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Abstract: In recent years, there has been considerable interest in using microalgal lipids in the food, 

chemical, pharmaceutical, and cosmetic industries. Several microalgal species can accumulate 

appreciable lipid quantities and therefore are characterized as oleaginous. In cosmetic formulations, 

lipids and their derivatives are one of the main ingredients. Different lipid classes are great 

moisturizing, emollient, and softening agents, work as surfactants and emulsifiers, give consistence 

to products, are color and fragrance carriers, act as preservatives to maintain products integrity, and 

can be part of the molecules delivery system. In the past, chemicals have been widely used but 

today’s market and customers’ demands are oriented towards natural products. Microalgae are an 

extraordinary source of lipids and other many bioactive molecules. Scientists’ attention to 

microalgae cultivation for their industrial application is increasing. For the high costs associated, 

commercialization of microalgae and their products is still not very widespread. The possibility to 

use biomass for various industrial purposes could make microalgae more economically 

competitive. 
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1. Microalgae 

Microalgae are microscopic unicellular organisms with several sizes, structures, and 

forms [1–3]. The “microalgae” term ties together photosynthetic prokaryotic and 

eukaryotic microorganisms that grow rapidly and have the ability to live in different 

aquatic and terrestrial ecosystems. More than 50,000 species of them are known but a large 

number of microalgae remains still unexplored [4–6]. Microalgae differ from macroalgae 

commonly referred to as seaweed which are instead macroscopic and multicellular 

organisms [7]. 

The general term “algae” is not a taxonomic term, but is a common collective name 

for all the plant-like organisms which contain chlorophyll a, have oxygenic 

photosynthesis, and are not specialized land plants. There is no consensus among 

taxonomists around the world to use one classification system since these groups are 

revised continuously due to new genetic data. The current microalgal classification 

considers eight major phyla belonging to four kingdoms, Eubacteria, Protozoa, 

Chromista, and Plantae. The large majority of microalgae are nested in the Eukaryota 

domain and distributed in seven main phyla Euglenozoa, Cryptista, Haptophyta, 

Heterokontophyta, Glaucophyta, Rhodophyta, and Chlorophyta. Cyanobacteria are the 
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only representative phylum of microalgae in the Prokaryota domain. Despite the low 

representation in this domain, Cyanobacteria are among the most copious phylum 

alongside Chlorophyta and Heterokontophyta phyla [8,9]. One of the main characteristics 

of microalgae is their color determined by the presence of pigments such as chlorophylls, 

carotenoids, and phycobiliproteins, responsible for green, yellow/orange, and red/blue 

colors, respectively [7]. 

Microalgae use solar energy, water, and inorganic nutrients to reduce CO2 into 

complex organic compounds. Some of them also have the ability to use some organic 

carbon, so their cultivation can be performed into three modes: Photoautotrophy, 

heterotrophy, and mixotrophy [4]. Microalgae also require nitrogen, phosphorus, sulfur 

as macronutrients, and potassium, iron, magnesium, calcium, and other micronutrients to 

support physiological activities [10]. 

Microalgae as photosynthetic organisms and compared to higher plants, have greater 

annual photon to natural biomass conversion efficiencies and no natural sensibility to 

seasonality [11]. Their high photosynthesis efficiency tied with their rapid growth and the 

ability to accumulate a large number of bioproducts within their cells make them a 

suitable candidate to serve as industrial raw material [12]. Microalgae present an original 

chemical composition and many substances of high biological value: They can accumulate 

a high percentage of lipids and they are an unconventional source of proteins and amino 

acids. They typically have a high carbohydrates content and other valuable compounds 

such as vitamins, antioxidants, and minerals [13]. The extraordinary diversity and 

complexity of microalgae are due to the fact that they are one of the oldest life forms on 

Earth and they have evolved and adapted over billions of years [7]. Microalgae cultivation 

for human purposes became increasingly important, precisely for their variety. The mass 

microalgae cultivation started in the early 1960s in Japan with the culture of Chlorella. 

