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Simple Summary: Photosynthetic organisms such as microalgae are a rich source of substances 
curbing negative effects of stresses acting of human skin cells. In many cases these compounds ap-
pear to be less toxic, allergenic, and generally more “biocompatible” than most of their synthetic 
counterparts. The large-scale biotechnological production of the microalgal biomass enriched with 
the cosmeceutical compounds is more technically feasible and economically viable than that of mac-
rophyte biomass. Therefore, increasing effort is invested by the scientific community to isolation and 
characterization of potential cosmeceutical substances from microalgae. In line with this trend, we 
review here the state-of-the-art for the key group of cosmeceutical substances and the microalgae 
producing them, their biological significance, and the beneficial effects for human health and, par-
ticularly, skin health. 

Abstract: A prominent feature of stress-tolerant microalgae is their versatile metabolism allowing 
then to synthesize a broad spectrum of molecules with beneficial effects on many aspects of human 
body functioning. This is in line with the current understanding that many stress-induced deleteri-
ous processes in the human body and in photosynthetic cell are mediated by the same mechanisms 
such as free-radical attacks and lipid peroxidation. These related risks are kept at bay by optical 
screening of harmful UV, enzymatic ROS elimination systems, and potent low-molecular antioxi-
dants. Microalgae synthesize a broad spectrum of compounds exerting antioxidant and/or UV-ab-
sorbing properties. In microalgae, they increase stress-resilience of these organisms. In human body, 
they exhibit photoprotective, antiaging, and sunscreen activities. Therefore, these algal metabolites 
were recognized as promising ingredients for innovative cosmetics and cosmeceutical formulations. 
Ever increasing effort is being invested into the search for new natural biologically active substances 
from microalgae. This trend is also fueled by the growing demand for natural raw materials for 
food, pharmaceuticals and cosmetology associated with the global transition to a "greener" lifestyle. 
Here, we review the currently accumulated knowledge about the main groups of cosmeceutical 
compounds from microalgae. 
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1. Introduction 
Microalgae are a large and diverse group of unicellular, prokaryotic and eukaryotic 

microorganisms. They can grow in fresh water or seawater and play a key role in aquatic 
ecosystems as the primary producers responsible for around a half of photosynthesis on 
Earth [1,2]. Microalgae are characterized by the presence of versatile metabolic pathways 
capable of producing a broad spectrum of molecules. Many of these metabolites exert a 
plethora of beneficial effects on human health, particularly on skin condition and func-
tioning [3-5]. Biologically active compounds from microalgae have antiviral, antifungal, 
or antibiotic effects [2,3,6,7]. Starting from the second half of the last century, ever increas-
ing effort is being invested into the search for new natural biologically active substances 
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from microalgae. This trend is also fueled by the growing demand for natural raw mate-
rials for food, pharmaceuticals, and cosmetology associated with the global transition to 
a "greener" lifestyle [3,5,8]. 

Peculiar composition of pigments is among the main discriminants of the major algal 
taxa such as green, brown, and red alga, there are also significant differences in other as-
pects of chemical composition between these as well as lower-level taxa [9]. As commer-
cial demand increases, microalgae begin to be cultivated at a large scale under different 
conditions [10]. This gives rise to differences in chemical composition of raw materials 
from microalgal biomass and hence to problems in the process of mass production of cos-
metic extracts from the point of view of standardization. Therefore, growing conditions, 
climatic fluctuations, seasonality must be taken into account in the process of developing 
cosmetic lines [5,11,12]. 

The biodiversity of microalgae is enormous, with more than 50,000 different micro-
algae species, and only a modest portion of these species have been more or less studied 
[1,9,13]. Such diversity implies a large application potential that has yet to be exploited. 
Microalgae are a rich source of various compounds of commercial interest [14], especially 
for cosmetics (Table 1), the production of purified pigments, polysaccharides, fatty acids 
and bulk biomass [4,15]. Some of the interesting molecules or compounds, such as pig-
ments, vitamins, fatty acids, and proteins, are of a primary nature, while others are sec-
ondary metabolites. Most of the commercially promising active substances of microalgae 
are secondary metabolites that accumulate in cells under unfavorable environmental con-
ditions for growth [16,17]. Some of the metabolites have a chemical structure that is not 
found in terrestrial organisms and has a function that is not yet understood. The high 
potential of microalgae as raw materials for the pharmaceutical and cosmetic industries is 
associated with the presence of substances serving for environmental stress acclimation 
that have formed during evolution [18].  

 Table 1. Raw materials from microalgae and their suppliers [19]. 

 
The cultivation of microalgae is generally simpler and often cheaper than that of het-

erotrophic microorganisms. It can be economically efficient, since microalgae can grow 
autotrophically [2,3]. Cultivation in bioreactors makes it possible to obtain more stand-
ardized raw biomass whose quality is less dependent on seasonal factors [20-22]. 

