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INTRODUCTION

Microalgae are a large and 
diverse group of photoautotrophic 
microorganisms that includes eukaryotes 
such as green, red, brown and golden 
algae, diatoms, dinoflagellates, as well 
as prokaryotic cyanobacteria (blue-green 
algae). These organisms are ubiquitous 
in nature - in the water and on land. In 
natural habitats they are often exposed 
to stressors with abiogenic (low or 
high temperatures, drought, high/low 
light intensity, nutrient deficiency, etc.) 
and/or biogenic origin (interaction 
with other organisms via competition, 
parasitism). The basis of the survival 
of microalgae in harsh environments or 
in environments with widely varying 
physico-chemical parameters and/or in a 
highly competitive environment is their 
remarkable physiological and biochemical 
plasticity (Falkowski et al., 1997). 
These microorganisms have developed 
a variety of adaptive and defense 
mechanisms, ranging from a change in 
the ratio and composition of the main 
structural and functional components of 
the cell (proteins, carbohydrates, lipids, 
pigments), activation of non-enzymatic 
and enzymatic defense systems, to the 
synthesis of substances with a cytotoxic, 
antibacterial, alelochemical action, 
including various secondary metabolites 
(isoprenoids, toxins, etc.). Although 
microalgae have been known for many 
centuries, in recent decades they have 
been rediscovered as an excellent source 
of valuable compounds, due to the strong 
demand of the humans for natural, safe, 
eco-friendly and renewable products. This 
review aims to present the significance 
of microalgae for human community, 

covering their crucial role in the biosphere 
through photosynthesis, their impact on 
the research development, as well as their 
economic importance as a source of a 
vast range of substances with current and 
potential applications in the agriculture 
and wastewater treatment, in the food, 
feed, pharmaceutical and cosmetic 
industries. 

1. WHAT ARE THE ADVANTAGES 
OF USING MICROALGAE:

• Microalgae perform a photosynthetic 
process similar to higher plants, but 
biological CO2 fixation with microalgae 
is more efficient than with terrestrial 
plants and microalgae can grow about 
10 to 50 times faster (Dismukes et al., 
2008; Williams and Laurens, 2010).

• Many species could be cultivated on 
a large scale with the potential for 
growth in a bioreactor under controlled 
conditions.

• Microalgae cultivation in open 
ponds or in closed photobioreactors 
is characterized by less seasonality 
(Moheimani and Borowitzka, 2006), 
simple and inexpensive culture media 
and the use of low-productive or non-
arable land.

• They have short harvesting times and the 
harvested biomass can be used directly 
or after further processing.

• Provide opportunities for their 
simultaneous multipurpose use.

•  Some microalgae produce unique 
metabolites. Phycobiliproteins (phy-
cocyanins, allophycocyanins and 
phycoerythrins) for example, are 
water-soluble fluorescent accessory 
light-harvesting protein pigments, 
characteristic of Cyanophyta, 
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Rhodophyta and Cryptophyta. A range 
of structurally novel cyclic peptides and 
depsipeptides are found in cyanobacteria 
(reviewed in Moore, 1996). Only the 
marine diatom Haslea ostrearia is shown 
to synthesize the pigment marennine. 

• Provide molecules (pigments, 
triacylglycerols containing polyun-
saturated fatty acids) in their natural 
isomer proportions.

• Microalgae are the primary producers 
of eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA) in the 
food chain. 

• The variety and quantity of valuable algal 
products are amenable to manipulation 
by changing the growth conditions. 

• Some algal strains are extremophyles to 
temperature, salt or pH.

• Last but not least, the biodiversity and 
extraordinary biosynthetic potential of 
these photoautotrophic microorganisms 
are still largely unexplored and unused.