Mexico was the first in the early 1970s to grow and harvest Spirulina. The third major 

marketing area for algae was Australia, with the growth of Dunaliella salina for the 

production of β-carotene. Plants were then subsequently built in the USA, Israel, and India 

[14]. Today, the largest commercial production of microalgae is mainly located in Asia. 

Spirulina, Chlorella, Haematococcus, Dunaliella are some examples of microalgae that 

currently are used for commercial purposes [6]. 

Microalgae are presented as new model organisms for a wide range of 

biotechnological applications including human and animal nutrition, cosmetics, 

pharmaceuticals, CO2 capture, bioenergy production, and nutrient removal from 

wastewater [15–17]. The most important biological activities of natural products from 

microalga are antioxidant, anti-angiogenic, cytotoxic, anticancer, anti-obesity, and 

antimicrobial activities [16]. For these reasons, the mass culture and commercial 

production of microalgae have strengthened in the last few years but their industrial 

exploitation is at its early stages [4,6]. 

2. Lipids 

In the last few years, microalgae cultivation has focused on lipids production for 

commercial applications. Lipids are a diversified selection of compounds for which no 

internationally agreed definition occurs. Generally, they are chemically heterogeneous 

substances, insoluble in water, but soluble in non-polar solvents. Lipids all contain either 

fatty acyl/alkyl, sphingosine or isoprene fractions as their hydrophobic building blocks. 

According to their hydrophobic or amphipathic characteristics and chemically functional 

backbones, lipids have been classified into eight categories, fatty acyls, glycerolipids, 

glycerophospholipids, sphingolipids, sterol lipids, prenol lipids, saccharolipids, and 

polyketides, each of these eight lipid categories consists of further lipid classes and 

subclasses. [18–20]. Lipids are involved in many vital cellular processes. Lipids are the 

main constituents of biological membranes thanks to their hydrophobic nature, and 

therefore constitute the physical basis of all living organisms. Another task that lipids 

accomplish is the storage of surplus energy for later consumption. Finally, lipids also play 
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a role in extra and intracellular signaling processes, as they transduce signals and amplify 

regulatory cascades. In plants, lipids are also involved in the photosynthesis processes 

[21,22]. In addition to their role in the regulation of a variety of physiological processes, 

lipids are associated with abnormal metabolism in many diseases such as atherosclerosis, 

diabetes, obesity, Alzheimer’s disease, and tumorigenesis [23]. The rapid progress in 

analytical chemistry techniques, mostly chromatographic separation methods and mass 

spectrometry identification techniques, alongside the wide knowledge in bioinformatics, 

led to the development of “lipidomics”. Lipidomics is used to describe the complete lipid 

profiles and networks of cellular lipid metabolism within a cell, tissue or a biological 

system, and provides a powerful tool to quantify the changes in individual lipids that may 

help reveal lipid biomarkers in diseases, for example [24,25]. 

Alongside their biological importance, lipids are exploited for various commercial 

purposes. Lipids are a major component of food and their demand is increasing in food 

production and nutritional supplements for human food or animal feed, other important 

markets for oils are detergents, biofuels, lubricants, hydraulic fluids, inks, paints, and 

phytochemical compounds [26]. Growing consumer demand is increasingly oriented 

towards vegetal oils. An important aspect to consider is lipids susceptibility, strongly 

influenced by numerous factors. Most of all, lipids are prone to oxidation that negatively 

affects their biological activities. Oxidative stability depends on many intrinsic and 

extrinsic factors. First, variations in oxidative stability exist among different lipid classes. 

Oxidative susceptibility of lipids depends largely on the degree of unsaturation of fatty 

acids and the stereospecific positional distribution of fatty acids in the triacylglycerol 

(TAG) molecules. Environmental factors to which lipids are exposed during processing 

and storage may affect their oxidation rate. In addition, the presence of minor components 

in fats and oils also affects their oxidative stability in both positive and negative manners. 