World scientific community has rapidly accumulated extensive information on the 
chemistry and diverse effects of substances and metabolites of microalgae (see [7,8,23] and 
references therein). Many substances of microalgal origin found extensive use in the cos-
metic industry, the list of extracts and individual chemicals isolated from them thoroughly 
tested for safety and effectiveness is not yet very large [24]. Although excellent reviews of 
individual microalgal cosmeceutical groups exist (see e.g. [25-30]), here we covered all 
most important classes of such compounds of cosmeceutical relevance [31] linking the 
patterns of their composition and accumulation with the relevant aspects of the biology 
of microalgae. 

2. Inorganic substances 

Microalgae Raw Materials Suppliers 
Phaeodactylum tricornutum Megassane Soliance 

 Depollutine  
Skeletonema costatum Costalane Soliance 
Pyrocystis noctiluca  Microphyt 

Chlorella Dermochlorella D Codif 
 Dermochlorella DP Codif 
 Agility chlorella Roquette 
  Setalg 

Odontella  Innov’alg 
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Mineral substances are accumulated by cells of microalgae and in the extracellular 
matrices in the form of ions, insoluble salts and, in part, in the form of organometallic 
compounds. In general, 75 to 85% of the mineral substances are water-soluble salts and 
15-25% are salts insoluble under physiological conditions. Inorganic substances, primarily 
iodine and zinc, are the constituents of enzymes, vitamins, pigments, and regulatory mol-
ecules orchestrating vital functions of algal cells [26]. Some trace elements in algae are 
ubiquitous: iodine, zinc, chromium, nickel, aluminum, boron, potassium, sodium [26]. 
Their biological role has not yet been fully studied and their pertinence to certain cellular 
structures is not always clear. Algae can bioconcentrate and bioaccumulate, concentrating 
and accumulating mineral substances in the layers in bioavailable form. the concentration 
of some mineral substances in tissues is tens (calcium), hundreds (bromine, chromium) 
and thousands (zinc, barium, iodine) times higher than their content in seawater. Micro-
algae live in a wide variety of biocenoses, so their mineral composition is closely related 
to that of their habitat [26]. 

3. Structural and reserve polysaccharides 
The bulk of the carbohydrates that make up algae are polysaccharides—up to 55% of 

the dry matter [3,27]. Their high content is explained by the importance of their functions 
in microalgal cell: structural support and storing of carbon reserves. A widespread struc-
tural polysaccharide, cellulose is a major component of cell wall of many algal species (3–
18% of the cell dry weight). It is a linear homopolymer of 300-10000 β-glucose molecules 
linked by β-1-4 glucoside bonds. The cellulose filaments are hold together by hydrogen 
bonds, which gives the cellulose greater mechanical strength and elasticity. It does not 
break down when heated to 200° C, it is insoluble in water and weak acids [27]. Other 
frequently encountered polysaccharides of microalgae are divided into two groups ac-
cording to the type of sugar bonds in their polymer chains. These are α-1,4-glucans (starch 
and floridean starch) and β-1,3-glucans (chrysolaminarin and paramylon) [27]. α-glucans 
such as α-1,4-glucans are found in green, char, glaucophyte, dinophyte, cryptomonad, red 
microalgae as well as in cyanobacteria. The latter are characterized by a high degree of 
branching resembling in this regard glycogen, the evolutionary oldest reserve glucan [27]. 
Cryptomonad starch, as in red algae, contains more amylopectin (branched molecules 
with α-1,4 and α-1,6 bonds) than amylose (linear chains with α-1,4 bonds). Starch of green 
and char algae contains both amylose and amylopectin [3]. It differs from the starch of 
higher plants by a lower molecular weight of amylose and amylopectin and a smaller size 
of granules. In cosmetics, mostly α-1,4- and α-1,6-glucan are used [14]. 

β-1,3-glucans e.g. paramylon are synthesized by euglenophytes and Pavlova from 
haptophytes. Thus, representatives of the genera Astasia and Euglena accumulate paramy-
lon to more than 50 % of the cell dry weight. Chrysolaminarin is a water-soluble glucan, 
a reserve product of golden, yellow-green, and diatom microalgae. This is a colorless sub-
stance similar to laminarin of kelps [27]. Microalgae also contain more exotic chemically 
modified (e.g. sulfated) polysaccharide species with unique physical and chemical prop-
erties valued in the cosmetic industry [32,33]. Although many of these polysaccharides 
are scarcely characterized from the chemical point of view, they are vigorously used as 
cosmeceutical ingredients [27]. 