2. AREAS OF MICROALGAE 
IMPORTANCE

2.1. Ecology and environmental 
research

Microalgae are responsible for over 
50% of the primary photosynthetic 
productivity on Earth and are an essential 
link in the food chain. Through the 
biological fixation of carbon, a part of 
which is subsequently sequestered at 
ocean depth, microalgae participate in the 
global carbon cycle (Not et al., 2012). On 
the other hand, they largely contribute to 
the global oxygen production (between 
50 to 87%). Their participation in these 
major global processes, as well as in the 
nutrient recycling, especially in aquatic 
environment, is important to support the 

majority of life on our planet. Microalgae 
mitigate the effects of water and soil 
pollution with industrial waste, such as 
organic and inorganic substances, heavy 
metals and in this way they are involved in 
the biodiversity conservation. Moreover, 
by removing excessive nitrogen and 
carbon from water, microalgae help 
reduce the eutrophication in the aquatic 
environment. The important role of 
microalgae in soil ecosystems is to 
improve the physical and chemical 
characteristics of the soil (aggregation 
of soil particles, increasing the water 
and mineral content, aeration), but 
is also related with the stimulation 
of plant growth by physiologically 
active substances, hormones, which 
they produce and secrete (Borowitzka, 
1995). Furthermore, these ubiquitous 
microorganisms synthesize and secrete in 
the environment many metabolites with 
biocidal activity such as antibacterial, 
algicidal, herbicidal, insecticidal, which 
help maintain the ecological balance. 
On the other hand, microalgae make a 
significant contribution to environmental 
research. It is well known, that climatic 
changes and many aspects of human 
activity have harmful effects on 
ecological systems. Microalgae are 
excellent indicators of ecosystem change 
as their populations are very sensitive 
to changes in light quality, temperature, 
nutrient status (including pollution). 
Assessment of microalgal population 
dynamics is particularly informative in 
environmental impact assessments (Day 
et al., 1999). Diatoms, for example are 
used extensively to monitor the ecological 
status of lotic environments due to several 
reasons: methods are cost effective, data 
is comparable, techniques are rapid and 
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accurate. Diatoms also have a short 
life cycle allowing rapid response to 
changes in water quality associated with 
urbanization and agricultural activities 
(acidification, eutrophication, etc.). 
Their fossil forms are good indicators 
of climate variations (Bere and Tundisi, 
2010). 

2.2. Importance for the development of 
fundamental science

Due to their small size, relatively 
simple morphological organization and 
good reproductive capacity microalgae 
are cultured relatively easily in the 
laboratory. The genome of dozens strains 
of several species is sequenced. These 
biological advantages, in combination 
with the developed plurality of molecular 
tools make some microalgae convenient 
models for studying of various processes 
in plants.

Synechocystis sp. strain PCC 6803 
(Cyanoprokaryota) is widely used by 
scientists around the world for studying 
photosynthesis, directed biosynthesis 
of valuable metabolites (pigments, 
poly-β-hydroxybutyrate) and protective 
mechanisms in stress conditions (Lagarde 
et al., 2000; Wu et al., 2001; Marin et 
al., 2006; Vassilakaki and Pflugmacher, 
2008). The filamentous cyanobacterium 
Anabaena sp. PCC 7120 is a model 
system to study nitrogen fixation, cell 
differentiation, cell pattern formation and 
evolution of plastids (Padhi et al., 2010). 
The unicellular green Chlamydomonas 
reinhardtii is the eukaryotic model alga 
that contributes to the understanding 
of chloroplast biogenesis and function 
(Rochaix, 2004), circadian rhythms 
(Mittag et al., 2005), cell cycle control 
(Bisova et al., 2005), plant respiration 

(Cardol et al., 2005), metal transporters 
(Hanikenne et al., 2005) and the evolution 
of herbicide resistance (Reboud et al., 
2007). 

Antarctic microalgae are suitable 
model system for the creation of survival 
strategies because of their ability to 
survive in various ecological niches and 
the exhibition of extreme resistance to 
the effects of harsh environmental factors 
such as high solar irradiance, increased 
UV radiation and low temperature. The 
survival of these algae is connected with 
the efficiency of their repair systems 
(error-free rejoining of double-strand 
DNA breaks, increased levels of HSPs, 
increase in carotenoids content) and the 
stability of cell defence mechanisms 
(enhanced antioxidant enzyme activities, 
high content of SH-groups and some 
pigments – carotenoids, phycobiliproteins 
and chlorophyll) (Pouneva and Minkova, 
2010). 