Lipid oxidation has detrimental effects on food quality and human health, for example 

[27]. Therefore, it is necessary to minimize oxidation and improve the oxidative stability 

of lipid products. The addition of antioxidant or encapsulation strategies are techniques 

commonly employed for lipid molecules stabilization [28]. 

Plant-derived lipids are conventionally used to satisfy the high industrial request, 

particularly lipids derived from oilseeds such as palm, soy, rapeseed, and sunflower oils. 

The increasing lipid demand raised some questions, among them the reduced availability 

of cultivable lands and consumption of resources. Microorganisms represent a sustainable 

alternative to lipids sources. Both prokaryotic and eukaryotic microorganisms are known 

to produce lipids in different quantities and compositions [29]. When their lipid content 

exceeds 20% of dry biomass they are classified as “oleaginous”. The three different family 

groups of oleaginous microorganisms are microalgae, fungi (molds and yeast), and 

bacteria [30–32]. 

3. Lipids for Cosmetic Uses 

Cosmetics have always played an important role in society. They are stable and 

homogenized mixtures of substances, resulting from an exact combination of active 

principles, excipients, and additives that are respectively the ingredients responsible for 

the asserted cosmetic activity, the substances ensuring the desired pharmaceutical dosage 

form, and the substances added to preserve the product and to improve its organoleptic 

properties [33]. Cosmetics clean, perfume, protect or modify the appearance of the part of 

the human body where they are differently applied by rubbing, pouring, and spraying, 

such as epidermis, hair, nails, lips, external genital organs, teeth, mucous membranes of 

the oral cavity [34]. Therefore, the applications of cosmetics range from everyday hygiene 

products such as soap, shampoo, deodorant, and toothpaste to beauty items including 

perfumes and makeup. Cosmetics production is carefully regulated to ensure consumer 

safety [35]. Natural compounds have been used for these applications in the past but the 

cosmetic market progressively increased the use of many synthetic chemicals over time 

[36]. Mineral oils and waxes are examples of these. They are stable and dermatologically 
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well-tolerated compounds, used to regulate the viscosity of formulations and for 

protective and lubricating properties. Mineral oils and waxes are prepared from naturally 

crude petroleum oil through various refining steps including distillation, extraction, 

crystallization, and purification to remove potentially toxic substances. Moreover, mineral 

oils are non-allergenic, are highly stable, and not susceptible to oxidation or rancidity [37]. 

Although stringent regulations apply, many concerns emerge for the possibility to find 

hazardous solvents traces in final formulations and consequent risks for human health. 

Hence, the intention to replace them with vegetable oils, still not fully implemented 

because chemicals are more competitive economically. Many concerns are emerging for 

all chemicals: In some cases, safety data are lacking for synthetic ingredients and they 

might cause hypersensitivity reactions, anaphylactic reactions, lethal poisonings or long 

time effects to users. Systematic monitoring of these substances can be made by testing 

their genetic toxicity, phototoxicity, photogenotoxicity, toxicokinetics, and carcinogenicity 

and new studies might reveal different toxicity data. [38–41]. Furthermore, the daily use 

of many cosmetic products leads to continuous exposure to different chemicals. As a 

result, the synergistic interaction of different chemicals and additive action may occur due 

to the presence of the same ingredients in different products [42]. Due to these reasons, 

the need to substitute chemicals become increasingly imperative and lead cosmetic 

industries to incessantly look for innovations. One of the current challenges is finding 

natural ingredients to achieve customers’ requests more and more often oriented by 

increased awareness about the importance to use quality products and environmentally 

sustainable [43]. Marine sources and specifically algae represent valid alternatives of new 

raw materials [34,44–46]. Currently, macroalgae-based cosmetic products are present on 

the market and they are progressively substituting synthetic equivalent products. These 

products can contain macroalgal extracts with different bioactive compounds or their 

purified form. Active substances that lead to macroalgae utilization in cosmetics are 

extremely different (polysaccharides, proteins, peptides, amino acids, fatty acids, sterols, 

glycolipids, phospholipids, pigments, phenolic compounds, vitamins) although they are 

mostly used as thickening and gelling agents. The world of microalgae is still to be 

explored even if some ingredients derived from them are already on the market [47,48]. 