4. Microalgal lipids 

4.1. Long-chain polyunsaturated fatty acids 
Microalgae represent an important “green” source of lipids enriched in biologically 

active long-chain polyunsaturated fatty acids (PUFA) such as γ-linolenic (GLA), arachi-
donic (ARA), and eicosapentaenoic (EPA), docosahexaenoic acid (DHA), and stearidonic 
acid (SDA) fatty acids exerting vitamin F activity [28,34-37]. The lipids are divided into 
neutral and polar species. Neutral lipids are mainly triacylglycerides, which are mainly 
accumulated in chloroplast or cytosolic lipid bodies, frequently accumulated by 
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microalgae in response to stresses [38,39]. Under those conditions, lipid content in oleag-
inous microalgae such as Schizochytrium sp., Pavlova lutheri, Isochrisis and Nannochloropsis 
microalgal cells can reach 50-70% of cell dry weight. Lobosphaera incisa is capable of accu-
mulating ARA up to 60% of total fatty acids [40,41], see also Figure 1. Certain microalgae 
species are known to accumulate EPA and DHA (EFA) up to several percent of the dry 
cell mass [42]. Microalgae commercialized for their essential PUFA include representa-
tives of the genera Crypthecodinium, a traustochytrid Schizochytrium, and an ameboid Ulke-
nia (strictly speaking, the latter two species are not microalgae but they remain the im-
portant organisms within the framework of microalgal biotechnology). Thus, the genus 
Schizochytrium is a rich source of DHA (up to 37.7% of the total fatty acids) tested for safety 
[28,35]. Microalgae such as Rhodomonas salina, Tetraselmis suecica, Thalassiosira pseudonana, 
Phaeodactylum tricornutum, Porphyridium cruentum, N. oculata, N. gaditana are also inten-
sively studied as potential sources of PUFA [10,41]. Thus, a high content of EPA was found 
in red microalgae where eicosapentaenoic acid can reach 50% of the total fatty acids 
[43,44]. 

 

Figure 1. Accumulation of lipids enriched with arachidonic acid in nitrogen-deprived Lobosphaera incisa. The electron mi-
crograph of L. incisa cells filled with oil bodies (electron-dense round-shaped structures). 

Accumulation of PUFA can be enhanced through the exposure of microalgae to var-
ious abiotic stresses, such as extreme salinities, temperatures, shortage of N and P in the 
medium. Low-temperature stress for algae is one of the effective strategies for increasing 
PUFA. As part of the adaptation to low temperature, microalgae increase the production 
of PUFA to maintain membrane fluidity. The microalgae P. lutheri and P. tricornutum show 
an increase in EPA content by about 20–30% with a decrease in the cultivation temperature 
to 15°C and 10°C, respectively. On the other hand, high PUFA levels are observed when 
microalgae harboring them are grown under favorable conditions if these PUFA are in-
corporated into structural lipids [45]. Crypthecodinium cohnii ATCC 30556 when grown in 
a medium with 0.9 % NaCl gives the highest DHA yield of 131.55 mg L–1. Collectively, the 
microalgal oils featuring a high content PUFA is a feasible alternative to fish oil (ca. 100 
mg g–1 DHA, ca. 180 mg g–1 EPA). Many more exotic microalgal species including those 
from Dinoflagellata, Bacillariophyceae, and Prymnesiophyceae accumulate lipids harboring 
GLA, ARA, EPA and DHA in biotechnologically significant amounts [28]. The production 
of "algal oil" by biotechnological methods for the purposes of the food and cosmetic in-
dustry is approved for certain microalgal species: Porphyridium cruentum, Cryptecodinium 
cohnii (USA), Schizochitrium sp. (USA), Ulkenia sp. (Germany) [46-48]. Cultivation of the 
microalgae in bioreactors under controlled conditions provides the lipid extracts which 
are more uniform in their PUFA profiles. 

Docosahexaenoic acid is essential for humans as a major PUFA of brain cell mem-
brane lipids, retina, heart muscle, and sperm; it is also important for the development of 
young children [8,14,15,35]. Consumption of lipids enriched in polyunsaturated fatty ac-
ids such as DHA and EPA diminishes risk of cardiovascular and inflammatory diseases 
[36].  
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In the cosmetic industry, the "algae oil," a concentrate of the essential ω-3 and ω-6 
PUFA is becoming more widespread. For the production of infant formulae, "algae oil" 
from the dinoflagellate Cryptecodinium cohnii is used (30% PUFA of cell dry weight with 
DHA comprising ca. 50% of the total PUFA). The technology for obtaining DHA from 
Cryptecodinium by Marthek company (USA) is based on aseptic heterotrophic cultivation 
of the proprietary algal strain. OmegaTech (USA) produces a cheaper "algal oil" from 
Schizochytrium sp. (branded "DHA Gold"), which is approved for the production of 
nutraceuticals and food products and is used in skin care products, especially natural cos-
metics. German company Nutriniva processes produces DHA from Ulkenia sp. (branded 
"DHA Active") [48]. Food supplements containing microalgal DHA used for the preven-
tion and treatment of diseases associated with impaired brain activity, heart attack, age-
related visual impairment and are in high demand [37,46]. EPA from P. cruentum, Ph. tri-
cornutum, I. galbana, Nannochloropsis sp., and Nitzshia laevis is sought after for the preven-
tion and treatment of lipid metabolism disorders. In cosmetics, the product is an im-
portant ingredient for restoring the water-lipid mantle of the skin [22,46,47]. 