2.3. Economic importance
Microalgae can biosynthesize, 

metabolize, accumulate and secrete a 
great diversity of primary and secondary 
metabolites, many of which are valuable 
substances with current and potential 
applications in the food, pharmaceutical, 
cosmetic and textile industries, and in 
agriculture. 

2.3.1. Applications of microalgae in 
agriculture and wastewater treatment

Algal biomass or live cultures are 
used as a means to enrich the soil (Nakao 
and Kuwazuka, 1991). Water-retention 
ability of polysaccharides from Nostoc 
muscorum is useful in their application as a 
soil stabilizer (De Caire et al., 1997). Blue-
green algae are important for boosting 
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agricultural crops as they can fix nitrogen 
(Anabaena, Nostoc); produce and release 
a wide array of compounds like amino 
acids, auxins, gibberellins, cytokinins with 
plant growth-promoting effects (Nostoc, 
Chlorogloeopsis, Calothrix, Plectonema, 
Gloeothece, Anabaena, Cylindrospermum, 
Anabaenopsis, Chroococcidiopsis); 
increase the fertility of soils and crop 
yield by adding organic matter, nitrogen, 
phosphorus, carbon, potassium, zinc and 
micronutrients; possess the ability to 
degrade various agrochemicals such as the 
insecticides methyl parathion, malathion, 
dichlorovos, lindane and herbicide 
anilofos (Oscillatoria, Synechococcus, 
Nodularia, Nostoc, Cyanothece, 
Synechocystis, Anabaena, Phormidium) 
(Singh et al., 2014). Algal biofertilizers 
promote the growth of other “useful” soil-
borne microorganisms and increase the 
activity of soil enzymes that participate 
in the liberation of nutrients necessary 
for plants. Acting solely or in a microbial 
consortium, they are suitable for recovery 
of marginal soils (Abdel-Raouf et al., 
2012). Additionally, some cyanobacteria 
and green algae play an effective role 
as antagonistic agents against plant 
pathogenic bacteria, fungi and insects 
(see Singh et al., 2014; Abdel-Raouf et 
al., 2012). The use of algal metabolites 
exhibiting biocidal activity (Wiegand and 
Pflugmacher, 2005) as biological control 
agents in agriculture is environment-
friendly alternative to synthetic biocides 
(Gol’din, 2012). 

Microalgae are able to sequester, 
remove or transform pollutants such as 
excess nutrients, xenobiotics and heavy 
metals from wastewater, or CO2 from 
exhausts, thus having great potential 
in the phycoremediation. Some green 

algae and cyanobacteria show high 
efficiency in the content reduction of 
various nutrients (PO4

-2, NO3
-2, SO4

-2) 
and chlorides as well as the electrical 
conductivity from/of municipal or 
other wastewater (Azarpira et al., 2014 
and ref. therein). Ankistrodesmus, 
Chlorella or Scenedesmus species 
are successfully attempted to purify 
wastewater containing organic pollutants 
in the manufacture of pulp, paper 
and olive oil (Munoz and Guieysse, 
2006). Filamentous cyanobacteria are 
suitable for the reduction of organic and 
inorganic pollutants from agro-industrial 
wastes and wastewaters (Markou 
and Georgakakis, 2011). Scendesmus 
obliquus can degrade up to 90% of the 
cyanide in mining wastewater (Gurbuz et 
al., 2009). Microalgae effectively remove 
heavy metals from wastewater, resulting 
in high quality reusable water (Perales-
Vela et al., 2006). The capabilities of 
some algae for aerobic biodegradation 
of phenolic pollutants seem also to be 
promising (Lika and Papadakis, 2009).