Lipids constitute one among the different categories of cosmetic ingredients (Table 

1). In addition to lipids of chemical origin, a wide range of vegetable and animal oils and 

fats can be used as neutral bases and bioactive ingredients but today the lipids and their 

derivatives in cosmetic formulations are of plant or biotechnological origin. The types of 

lipids commonly used in cosmetics include triacylglycerides, waxes, ceramides, 

glycerophospholipids, sterols, hydrogenated, esterified, and oxidized lipids [49–51]. 

Table 1. Properties and lipid molecules most common in cosmetic products. 

Properties Lipids 

Moisturizing and softening properties 
Hydrocarbons, fatty acids, fatty alcohols, 

triacylglycerols, waxes, phospholipids, sterols 

Surfactant and emulsifier agents 
Phospholipids, glycolipids, lipopeptides, fatty 

acids 

Texturizer agents Waxes, alkenones, triacylglycerols 

Color carriers Isoprenoids 

Fragrance carriers Essential oils, triacylglycerols 

Preservative agents Glycerolipids, sphingolipids 

Active ingredients 
Glycerolipids, sphingolipids, sterols, isoprenoids, 

flavonoids 

Molecule delivery Phospholipids 

Lipids perform different functions in cosmetic formulations. They are moisturizing 

agents that limit water loss through different mechanisms. The first way is occlusion, 

obtained by placing a waterproof film on the skin to delay water evaporation from the 
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surface. Substances typically used for these aims are hydrocarbons, fatty acids, fatty 

alcohols, vegetable waxes, phospholipids, and sterols. Another mechanism is realized by 

applying humectant substances to the skin surface to attract water. An additional form of 

moisturization is the use of hydrophilic matrices that forms a physical protective coating 

over the skin preventing evaporation. Then, photoprotection is considered an indirect 

form of moisturization using sunscreen ingredients that prevent cellular damage and 

related dehydration. 

Lipids are emollient and softening agents that make the skin smooth and soft. Skin 

softness and smoothness are due to the capacity of thin oily substances to temporarily 

deposit between corneocytes making their edges smoother. Skin radiance and luminosity 

are closely related to the smoothness of the skin surface since they depend on the amount 

of light reflected by the skin surface improving skin appearance [52]. 

Lipids are used as surfactants and emulsifiers, to reduce surface tension between the 

skin’s surface and product and to keep water and oil blended in a product. Surfactants 

reduce surface tension and facilitate the formation of emulsions between liquids of 

different polarities due to their chemical structure with hydrophobic and hydrophilic 

moieties. Their amphiphilicity performs detergency, wetting, emulsifying, solubilizing, 

dispersing, and foaming actions. In cosmetics, polyethylene glycol ethers are the most 

commonly used traditional commercial surfactants. Today, there is an increased use of 

biosurfactants, generally classified into glycolipids, lipopeptides, phospholipids, fatty 

acids, and polymeric compounds according to their chemical structures. The 

biosurfactants commonly used in cosmetics and personal care products are glycolipids 

due to their physico-chemical properties, biological activities, biocompatibility, and 

biodegradability and are used as multifunctional ingredients in the formulation of 

cosmetics. Sophorolipids, rhamnolipids, and mannosylerythritol lipids are the most 

known glycolipids with application to cosmetics and pharmaceutical technology [53,54]. 

Lipids can also function as texturizers, to give consistency to gel-like products to 

improve spreadability and feel consistency, and as color and fragrance carriers [49]. Color 

and fragrance are two important characteristics for cosmetics selection among consumers. 

