae [12].

Table 2: Vitamins composition of Spirulina microalgae.

Vitamins mg 100 g-1

Carotene 140
Vitamin E 100

Thiamin B1 3.5
Riboflavin 4

Niacin 14
Vitamin B12 0.32
Folic acid 0.01

Biotin 0.005
Vitamin K 2.2

Table 3: Carbohydrate composition of Spirulina microalgae.

Carbohydrates mg 100 g-1

Glucose 54.4
Rhamnose 22.3
Mannose 9.3

Xylose 7.0
Galactose 2.6

Table 4: Lipid composition of Spirulina microalgae [18].

Lipids g 100 g-1

Palmitic 2
Gamma linolenic (GLA) 1

Arachidic 0.048
Oleic 0.017

Myristic 0.041

Table 5: Minerals composition of Spirulina microalgae [18].

Minerals mg 100 g-1

Zinc 3
Sodium 900

Potassium 1400
Phosphorus 800
Manganese 5
Magnesium 400

Iron 100
Copper 1.2
Calcium 700

Table 6: Phytonutrients of spirulina algae [22].

Phytonutrients g/100 g-1

Cis beta - carotene 0.073
Trans beta - carotene 0.26

Phycocyanin 12
Chlorophyll-a 1
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quality obtained is also high having additional advantages as uniform 
appearance and relatively easy packaging. The freeze drying method 
is also recommended because of no or minimal product degradation 
and higher biomass quality [25]. However freeze drying is too 
expensive for use in large scale.

Nutritional Value of Spirulina Platensis

Arthrospira (Spirulina), the richest sources of proteins is 
about 60-70%. Attempting a study on using Spirulina as a protein 
supplement, it was observed that it can be substituted up to 40% of 
protein content in diets. Rabelo have explained on the development 
of cassava doughnuts enriched with S. Platensis biomass [26]. 
Unlike many other cyanobacteria that have proven toxicity, no such 
property has been attributed to Spirulina. Becker et al. reported that 
organic nitrogenous rich Spirulina constituents were used as food 
supplement in Chad Republic (Africa). The alga strain growths 
in an open air pilot production unit were determined with respect 
to its amino acids, vitamins and nutritive value. It contained 62% 
protein, high digestibility and vitamins like β-carotene. Lyophilized 
Spirulina platensis had a nutritional quality between that of wheat 
gluten and casein supplemented with methionine. Usharani showed 
that the drum dried preparations of Spirulina platensis were fairly 
similar in quality to that of casein sample with methionine [27,28]. 
It also reported on the water-soluble sugars constituting the major 
carbohydrates of Spirulina. The low amount of starch was due to the 
high α and β amylase activity of in Spirulina. The in vitro digestibility 
of Spirulina had been reported using an amylase enzyme. A sufficient 
amount of protease activity was mainly involved in protein turn over 
rather than in storage hydrolysis. Markou studied on the production 
and nutritive value of Spirulina platensis on swine wastes [29]. The 
alga contained 55 to 61% crude protein. Natives of the chad region 
still supplements their diet with Spirulina harvested from lakes. They 
fed Spirulina to nourish adults. It showed positive nitrogen balance 
without its harmful effects on human body. Gerde reported on the 
characteristics of the protein of fresh water mass cultures of Spirulina 
platensis [30]. The total protein was 50-65% of which nearly 9.9% was 
non-protein nitrogen. Total protein was extracted by three successive 
extractions methods using water as a solvent. The isoelectric point 
was found to be 3.0. The polyacrylamide gel electrophoretic pattern 
showed seven bands. The in vitro digestibility was found to be 85% 
when assayed with a pepsin pancreatic system. Khan also reported 
the biochemistry and industrial potential of Spirulina [31]. It’s 
consumption by human populations indicated a lack of toxic effects 
on human bodies. It could be used as a source of chemical and other 
basic commodities like enzymes, vitamins, lubricants, pigments, 
etc. Bonotto reported that many species of microalgae and blue 
green algae under suitable conditions grew fastly and produced 
large biomass with high protein content [32]. They constituted a 
source of single cell protein supplemented with the algal biomass. 
The carotenoids composition of the blue green alga, Spirulina was 
estimated using High Performance Liquid Chromatography. Freeze-
dried Spirulina had a total xanthophylls concentration of 5787 mg/kg. 
Manjit Kaur carried out the biochemical studies of Spirulina sugars 
and enzymes [33]. The content of total water soluble sugars were 
more (7.31%) than acid soluble sugars (6.19%) and the activities of 