2.3.2. Applications in food and 
nutraceuticals industries

Chlorella, Nostoc, Spirulina and 
Aphanizomenon have been used as food 
since ancient times. Due to the original 
chemical composition of microalgae 
(high protein content, with balanced 
amino acids ratio, essential minerals, 
carotenoids, polyunsaturated fatty acids, 
vitamins, polysaccharides, carotenoids, 
phycobilins and other biologically active 
compounds), their biomass has extremely 
high nutritional value and health benefits 
(Batista et al., 2013). The application of 
microalgal biomass and/or metabolites is 
a contemporary approach for obtaining 
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healthy food and food supplements 
(nutraceuticals) (Gouveia et al., 2008). 
The commercial applications in human 
nutrition are dominated by Arthrospira, 
Chlorella, Haematococcus, Dunaliella 
salina and Aphanizomenon flos-aquae. 
Therapeutic supplements from micro-
algae comprise an important market in 
which compounds such as β-carotene, 
astaxanthin, lutein, polyunsaturated fatty 
acid (PUFA) such as docosahexaenoic 
acid (DHA) and eicosapentaenoic acid 
(EPA) and polysaccharides such as 
β-glucan dominate. The great potential 
of microalgae and microalgae products 
for functional foods has been recently 
reviewed by Gouveia et al. (2008), 
Plaza et al. (2009), Chacón-Lee and 
González-Mariño (2010) and Buono et 
al. (2014). In addition, as a rich source 
of antibacterial and fungicidal activities, 
microalgae including cyanobacteria are 
able to propose innovative compounds 
as preservatives in food (Guedes et al., 
2011; Najdenski et al., 2013).

Algae are the typical natural food for 
many animals used in aquaculture and it 
is not surprising that they are considered 
the best food source for production of 
bivalve molluscs (oysters, scallops and 
mussels), for juvenile stages of abalone, 
crustaceans and some fish species and for 
zooplankton, used in aquaculture food 
chain. The most frequently used species 
in aquaculture are Isochrysis galbana, 
Pavlova lutheri, Chaetoceros calcitrans, 
Skeletonema costatum, Tetraselmis 
suecica and Pseudoisochrysis paradoxa. 
Other genera include Spirulina, Chlorella, 
Dunaliella, Isochrysis, Thalassiosira and 
Nannochloropsis (Guedes and Malcata, 
2012 and ref. therein). Some algae (e.g. 
Spirulina, Chlorella, Haematococcus, 

Scenedesmus, Tetraselmis) are suitable 
healthy food for both aquatic and 
terrestrial animals (Harel and Clayton, 
2004). Using even small amounts of 
microalgal biomass can positively affect 
the physiology of animals by improved 
immune response resulting in growth 
promotion, disease resistance, improved 
gut function, probiotic colonization 
stimulation, as well as by improved 
reproductive performance (Harel and 
Clayton, 2004). According to Becker 
(2004), 30% of the “current” world 
algal production is sold for animal feed 
applications. 

2.3.3. Pharmaceutical applications of 
microalgae

Microalgae produce many  
compounds, which exhibit various 
biological activities and pharmacological 
properties, such as antibacterial, antifungal, 
antiviral and anticancer activities, 
immunostimulating, anti-inflammatory, 
fibrinolytic, antidiabetic, anti-oxidant 
and free radical scavenging properties. 
Some of these compounds are currently 
exploited or have potential applications 
as pharmaceuticals. Microalgal antibiotics 
show great chemical diversity (fatty acids, 
bromophenols, tannins, polyketides, 
terpenoids, polysaccharides, peptides). 
Among the others, the polysaccharides, 
fatty acids and pigments synthesized by 
microalgae from different phyla exhibit the 
widest spectrum of activity, and thus are 
of greater pharmacological importance. 