Pigments are examples of lipid colorful molecules for industrial applications [48]. Instead, 

essential oils can impart pleasant aromas in different products, besides, they can act as 

preservatives and active agents and, simultaneously, offer various benefits to the skin [55]. 

As preservative carriers, lipids can prevent bacteria growth [49]. The use of preservatives 

in cosmetic formulations is for bacterial contamination risk during use. There are several 

examples of the use of lipids as part of a preservative system in cosmetics. In the past, 

lipids have been used as penetration enhancers in cosmetics and recently they have been 

used as nanoparticles such as solid lipid nanospheres, liposomes, nanosomes, and 

nanostructured lipid carriers for bioactive molecule delivery [56]. 

4. Microalgae as Lipids Bio-Factories 

Microalgae are a promising platform for a wide range of high-value compound 

production. The last decade has seen intensive interest in microalgal lipids that can be 

used in various fields, from food to chemical, pharmaceutical, and cosmetic. Microalgae 

can produce various types of lipids such as triacylglycerols, phospholipids, glycolipids or 

phytosterols, used for energy storage, as energy substrates, as structural components of 

the cell membrane, and for metabolic processes such as signal transduction, 

transcriptional and translational control, intercellular interactions, secretion, and transfer 

of vesicles. Typical lipid molecules found in microalgae are common in other high plants 

but there are some unusual lipids not present in other organisms [57]. 

Microalgae cultivation processes consist of many important steps to optimize the 

production of the desired amount of target products (Table 2). 
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Table 2. Microalgae cultivation process and aims of each stage. 

Microalgae Selection Cultivation Harvesting Extraction Purification 

Based on quality  

and quantity of  

lipids desired 

Balance between  

biomass production  

optimization and  

production costs 

Separation of growth  

medium and biomass 

Biomass pre-treatment 

(for cell wall breaking) 

and lipid recovery 

Removal of impurities 

 

 Open systems 

 Closed systems 

 Centrifugation 

 Filtration 

 Sedimentation 

 Coagulation 

 Flocculation 

 Foam flotation 

 Electric-based methods 

 Mechanical methods 

 Chemical methods 

 Physical methods 

 Filtration 

 Chromatographic 

methods 

The first step is the selection of microalgae species. The specific composition and 

quantity of lipids are species-dependent and common oleaginous microalgae are Chlorella 

sp., Nannochloropsis sp., Scenedesmus sp., and Dunaliella sp. [58–60]. A suitable microalgae 

selection is crucial for production since cultivation conditions, harvesting, and extraction 

methods change accordingly to improve production efficiency, yield, and quality of the 

products [40]. Depending on the species selected and the objectives to be achieved, 

cultivation conditions may vary. 

Currently, there are two primary types of mass-cultivation systems: Closed 

cultivation systems in photobioreactors and open cultivation systems in raceway ponds. 

The first allows controlling physical and chemical cultivation conditions such as 

temperature, pH, aeration, mixing, light intensity, and growth mode. In addition, 

photobioreactors allow monitoring possible contaminations but the capital, operational, 

and energetic costs remain significantly high. The second are less complex and require a 

lower capital investment, indeed microalgae are exposed to full sunlight and cultivated at 

high concentrations to maximize biomass productivity [11,61]. 

Microalgae accumulate lipids up to about 70–80% of their biomass weight under 

favorable conditions. In any case, the oil productivity of microalgae is higher if compared 

to the most commercially productive plant [59,62–65]. Even if the composition and 

quantity of lipids are species-dependent, the accumulation of lipids in microalgae can 

usually be induced by stress conditions. Under harsh environmental conditions, 

microalgae synthesize and produce various secondary metabolites to preserve their 

growth, among which lipids that act as an energy-rich carbon storage substrate that 

enables the cells to survive under transient extreme environmental conditions and 

additional amounts of carotenoids to alleviate the oxidative damage induced by stress 