α amylase (8.5%), β amylase (5.33%) and protease (1.07%) were also 
recorded simultaneously. The activity of acid phosphatase showed 
insignificant statistically. Powdered Spirulina contained 480 mg 
of iron per kg. The sample grown in chelated iron showed a higher 
percentage of available iron in the wet algae (15-20%) than the dried 
algae (8-10%) as compared to the control which had traces of iron. 
Water extract of Spirulina was found to inhibit the lipid peroxidation 
to 76% and the alcohol extract to 65%. The chemical antioxidants like 
α tocopherol, Butylated hydroxyanisole and β carotene gave 35, 45 
and 48% respectively. Mendiola screened on functional compounds 
of supercritical fluid extracts from Spirulina platensis [34]. It can 
also be inferred that extraction at 220 bars and 55°C yields the best 
extracts in terms of antioxidant and antimicrobial activities. Under 
these conditions, a good fractionation was also achieved. Aqueous 
extract of Spirulina has a protective effect against apoptotic cell 
death due to free radicals. This potential application of incorporating 
Spirulina into food products and beverages enhance their antioxidant 
capacity [35]. Microalgae are commercially important due to its 
mass production ability, high quality protein, lower production cost, 
no toxicity, high nutritional value easily digestible, can add natural 
color in food, used in cosmetics and pharmaceuticals products [36]. 
Nutraceutical properties due to presence of amino acids, pigments 
and essential fatty acid which acts as an anti-inflammatory that 
sometimes alleviates symptoms of arthritic conditions.

Sundararaman studied the bioactive potential of marine 
Cyanobacteria in the animal based systems where twelve different 
strains were administered to male albino wistar rats [37]. Spirulina 
platensis, a cyanobacterium was evaluated as an ameliorant of 
Hexachloro Cyclohexane (HCH), an organochlorine insecticide, 
widely used in India. HCH induced dietary toxicity in retinal deficient 
male albino rats by feeding HCH mixed with diets free of vitamin. 
Growth rate was considerably reduced in rats fed with vitamin A free 
diet with and without HCH. The body weight gain increased in rats 
fed with alga supplemented diets with or without HCH.

Lactococcus lactis, Streptococcus thermophilus, Lactobacillus  
casei, Lactobacillus acidophilus, Lactobacillus delbrueckii and 
Lactobacillus bulgaricus were grown in rich media as well as in 
minimal saline medium with and without addition of extracellular 
products from cultures of Spirulina platensis. The stimulatory effect 
was observed in media with pH adjusted to 5.3, 6.3 and 7.0. The 
results showed significantly increments of bacterial growth in all 
media enriched with extracellular algal filtrates. Phycocyanin, a blue 
colourant from the cyanobacterium Spirulina platensis was evaluated 
for its natural food colour by toxicity evaluation studies in albino 
rats. While testing for mutagenicity, acute, subchronic and chronic 
toxicities and teratogenicity in animal experimentations, Chamorro 
have shown that Spirulina did not exhibit any potential for organ 
or system toxicity even though the doses given were elevated above 
those for expected human consumption [38]. Likewise, dietary 
supplementation of Spirulina has helped in alleviating the incidence 
of anemia experienced during pregnancy and lactation. L. Anitha 
studied the effect of supplementation of Spirulina on Blood Glucose, 
Glycosylated Hemoglobin and Lipid Profile of Male Noninsulin 
Dependent Diabetics [39]. It can be also concluded that Spirulina is 
a potent neutraceutical both as a hypoglycemic and hypolipidemic 
agent.
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Production and Extraction of Bioactive Molecules from S. 
Platensis