2.3.3.1. Microalgal polysaccharides
Highly sulphated polysaccharides, 

originating from Cyanophyta, 
Rhodophyta and Chlorophyta have  
impressive  efficiency in triggering 
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either the cellular or the humoral 
stimulation of the human immune 
system. They are also hypolipidaemic, 
hypocholesterolaemic and hypoglycaemic 
agents. Some sulphated polysaccharides 
exhibit antitumor and antiviral activities 
and activity against the attachment of 
pathogens. Polysaccharides of red algae 
Porphyridium cruentum and Rhodella 
reticulata are powerful antioxidants 
with anti-inflammatory effect. Calcium-
“spirulan” of Arhrospira (Spirulina) 
has antiviral activity and the ability to 
prevent pulmonary metastasis. It is also 
promising in treating spinal cord injuries 
and as matrices for stem cell cultures. The 
bioactivities and applications of sulphated 
polysaccharides from microalgae have 
been recently reviewed by De Jesus 
Raposo et al. (2013).

2.3.3.2. Polyunsaturated fatty acids
The health benefits of long-chain 

polyunsaturated fatty acids are well 
known. Both ω-3 and ω-6 PUFAs play a 
central role in the normal development 
and functioning of the brain and central 
nervous system (Schuchardt et al., 2010). 
Omega-3 fatty acids such as EPA and DHA 
increase the high-density lipoprotein/
low-density lipoprotein (HDL/LDL) 
ratio and decrease the total cholesterol/
HDL ratio, the impacts of which are 
crucial for the cardiovascular health. 
Due to their immuno-modulatory effects, 
ω-3 fatty acids are effective in treating 
inflammatory diseases such as rheumatoid 
arthritis, Crohn’s disease, lupus, psoriasis, 
ulcerative colitis, asthma and cystic 
fibrosis (Adarme-Vega et al., 2012 and 
ref. therein). Many studies show that the 
microalgal fatty acids have antibacterial, 
antiviral and antitumor potential. 

“Chlorellin”, isolated from Chlorella, is 
a first example for the broad antibacterial 
activity of the microalgal fatty acids (Pratt 
et al., 1944). Later on, El Semary et al. 
(2009) report on the antibacterial activity 
of palmitic acid from Chlorococcum sp. 
Eicosapentaenoic acid isolated from the 
marine diatom Phaeodactylum tricornutum 
is active against both Gram-positive and 
Gram-negative bacteria, including multi-
resistant Staphylococcus aureus (Desbois 
et al., 2009). Antimicrobial activity 
detected in different pressurized liquid 
extracts from Dunaliella salina is related 
to several fatty acids (mainly palmitic, 
alpha-linolenic, and oleic acids) and 
some volatile compounds (such as phytol, 
neophytadiene, β-Cyclocitral, α- and 
β-ionone (Herrero et al., 2006). Almost 
the same constituents are responsible 
for the antiviral (HSV-1) activity of the 
ethanol extracts from both Dunaliella 
salina and Haematococcus pluvialis 
(Santoyo et al., 2012). The free fatty acids 
from the Bulgarian isolates Gloeocapsa 
sp., Synechocystis sp., Chlorella sp. and 
Coelastrella sp. significantly decrease the 
viability of a human cervical carcinoma 
cells (HeLa), with IC50 values lower than 
15 μg/ml (Gigova et al., 2011). Normally, 
PUFAs are extracted from fatty fish, 
putting additional pressures on global fish 
stocks. Moreover, fish tend to accumulate 
poisonous substances via the food chain, 
and new sources of PUFAs are therefore 
required. As primary producers, many 
microalgae are rich in PUFAs and present 
a promising source of them because of the 
simple microalgal fatty acid composition, 
as well as opportunities for selection of 
the best strains-producers and controlled 
PUFAs production (Adarme-Vega et al., 
2012).