4.2. Microalgal phytosterols 
Sterols perform a variety of functions in marine organisms, including chemical de-

fenses against attack by other organisms. Such bioactive molecules as steroid hormones, 
bile acids, various biotoxins including steroid and triterpene saponins, can be considered 
as products of biotransformation of sterols. The content of sterols in algae follows a sea-
sonal trend. The structural closeness of algal sterols to the sterols commonly used in cos-
metic chemistry allows to use them as emulsion bases and raw materials for obtaining, for 
example, vitamin D and creating new medical preparations and cosmetics on their basis.  

Microalgal sterols can be components of the cell wall, for example, in I. galbana and 
P. lutheri. The main sterols of these microalgae include lionasterol, 4-α-metilporiferast-22-
enol, porifrasterol, methylpavlovol and epicampisterol. Thus P. lutheri can produce sig-
nificant amounts of sterols (ca. 100 mg g–1 total cell lipids) which can be further increased 
by UV exposure of the microalga [28,49]. 

Algal sterols are promising precursors for synthesis of other sterols which are in high 
demand, for example active forms of vitamin D, or as part of emulsion bases in the pro-
duction of soft dosage forms and are potential agents for the treatment of atherosclerosis 
and have antitumor and anti-inflammatory effects. Thus, desmosterol of microalgae is a 
versatile precursor giving rise to many biologically active steroids [3,34].  

5. Pigments 

5.1. Chlorophylls 
Chlorophylls (Mg-porphyrin-polyisoprenoids) are pigments that absorb light in the 

blue and red regions of the visible spectrum. They are central to photochemical conversion 
of light energy in photosynthesis. Within photosynthetic cells, chlorophylls are always 
bound to proteins. Chlorophylls a, b, d, and f have a long apolar phytol chain lacking in 
chlorophylls c. All microalgal taxa contain chlorophyll a whereas the composition of ac-
cessory chlorophylls depends on the algal group [9,50]. 

The antimicrobial, anti-inflammatory effect of chlorophyll-based drugs, their ability 
to stimulate not only hematopoiesis, but also the healing of wounds and ulcers, has long 
been known. As an antiseptic additive, chlorophyll is popular in cosmetics for oily skin, 
skin with acne, and care products for oily scalp [3,6,51]. The chlorophyll derivatives 13-
hydroxy-phaeophytin and 13-hydroxy-phaeopharnesin isolated from the cyanobacterium 
Spirulina and green microalga Chlorella demonstrated a significant lipid-reducing activity 
in the model of differentiated adipocytes 3T3-L1. Experimental data suggest that these 
compounds are promising for development as a nutraceutical with a lipid-control activity 
or a cosmetic ingredient with lipolytic activity [51]. 
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The pronounced deodorizing properties of chlorophyll derivatives were the basis for 
their widespread use as an active component of hygiene products used for oral care, deo-
dorants in natural cosmetics. In the cosmetics of the natural direction of skin care, chloro-
phyll is also used as a pigment. Production of chlorophyll-based cosmeceutical additives 
is a very promising direction for substituting the chlorophyll preparation from higher 
plants. 

5.2. Carotenoids 
Carotenoids—natural pigments that convey yellow, orange, or red hue to the organ-

isms containing them. Chemically, they are a class of tetraterpenoids with a C40 backbone 
ubiquitously present in the photosynthetic apparatus of plants and microalgae [25,52]. 
Carotenoids are divided into carotenes, the hydrocarbons devoid of oxygen, and xantho-
phylls, which contain oxygen [25,29,30,52]. Around 750 natural carotenoids were isolated 
from various biological sources, of which about 200 are found in algae; nearly 30 of them 
are involved in photosynthesis of microalgae [25,53]. These are among the most diverse 
and widespread pigments in nature (Table 2).  

Table 2. Distribution of carotenoids in microalgae (modified from [53]). 

Division Carotene  Xanthophyll 
Class β1 α Ze Vi Ne Da Dd Fx Va Lu Lo Sx Other 

xanthophyll(s) 