Extraction techniques are widely employed for the isolation of 
bioactive compounds from natural sources. Current techniques of 
solid-liquid extraction are essentially based on diffusion and osmosis. 
However they are usually time consuming and some cases are liable 
to cause degradation or unwanted chemical changes in the products. 
Different methods are employed for the extraction of intracellular 
components from biomass. Freezing and thawing of cells, 
homogenization using a mortar and pestle, using a blender at high 
rpm, ultra sound-assisted extraction. Supercritical fluid extraction 
and accelerated solvent extraction were commonly employed for the 
extraction of bioactive components from Spirulina biomass [40]. Of 
all methods ultra sound assisted and super critical fluid extraction 
have recently got more attention among researchers because of its 
first and maximum response. Supercritical fluid extraction has 
certain disadvantages like the extraction temperature may cause 
degradation of heat sensitive bioactive, expensive process and also 
the extraction yield is equal or in some cases lower than the normal 
acid extraction yield [41]. Solvent extraction procedures are widely 
employed till date for extraction of bio molecules from biomass. The 
solvent used for the extraction of bioactive from microalgae varies 
and includes hexane, methanol, acetone, petroleum ether, ethanol 
and water. Of all solvents ethanol was found to be the best extraction 
method solvent for anti-oxidant because unlike hexane or petroleum 
ether, is generally considered GRAS (Generally Recognized as safe) 
and therefore can be used as a safe solvent for the food industry. 
Moreover, the antioxidants yield obtained with ethanol are the 
highest (10.9%) than other solvents (1.4-7.1), providing a good 
efficiency of the extraction process [42]. The blue green algae S. 
platensis is a potential source of GLA, an essential polyunsaturated 
fatty acid of excellent economic interest [43]. Natural sources of GLA 
contain variable amounts of this fatty acid which rarely exceed 25%. 
Hence there has always been a keen interest in producing higher 
concentration of GLA. Lipid fractionation of Spirulina sp can be 
achieved on silica gel column chromatography and preparative TLC. 
The fatty acid composition of microalgae can be determined after 
trans-methylation by gas chromatography using highly polar EGSS-X 
column [44]. At the molecular and cellular levels antioxidants serve 
to deactivate certain particles called free radicals. Free radicals are the 
natural by-products of many oxidative metabolic processes within 
cells. These free radicals can cause damage to cell walls, certain cell 
structures and genetic material within the cells. It has been also 
demonstrated that the use of the combined protocol PLE-TLCHPLC- 
DAD allows in a fast and simple way the extraction, purification 
and preliminary characterization of several antioxidant compounds 
from Spirulina platensis microalgae. According to Miranda the main 
phenolic compounds of Spirulina were salicylic, trans-cinnamic, 
synaptic, chlorogenic, quimic and caffeic acids [45]. But the formation 
of these compounds in cyanobacteria and their importance were still 
unknown. For green plants, Rechner reported that phenylalanine 
could be converted by an ammonia lyase to trans-cinnamic acid that 
was transformed to cumaric acid which was in turn converted to 
caffeic acid [46]. These compounds are used to produce flavonoids, 
with antioxidant activity. Luciane reported that the antioxidant 

potential of the phenolics present in the cyanobacterium Arthospira 
platensis and also indicated that the quantities of phenolics could 
be increased by altering the culture conditions, suggesting that it 
was possible to increase the antioxidant potential of S. platensis 
biomass for use as a nutritional supplement. The highest quantities of 
phenolics were obtained at 35°C in medium supplemented with 1.875 
g.L-1 or 2.5 g.L-1 of sodium nitrate. The phenol-containing methanol 
extracts obtained from S. Spirulina was grown in medium containing 
1.875 g.L-1 of sodium nitrate and 35% in medium containing 2.5 g.L-1 
of sodium nitrate.

Antioxidant Potential and Therapeutic Benefits

Apart from its importance as a food additive for supplementary 
dietary proteins, there are also a lot of potentials for medical 
and therapeutic applications. For example, A. platensis plays a 
hepatoprotective role [15]. This role which has to do with the 
antioxidant activity of Spirulina has been previously asserted 
by various researchers. The antioxidant activity of Spirulina is 
described to the presence of two phycobiliproteins: phycocyanin 
and allophycocyanin, as determined by its action against OH radical 
generated from ascorbate/iron/H2O2 system. The activity was found 
to be proportional to the concentration of the phycobiliproteins and 
was mainly due to the phycocyanin content. As an antioxidant effect, 
oxygen stress was inhibited by phycocyanin and phycocyanobilin 
from Spirulina leading to protection against diabetic nephropathy. 
In an earlier experiment to determine the radical scavenging activity 
of C-phycocyanin, an intraperitoneally administered C-phycocyanin 
was found to reduce the peroxide values of CCl4-induced lipid 
peroxidation in rat liver microsomes Spirulina fusiformis also has 
shown some free radical scavenging activities. In a more recent 
finding, aqueous extract of S. platensis showed suppressive potency, 
through free radical scavenging activity, against cyclophosphamide-
induced lipid peroxidation in goat liver homogenates.

Conclusion
An important issue surrounding production of blue green algae 

is the possibility of harvesting other blue green algae containing 
cytotoxin. There is a risk when harvesting algae from natural 
bodies of water with mixed cultures of microscopic algae. For 
better commercialization of the Spirulina it is important to focus 
on its quality aspects. Algal toxin is capable of causing widespread 
poisoning to animals and humans. Various research activities are 
going-on in different parts of the world for extracting bioactive of 
therapeutic potentials from this microalgae, so that it can be further 
exploited for health claims. The research should focus on developing 
safe extraction strategies procedures for bioactive compounds, so that 
it is a non-toxic and fit for human consumption. There is considerable 
scope for research in Spirulina processing for developing various 
types of food products	 with extended shelf life.
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