Gigova and Marinova92

Genetics & Plant PhysioloGy 2016 Vol. 6(1–2)

2.3.3.3. Pigments
The pharmacological properties 

of microalgal pigments (chlorophylls, 
carotenoids and phycobiliproteins) 
are also widely demonstrated and 
evidenced. Astaxanthin, zeaxanthin, 
lutein, β-carotene and fucoxanthin have 
strong in vitro and in vivo antioxidant and 
anti-inflammation activities in animal 
models (Zhang et al., 2014). The effect 
of fucoxanthin in cancer and various 
mechanisms by which the fucoxanthin 
exerts its antiproliferative and cancer 
preventing activities are summarized by 
Kumar et al. (2013). Carotenoids have 
also the ability to stimulate the immune 
system, and thus are potential participants 
in combating various life-threatening 
diseases. Particularly, astaxanthin has 
a great potential in the prevention and 
treatment of chronic inflammatory 
diseases, cancers, cardiovascular 
diseases, metabolic syndrome, diabetes, 
diabetic nephropathy, gastrointestinal and 
liver dysfunctions, neurodegenerative, 
eye and skin diseases (reviewed in Ambati 
et al., 2014). Violaxanthin is cytotoxic at 
very low concentrations in cancer cells. 
Isolated from Dunaliella tetriolecta, it 
has a dose-dependent suppressing effect 
on human breast cancer cells (MCF-7), 
being active even at concentration of 
0.1 μg/ml (Pasquet et al., 2011). Also, 
carotenoids from Chlorella ellipsoidea 
(mainly violaxanthin with two minor 
xanthophylls, antheraxanthin and 
zeaxanthin) inhibit the proliferation of 
human colon cancer cells (HCT-116) 
with the concentration required for 50% 
inhibition (IC50) of 40.73±3.71 μg/ml and 
strong apoptosis-inducing effect (Cha 
et al., 2008). Extracts from Chlorella 
sp. containing β-carotene and lutein 

exert significant prevention of cognitive 
impairment in mice (Nakashima et al., 
2009). The main pigments (β-carotene 
and chlorophyll) of Chlorococcum 
himicola cells show a dose-dependent 
negative effect on the microbial growth 
(Bhagavathy et al., 2011).

Isomer composition of astaxanthin 
(in H. pluvialis) and β-carotene (in 
D. salina) is very different from that 
of synthetic ones. It is believed that 
the natural forms of these pigments 
are the major contributor to human 
health benefits. Indeed, epidemiologic 
studies demonstrate that β-carotene 
from Dunalliela sp., which contains 
readily bioavailable 9-cis and all-
trans stereoisomers (ca. 40% and 50%, 
respectively), lowers the incidence of 
several types of cancer and degenerative 
diseases (Ben-Amotz, 1999).

C-phycocyanin (C-PC), synthesized 
in high amount by Spirulina (Arthrospira) 
platensis, shows antibacterial, 
antifungal, antiviral and anticancer 
activities, as well as anti-inflammatory, 
fibrinolytic, antidiabetic, anti-oxidant 
and free radical scavenging properties 
(ref. in Gardeva et al., 2014). In our 
experiments, a highly purified C-PC 
from Arthronema africanum, another 
rich source of this valuable pigment, 
was used to reveal its in vivo and in vitro 
antitumor effects on myeloid Graffi 
tumor in hamsters (Gardeva et al., 2014). 
The results demonstrated the abilities 
of this C-PC to decrease significantly 
tumor transplantability and to delay 
the development of the Graffi tumors 
as well as to improve substantially the 
survival of tumor-bearing hamsters. 
The proliferation of Graffi tumor 
cells treated with A. africanum C-PC 
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was significantly inhibited, which 
was related to the concentration- and 
time-dependent ladder-like DNA 
fragmentation pattern, typical for 
apoptosis. Moreover, an increase in the 
activities of manganese and copper/zinc 
superoxide dismutases and glutathione 
reductase, coupled with a low catalase 
activity was observed in tumor cells, thus 
providing new data on the mechanism 
of the C-PC-induced apoptosis in which 
the imbalance of antioxidant enzymes 
that favoured hydrogen peroxide 
accumulation might play a leading role. 
Focusing on the antioxidant activity of 
phycocyanin, Fernández-Rojas et al. 
(2014) summarize the ability of this 
colored protein to prevent the imbalance 
„antioxidant/oxidant“ in various in vitro 
and in vivo models, and its potential 
benefits in the treatment and prevention 
of numerous disorders associated with 
oxidative stress.