Cyanophyta H L H          No, L; Ec, H; 
My, H 

Glaucophyta H  H           

Rhodophyta H  H           

Cryptophyta  H L          Al, L; Cr, L; 
Mo, L 

Heterokontophyta              

Chrysophyceae H  L   L L H L     

Raphidophyceae H  H L  L L L      

Bacillariophyceae H  L   L L H      

Xanthophyceae 

Eustigmatophyceae 

H 

H 

 L  
H 

 H H   
L 

   Va-FA, L 

Haptophyta H  L   L H H     Fx-FA, L 

Dinophyta L  L   L H L     Pe, H 

Euglenophyta H  L  L L H    L L  

Chlorarachniophyta H  L L L     L L  Lo-FA, L 

Chlorophyta              

Prasinophyceae H L L H H     L L H Pr, L; Lo-FA, 

L; Sx-FA, H 

Chlorophyceae H H L H H     H L L Sx-FA, L 

Trebouxiophyceae H  L H H     H    

Charophyceae H  L H H     H    
1H, Major carotenoid in most species of the class; L, Low content in most species or major carote-
noid in some species. α, α-carotene; β, β-carotene; Al, alloxanthin; Cr, crocoxanthin; Da, diatoxan-
thin; Dd, diadinoxanthin; Ec, echinenone; -FA, fatty acid ester; Fx, fucoxanthin; Lo, loroxanthin; 
Lu, lutein; Mo, monadoxanthin; My, myxol glycosides and oscillol glycosides; Ne, neoxanthin; No, 
nostoxanthin; Pe, peridinin; Pr, prasinoxanthin; Sx, siphonaxanthin; Va, vaucheriaxanthin; Vi, 
violaxanthin; Ze, zeaxanthin. 
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Carotenoids are biologically active compounds whose main functions in photosyn-

thetic organisms are light harvesting for photosynthesis and photoprotection [25,52]. In 
addition, they have antioxidant, antibacterial, antiviral, antifungal, anti-inflammatory, 
and antitumor properties [30,54]. Carotenoid also found extensive use in the food, medi-
cines, and cosmetics industry due to their beneficial effects on human health [3,6,30]. The 
antioxidant activity of carotenoids determines it application as functional food and cos-
metics ingredients and safe colorants [55]. The bioavailability of carotenoids is enhanced 
when they are combined with dietary lipids. Currently, carotenoids derived from micro-
algae dominate certain segments of the natural pigment market [30]. Overall, microalgal 
carotenoid production is considered as an important business opportunity for the 
healthcare and cosmetics industry of the future. The main carotenoids that are currently 
commercially used in the world are β-carotene, astaxanthin, lutein, canthaxanthin, ze-
axanthin, and fucoxanthin [25,29]. In addition, lycopene and cantaxanthin are also bio-
technologically important carotenoid species. 

Natural carotenoids occur in microalgae as a mixture of cis-trans and optical isomers 
whereas synthetic carotenoids are mostly or exclusively represented by the trans isomers. 
Natural carotenoids are preferred in cosmetic applications over their synthetic counter-
part due to safety and bioavailability problems of the latter.  
5.2.1. β-Carotene 

β-Carotene is a yellow-orange strongly apolar carotenoid. It is synthesized by photo-
synthetic organisms, participates in the photoprotection of chlorophyll and the prevention 
of damage to cell DNA by active oxygen forms [56,57]. Microalgae normally accumulate 
the carotenoids as photosynthetic pigments to 0.1–2% of cell dry weight. By contrast, sec-
ondary carotenoids including β-carotene are accumulated in the lipid globules of the chlo-
roplast and cytoplasmic oil bodies facilitating the photoprotection of the cell [56,58,59]. In 
nature, β-carotene is the most common precursor of vitamin A and a powerful antioxidant 
(but prone to exert a prooxidant activity under certain circumstances) [54]. β-Carotene is 
used as a food coloring agent, in medicine, nutraceuticals, cosmetics and feed [30]. 

Commercial production of microalgal β-carotene employs diverse technologies from 
the relatively primitive cultivation of algae in shallow ponds to the intensive cultivation 
of in advanced bioreactors. β-Carotene from Dunaliella salina (Figure 2) was the first prod-
uct commercially obtained from microalgae [60,61]. The content of β-carotene in the bio-
mass of D. salina reaches 10-14% under stressful conditions. Approximately a half of the 
natural pigment is represented by its 9-cis-isomer, which has a higher antioxidant activity. 
Commercial companies producing β-carotene from microalgae include Aqua Carotene 
(USA), Cognis Nutrition & Health (Australia), Cyanotech (Hawaii, USA) and Parry 
Nutraceuticals (India).  

   
Figure 2. Changes in the cell morphology of Dunaliella salina (from left to right) in the course of high-light and salinity 
stress induced accumulation of β-carotene. Courtesy of Dr. Elena Seliwanova. 

5.2.2. Astaxanthin 
Astaxanthin (3,3-dihydroxy-β-carotene-4,4-dione) is an oxygenated derivative of β-

carotene. It is found naturally in a wide variety of living organisms, including microalgae, 
fungi, plants, seafood, and some birds such as flamingos and quails; this carotenoid gives 
salmon, shrimp, and lobsters their distinctive coloration [30,62]. Astaxanthin is associated 
with a unique natural phenomenon—red snow, observed high in the mountains and in 
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the circumpolar regions of the Earth. The unusual reddish or pink color of snow is due to 
the mass reproduction of one of the species of Chlamydomonas (Chlamydomonas nivalis). In 
addition to the green pigment chlorophyll, the cells of this algae contain astaxanthin. Un-
like many species of freshwater algae, Chlamydomonas nivalis prefers cold environmental 
conditions and thrives at temperatures below freezing. The extremophilicity and hence a 
high stress resilience of the microalgae is a good marketing legend for the cosmetics in-
dustry, where Chlamydomonas nivalis extracts are offered for skin care products [32]. 