conditions [66]. Although each species of microalgae has different optimal stress 

conditions for the overproduction of desired metabolites, the main external cultivation 

conditions affecting lipid productivity are light intensity, temperature, carbon dioxide, 

nutrient starvation, salinity stress, and metal stress. Stress conditions stimulate lipid 

production but might inhibit cell growth and induce oxidative damage. According to 

considerable analyses on technology and economy, a two-stage culture strategy can be an 

interesting way to enhance lipid productivity. In the first stage, the algae are cultivated 

under optimum conditions to promptly achieve an optimal cell density, in the second 

stage, cultivation conditions are changed to trigger the accumulation of lipids 

[59,63,64,66]. The stress caused by the depletion of the nutrients is a commonly used 

strategy to trigger the accumulation of energy storage metabolites such as lipids in 

microalgae [10]. In the literature, there are also several genetic approaches to increase lipid 

production of microalgae. Molecular approaches include random mutagenesis, genetic 

engineering including genome editing, and metabolic pathway engineering [59,67,68]. 

During microalgae cultivation, growth can be followed in several ways such as 

counting the total cells, through a particle analyzer, measuring the doubling time, and 
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biomass productivity. When the desired quantity of final product is reached, it is 

necessary to remove water from the culture media for biomass recovery. This important 

harvesting process can be performed through different solid-liquid separation techniques 

such as centrifugation, filtration, sedimentation, coagulation, chemical flocculation, foam 

flotation, electrical-based methods or a combination of various methods. Harvesting is an 

important and costly step in the large-scale microalgae cultivation process, which means 

that their use on an industrial scale is not economically sustainable [40,69]. 

The following step is the extraction of lipid products. In the literature, several 

techniques were reported for microalgal lipids extraction, mostly used for lipids recovery 

for biodiesel production [70]. No method can be considered effective as each microalga 

species has very specific characteristics. Typical conventional extraction methods include 

mechanical, chemical, and physical processes. The cell wall breaking is the key factor for 

the success of the whole process of lipids extraction. The microalgal cell wall composition 

is variable depending on the species, generally, the cell wall consists of an extracellular 

polymeric structure composed of polysaccharides, proteoglycans, peptides, proteins, and 

associated inorganic elements [71]. Solvent extraction methods are common methods for 

lipids recovery. Extraction with solvents can be improved by several approaches of pre-

treatment of the biomass for weakening and breaking of the cell wall, whose effectiveness 

varies from one microalga to another. Multiple laboratory-scale microalgae cell disruption 

methods are available. An example of biomass pre-treatment method is grinding that 

involves mixing the freeze-dried biomass with liquid nitrogen through a ceramic mortar 

and pestle. Bead vortexing leads to microalgae cell walls breaking by grinding and 

agitating the cells on a solid surface of glass beads [70]. The expeller press through the 

application of a high mechanical pressure shatters and breaks the cells. Cells rupture can 

occur also with osmotic shock, realized whit hyper-osmotic or hypo-osmotic conditions 

or with thermolysis when the vessels containing algal cells are heated through a water 

bath [31]. Ultrasonic treatment and electroporation lead either to cells disruption, the first 

using the energy of high-frequency acoustic waves, the second with an external electric 

field [72]. The use of microwaves allows the extraction of lipids or other molecules [73]. 

When microalgal cells are exposed to the microwave, inter- and intramolecular 

movements are generated in cells with consequent heat generation. Intracellular heating 

causes water vapor, which disrupts the cells and subsequently opens the cell membrane 

[73]. In addition, the algicidal treatment exploits the capacity of some bacteria to attack 

and destroy target algae for the presence of hydrolytic enzymes able to break down the 

cell wall [70]. These techniques improve product recovery but are also potentially costly 

steps making biomass pretreatment an obstacle for large-scale production [16]. Various 

organic solvents or combinations of them have been suggested. Organic solvents are 

absorbed within the cell wall, and they cause swelling and rupture of the microalgal cell. 