Although comparatively less 
studied, phycoerythrin (PE), the major 
photosynthetic accessory pigment in red 
algae also shows promising biological 
activities. Recombinant PE of Gracilaria 
lemaneiformis, expressed in Escherichia 
coli, can scavenge free radicals and has 
antitumor activity (Wen et al., 2007). 
We isolated pure B-phycoerythrin from 
Porphyridium cruentum and investigated 
his actions against various pathogenic 
bacteria, fungus Candida albicans 
and Graffi tumor cells. This PE was 
microbicidal both for C. albicans and 
the bacterial species Staphylococcus 
aureus, Streptococcus pyogenes and 
Salmonella typhimurium (Najdenski et 
al., 2013). Concerning tumor cells, about 
50 and 63% growth suppression was 
recorded using 50 and 100 μg/ml of the P. 

cruentum PE, respectively. Characteristic 
apoptotic features like nuclear shrinkage, 
condensed chromatin and membrane 
blebbing, as well as formation of 
apoptotic bodies and DNA fragmentation 
were observed in PE-treated tumor cells. 
At the same time, the algal pigment 
exerted a potent stimulatory effect on 
the proliferation of normal hamster bone 
marrow cells, thereby demonstrating 
bidirectional positive effects (Minkova 
et al., 2011).

Marennine is a water-soluble green 
pigment synthesised and excreted by the 
marine diatom Haslea ostrearia, known 
to be responsible for the phenomenon 
“greening of oysters”. Purified 
intracellular marennine and extracellular 
marennine  significantly  inhibit the 
growth of marine bacteria (Polaribacter 
irgensii, Pseudoalteromonas elyakowii 
and the pathogenic Vibrio aesturianus). 
Both forms of marennine are active against 
five different adherent human cancer cell 
lines and also possess antiviral (HSV1) 
properties (Gastineau et al., 2012).

2.3.3.4. Other algal metabolites of 
pharmacological significance

Dolastatins (pseudopeptides) are 
an interesting group of biologically 
active metabolites, isolated from 
marine cyanoprokaryotes, mainly from 
the genera Lyngbya, Oscillatoria and 
Symploca. Curacins are a group of mixed 
polyketide synthase - nonribosomal 
peptide synthase derived compounds 
produced by and isolated from Lyngbya 
majuscula. Representatives of the two 
groups inhibit tubulin polymerization and 
microtubule assembly thereby having 
antiproliferative potential. Moreover, 
dolastatins and curacins are used as 
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lead compounds for the development of 
synthetic drug analogues having better 
pharmacological and pharmacokinetic 
properties in the treatment of various 
cancer types. Curacin A, dolastatin 10 
and dolastatin 15 and their analogues 
are in preclinical and/or clinical trials as 
potential anticancer drugs (Uzair et al., 
2012). Microalgae are also sources of 
essential for life vitamins and vitamin 
precursors, most notably ascorbic acid, α- 
β- and γ-tocopherol, riboflavin, nicotinate, 
biotin, folic acid and pantothenic acid.

2.3.4. Cosmetics applications of 
microalgae

Due to their valuable biological 
properties and activities, microalgae-
derived compounds such as 
polysaccharides, lipids, proteins (amino 
acids), carotenoids and phycobiliproteins 
are explored for cosmeceutical purposes. 
The polysaccharides from Porphyridium 
are bioactive cosmetic ingredients 
(Stolz and Obermayer, 2005). Lipid-
based cosmetics, in the form of creams 
or lotions, provide both nourishing and 
protecting effects to the skin. Amino 
acids are important for skin hydration, 
elasticity and photoprotection (especially 
mycosporine-like amino acids) (Lebeau 
and Robert, 2003). Beta-carotene 
(provitamin A), the richest source of 
which is Dunaliella salina, stimulates 
cell regeneration at the level of the 
epidermis or dermal connective tissue, 
inhibits the production of melanin and 
has antioxidant activity. Chlorella and 
Arthrospira (Spirulina) are the main 
species established on the skin care, sun 
protection and hair care market (Stolz and 
Obermayer, 2005). “Dermochlorella”, 
extracted from Chlorella vulgaris, 