Two oxygen-containing groups (keto- and hydroxyl groups) are present on each ter-
minal rings in astaxanthin molecule increase its antioxidant efficiency and gives it a char-
acteristic absorption spectrum and hence the deep red color. The natural pigment repre-
sented mainly by the 3S,3′S isomer, also exceeds in antioxidant activity its synthetic coun-
terpart which is a racemate comprised by all possible optical isomers [63].  

Antioxidant activity of astaxanthin exceeds considerably that of other carotenoids 
such as β-carotene, protecting the lipid structures of the cell, especially cell membrane 
phospholipids. The unique structure of astaxanthin facilitates its accumulation in cell 
membranes. Unlike other antioxidants, which are located either inside or outside the lipid 
bilayer of the membrane, astaxanthin molecules have a unique ability to be located both 
inside and outside the membrane protecting it from charged and uncharged reactive ox-
ygen species (ROS) [64-66]. Astaxanthin protects microalgal cells from exposure to high 
light intensity and from harmful UV radiation decreasing the formation of ROS. This is 
also the basis for the use of Hematococcus extracts in protective skin care products [67,68] 

Unlike β-carotene, astaxanthin is not a precursor of vitamin A, so 20 mg d–1 it can be 
taken up safely without the risk of side effects associated with vitamin A overdose. 
Astaxanthin has a pronounced anti-inflammatory and antitumor effects and a rare ability 
to penetrate the blood-brain barrier. The latter characteristic determines its efficiency in 
prevention and treatment of diseases of the central nervous system [68,69]. For commer-
cial cosmeceutical use, astaxanthin is used in various forms, such as pills, capsules, syrups, 
oils, soft gels, creams, biomass, and granular powder [14,67,70]. 

Microalga Haematococcus pluvialis (Figure 3) is the most widely used as a producer of 
natural astaxanthin although other microalgal species including Botryococcus braunii, Chla-
mydomonas nivalis, Neochloris wimmeri, Protosiphon botryoides, Scotiellopsis oocystiformis, 
Chloromonas nivalis, and are capable of synthesizing astaxanthin [71]. Astaxanthin is syn-
thetized via the isoprenoid pathway. In Haematococcus, astaxanthin is predominantly es-
terified by fatty acids (C16:0, C18:2, and C18:1 [72,73]). Under stressful conditions such as 
nitrogen depletion, high light intensity or salinity H. pluvialis can accumulate astaxanthin 
up to 5-6% of the cell dry weight. The stresses promote the transition of the green vegeta-
tive cells into the astaxanthin-rich resting haematocysts [74,75]. 

  
(a) (b) 

Figure 3. Accumulation of astaxanthin in Haematococcus pluvialis. (a) Green vegetative cells where accumulation has just 
begun. (b) Astaxanthin-rich haematocysts. 
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Astaxanthin patents are related to food, feed, and nutraceuticals, which are currently 
the main market driver for the pigment. Alga Technologies (Israel), Cyanotech (Israel), 
Jingzhou Natural Astaxanthin Inc (China), Algaetech International (Malaysia) and Parry 
Nutraceuticals (India) are the main suppliers of microalgal astaxanthin on the market 
[14,67]. In 1999, astaxanthin was approved by the US FDA as an effective dietary sup-
plement with powerful antioxidant properties. Currently, astaxanthin derived from 
Haematococcus accounts for several % of the carotenoid market [76,77]. The current market 
price of natural astaxanthin varies widely depending on its purity and constitutes, on an 
average, several thousand US $ per kilogram. Synthetic astaxanthin is predominantly 
used now as a feed additive in aquaculture, mainly consumed by the salmon feed indus-
try, due to cost considerations. Natural astaxanthin is of commercial importance as a food 
coloring agent and a cosmetics ingredient. 
5.2.3. Lutein and zeaxanthin 

Lutein (β,ε-carotene-3,3-diol) is a yellow pigment from the xanthophyll family. It is 
synthesized only by plants (leafy vegetables) and microalgae. Lutein is an accessory pig-
ment associated with light-harvesting antenna, it also protects cells from photo-oxidative 
damage [6,78]. Lutein and a structurally close to it zeaxanthin [5,6,78] help to maintain 
normal vision and are the only carotenoids found in the retina and lens of the eye. Their 
depletion is associated with age-related macular degeneration [3,73]. Green microalgae 
such as Muriellopsis sp., Scenedesmus almeriensis, Coccomyxa acidophila, and Chlorella proto-
thecoides produce significant amounts of lutein. The highest yield of lutein in microalgae 
is observed under favorable conditions or slight limitation by light conductive for the de-
velopment of the light harvesting antenna. Microalgae is a sustainable and effective alter-
native source of the xanthophyll, as it yields three to six times more lutein than its com-
mon source—Calendula or Tagetes petals. However, production of lutein from microalgae 
on an industrial scale is still in its infancy. 
5.2.4. Fucoxanthin 

Fucoxanthin is one of the most abundant carotenoids constituting more than 10% of 
the total carotenoids in marine environment. It is an accessory pigment in chloroplasts of 
brown algae, phytoplankton, brown seaweed, and diatoms giving them a brownish or 
olive-green color. The microalgae Phaeodactylum tricornutum and Isochrysis galbana are the 
main commercially significant producers of fucoxanthin. Structural peculiarity of this pig-
ment includes the presence of an unusual double allyl carbon and two hydroxyl groups, 
which are thought to increase its high energy transfer efficiency (80%) and a strong anti-
oxidant activity. Fucoxanthin beneficial effects include antioxidant, antitumor, antidia-
betic, and other activities [14,30,79]. In cosmetics, it is used to whiten and improve the 
condition of the skin, as well as a natural antioxidant and lipolytic agent. 

6. Mycosporin-like amino acids (MAA) 

6.1. Structure and functions of MAA 
Mycosporin-like amino acids (MAA) are secondary metabolites found in marine or-

ganisms of any climate zone including microalgae, especially affected by high fluxes of 
solar radiation or hypersaline conditions [80-83]. In the course of evolution, cyanobacteria 
acquired UV-protective mechanisms, one of which is based on UV blocking by MAA. 
Over the past 30 years, cyanobacteria from the orders Synechococcales, Chroococcales, 
Oscillatoriales, and Nostocales have been studied for the presence of new MAA, while the 
orders Gloeobacterales, Spirulinales, Pleurocapsales, and Chroococcidiopsidales remain 
scarcely studied in this regard. The genera Nostoc and Anabaena are currently the most 
studied cyanobacterial taxa—sources of MAA. Currently, there are 20 different types of 
MAA of cyanobacterial origin.  

MAA are low molecular (normally < 400 Da), colorless, uncharged, water-soluble 
molecules. MAA possess a similar backbone but differ in functional groups, they include 
cyclohexenone or cyclohexenimine ring conjugated with an amino alcohol group or a 
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nitrogen subgroup of an amino acid [82]. Amino cyclohexenone derivatives contain cy-
clohexenone conjugated with an amino acid, examples include mycosporin-glycine (Myc-
Gly), mycosporin-taurine (Myc-Tau). Derivatives of amino cyclohexeneimine include shi-
norin (SH), porfira-334 (PR), usujiene (Usu), asterina-330 (AS), palitin (PI), mycosporine-
2-glycine (Myc-2-Gly) and many other molecular species (see Figure 4 and [84]).  
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Figure 4. Typical mycosporin-like amino acids and their absorption maxima. 

Prolonged exposure to ultraviolet (UV) radiation causes photo-aging of the skin and 
a number of other disorders, including sunburn, fine and coarse wrinkles, and increases 
the risk of skin cancer. Sunscreens are commonly applied to reduce the harmful effects of 
UV on the skin. Recently, there has been a growing demand for replacing chemical sun-
screens with natural UV-absorbing compounds. MAA are promising alternative UV-ab-
sorbing compounds of natural origin which are highly soluble in water and do not gener-
ate ROS upon absorption of UV radiation. More than 30 MAA from various organisms 
have been characterized [81]. In addition to photoprotective properties, there is substan-
tial evidence that MAA protect against skin aging, can exert antioxidant, anti-inflamma-
tory activity; MAA can also inhibit protein glycation and collagenase activity. They are 
considered to be anti-aging components [85]. One of the most potent compounds in terms 
of anti-aging activity is mycosporin-2-glycine (M2G). 

The exact role of MAA in living organisms is still being debated. They are character-
ized by high biological activity, but most studies on MAAs focus on their photoprotective 
ability [18]. Their alternative functions include osmotic regulation, reproduction control, 
nitrogen storage in the cell, and ROS elimination. It is assumed that MAA exhibit strong 
antioxidant activity by interacting with ROS, originating also from endogenous photosen-
sitizers [86]. Its high antioxidant efficiency is probably associated with a lower reduction 
potential and a greater ability to release electrons to stabilize and inactivate free radicals 
[85]. 