stimulates collagen synthesis in the skin 
and thus supports tissue regeneration 
and wrinkle reduction (Codif, St. Malo, 
France). “Protulines” is a protein-rich 
extract from Arthrospira, which helps 
combat early skin aging, exerting a 
tightening effect and preventing stria 
formation (Exsymol S.A.M., Monaco). 
Two other products are also on the market: 
an ingredient from Nannochloropsis 
oculata with excellent skin-tightening 
properties (“Pepha-Tight”) and an 
ingredient from Dunaliella salina, which 
markedly stimulates cell proliferation 
and turnover and positively influences 
the energy metabolism of skin (“Pepha-
Ctive”) (Stolz and Obermayer, 2005). 
“AstaReal Oil 50F” and “AstaTROL” 
(Fuji Chemical Industry Co., Ltd., 
Toyama, Japan) are products containing 
astaxanthin from Haematococcus 
pluvialis as an active ingredient. In human 
clinical studies, the combination of oral 
administration and topical application of 
these products results in improvements in 
skin wrinkle, age spot size, elasticity, skin 
texture and moisture content (Tominaga 
et al., 2012). Algobad, Roupi Shampoo, 
Algofem, etc are microalgae-derived 
cosmetic products, developed in Bulgaria 
(Fournadzhieva et al., 2003).

2.4. Other applications of microalgae
Because of their unique composition, 

structure and physico-chemical 
characteristics, microalgal highly 
sulphated polysaccharides are raw 
materials for food, pharmaceutical, 
cosmetic and textile industries as 
thickeners, stabilizers, emulsifiers, 
flocculants and moisturizers (referred 
in Arad and Levy-Ontman, 2010). They 
may also be used as biolubricants for 
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bone joints and to mitigate degenerative 
joint disorders caused by arthritis, or 
even as drag-reducing substances for 
ships (De Jesus Raposo et al., 2013 and 
ref. therein).

Phycobiliproteins have deep and 
intense color, stability, a broad excitation 
spectrum and high fluorescence quantum 
yield and are without any toxic effect. 
These unique properties lead to extensive 
use of the phycobiliproteins as natural 
colorants in food and cosmetics, as 
fluorescent tags in diagnostic tests and in 
various research applications (Kuddus et 
al., 2015). 

Diatoms biomineralize a mixture of 
silica, proteins and carbohydrates to form 
an inorganic silica shell that surpasses 
modern engineering capabilities. These 
intricately patterned silica structures are 
presently used as diatomaceous filters, 
but may prospectively be applied in 
nanotechnologies or computer chips 
(Bozarth et al., 2009).

3. CONCLUSION

As the need for more natural, safe, 
eco-friendly and renewable products 
increases, microalgae will continue to be 
explored for and used as a source of such 
products. In recent decades, science and 
industry mark a significant progress in the 
disclosure and utilization of the enormous 
biotechnological potential of microalgae, 
but there are still challenges to be solved. 
One of the biggest challenges is to achieve 
energy- and cost-effective production, 
which involves the attainment of higher 
productivity and exploiting more fully 
the produced biomass. Many scientists 
from around the world are looking for 
innovative solutions of this challenge. The 

production of valuable metabolites from 
microalgae can be more environmentally 
sustainable, cost-effective and profitable, 
if combined with processes such as 
wastewater and flue gas treatments. 
In fact, various studies demonstrate 
the complex use of microalgae for 
agricultural and/or industrial purposes 
and for environmental protection.
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