6.2. MAA as sunscreens 
Exposure to sunlight might be harmful depending on the amount of absorbed radia-

tion and the depth of its penetration to skin. Shorter UV-B waves are absorbed mainly by 
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keratinocytes of the stratum corneum (SC) of the skin to a depth of 160-180 mµ, and longer 
UV-A waves penetrate deeper to about 1 mm, thus reaching the dermis layer. UV overex-
posure leads to diverse skin damages. The most noticeable include sunburn, erythema, 
edema, blisters, sunburn cell formation (SBC), phototoxic reactions, photoallergy, photo-
sensitivity, and acute photoimmunosuppression [87].  

A promising alternative to existing chemical and physical sunscreen filters is the use 
of multifunctional MAA, which are also suitable for cosmetics formulations [88]. Experi-
ments with cell culture models demonstrated beneficial effect on fibroblast growth in 3T3 
mice exposed to UV-A radiation and UV-protective effects in HaCaT cell line [89]. Appli-
cation of MAA prevented the UV-induced reduction of trans-urocanoic acid and UV-stim-
ulated histidine build-up. A crude methanol extract of cyanobacterium Aphanizomenon 
flos-aquae enriched in MAA showed a level of UV-A protection as compared to a com-
mercial skin care product with a sun protection factor SPF = 4 and a UV-A/UV-B protec-
tion ratio of 0.95 [90].  

6.3. MAA for prevention of photoaging 
The anti-photoaging activity of MAA is thought to be related with reduction lipid 

peroxidation, a determinant of the aging process [91]. Application of 0.005% MAA in lec-
ithin liposomes on the inner side of the forearm inhibited UV-A-stimulated lipid peroxi-
dation by 37%, four-week treatments improved the skin elasticity and smoothness by 10% 
and 12%, respectively [92]. The tested MAA formulation was as effective as the standard 
cream containing 1% synthetic UV filters, Parsol® 1789 and 4% UV-B filters, Neo Heli-
opan® AV [92]. MAA also inhibited the UV-enhanced activity of elastase, which leads to 
the decomposition of elastin and the formation of wrinkles by 82.5% as compared to un-
protected UV-A irradiated cells [93]. In addition, MAA can protect the skin from photoag-
ing by regulating the expression level of genes associated with inflammation, such as 
COX-2. Treatment of the model cells with Myc-Gly caused a two-fold decline in COX-2 
mRNA levels [85].  

7. Conclusions and outlook 
Microalgae are naturally equipped in terms of metabolic plasticity to cope with di-

verse stresses. They synthesize a broad spectrum of molecules exerting potent beneficial 
effects on many aspects of human body functioning. This is scarcely surprising given that 
many of the stress-induced deleterious process in the human body and in a photosynthetic 
cell are mediated by the same mechanisms such as free-radical attacks and lipid peroxi-
dation. It is also worth noting that the photosynthetic machinery of microalgae is always 
at risk of oxidative damage since high redox potentials and reactive molecules are con-
stantly generated during its functioning. These risks are kept at bay by efficient ROS elim-
ination systems including potent low-molecular antioxidants.  

Therefore, photosynthetic organisms are a rich source of substances with a great po-
tential for curbing the negative effects of stresses acting of human skin cells on a day-to-
day basis. In many cases these compounds appear to be less toxic, allergenic and, in gen-
eral, more “biocompatible” than most of their synthetic counterparts. Although a dra-
matic diversity of cosmeceuticals was discovered in macrophyte algae, single-celled algae 
are on the same level or even surpass them in this regard. At the same time, the large-scale 
biotechnological production of the microalgal biomass enriched with the cosmeceutical 
compounds is more technically feasible and economically viable than that of macrophyte 
biomass, although with certain reservations (Figure 5). 

 
STRENGTH WEAKNESSES 

 Ample diversity of microalgae 
and their metabolites 

 High production costs 
 Low robustness of cultivation 
 Complicated and expensive 

downstream processing 
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 Natural “green” sources of the 
cosmeceuticals and consumer en-
thusiasm 

 Synergistic effects (e.g. carote-
noids + lipids)  

 Climate limitation for open culti-
vation system 

OPPORTUNITIES THREATS 
 Growing market 
 Cultivation and downstream pro-

cessing technology progress 
 Increasing end-user awareness 
 Strain improvement 
 Combining natural and synthetic 

production 

 Legal problems (stringent regula-
tions) 

 Strong competition from low-cost 
producers and synthetic ana-
logues 

 Seasonal dependence of the bio-
mass quality and availability 

Figure 5. SWOT analysis of production of cosmeceuticals from microalgal sources (modified from 
[30]). 

Even such a brief review makes obvious the advantages and the potential of micro-
algal biotechnology for the “green” cosmeceutical production. However, a significant part 
of the chemo- and biodiversity of microalgae remains so far untapped. Consequently, bi-
oprospecting and biochemical characterization of new species and strains, especially those 
isolated from habitats with harsh environmental conditions is a major avenue for further 
research and development. As important is the development of efficient approaches to 
cost-effective cultivation of microalgae as well as induction, extraction, and purification 
of the cosmeceutical metabolites.  
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