In this way, the cell contents are available to be separated on the following step. Among 

organic solvents, a mixture of chloroform-methanol can efficiently extract lipids. The two 

traditional methods for lipids extraction, the Folch method [74] and Bligh and Dyer 

method [75], employed the mixture in different volume ratios: The sample is 

homogenized with the organic solvents and the addition of a saline solution leads to a 

phase separation and consequently lipids extraction [76–82]. Even though the extraction 

with chloroform is very effective, large-scale lipid extraction using these methods is 

excluded for environmental and health risks. Solvents such as ethanol, butanol, hexane, 

isopropanol, methyl-tert-butyl ether, acetic acid esters, and various combinations of 

different solvents have been examined, many of these are still harmful. More often, lipids 

extraction is carried out through a Soxhlet extractor. Soxhlet extraction is performed using 

solvents at boiling temperature and ambient pressure, and even if it requires a high 

amount of solvents and a long extraction time, it is capable of providing high yields and 

does not affect the bioactivity of the extracted molecules. An alternative is represented by 

green solvents residues, which have good solubilizing properties such as conventional 

solvents. They are environment-friendly solvents or bio-solvents, derived from natural or 
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processing of agricultural. Examples are 2-methyltetrahydrofuran, ethyl acetate, ethyl 

lactate, and cyclopentyl methyl ether [83]. Other environment-friendly technologies over 

other conventional methods are supercritical fluid extraction [84], generally using carbon 

dioxide, and extraction with ionic liquids [12] that are considered as green, non-aqueous 

salt solutions, which contain both anions and cations. Liquid polymers and fluorous 

solvents are among the emerging green solvents. Liquid polymers are considered non-

volatile class-based solvents, such as poly(ethylene glycol), poly(propylene glycol), 

poly(tetrahydrofuran), and poly(methylphenylsiloxane). The fluorous solvents are 

colorless, are free-flowing liquid, and have low toxicity. Various types are available, the 

mainly used are perfluorinated alkanes, perfluorinated dialkyl polyethers, and 

perfluorinated trialkylamines [70]. 

After extraction processes, further purification steps can be requested through 

filtration or chromatographic separation techniques [40]. 

The lipids of the microalgae can be considered an alternative raw material to classic 

natural sources for the market and today, different microalgal species are used as lipid 

bio-factories. Microalgae can produce various lipid categories (which will be illustrated 

below) with remarkable applications in various industries such as pharmaceuticals, foods 

and feed, cosmetics, and biofuel production. As previously mentioned, until a few years 

ago chemical synthesis represented the primary choice for the recovery of substances. 

Currently, there is a marked return to oils and fats of vegetable and animal origin to 

replace petroleum-based and synthetic products. The driving forces for this trend are 

primarily environmental and ecological. Oils and fats are renewable resources and do not 

cause an increase in CO2 production. In addition, their biodegradability is less 

complicated as compared to synthetic analogs. 

Most of the industrial lipids, also in the cosmetic sector, come from plants such as 

sweet almond, avocado, Jojoba, copra, castor, and palm oils. The high use of 

environmental resources such as arable land and water represent the main problems in 

the use of vegetable lipids. Animal fats can be used as cosmetic additives. Lanolin, 

obtained from refined lamb’s wool grease, and squalene, obtained from shark liver oil, 

have been used extensively. Today, animal fats are less used in cosmetic preparations for 

many reasons related to animals’ protection, environmental problems, and microbial 

contamination derived from animal infections [29]. 

Therefore, the use of microorganisms represents a valid alternative. Lipids producers 

microorganisms are bacteria, fungi, and microalgae, among them microalgae are a very 

interesting source. They have a strong environmental adaptation ability, do not need 

cultivable land for their growth, require less water than land crops, could accumulate high 

biomass quantity, and do not have a natural sensibility to seasonality. Microalgae include 

very different photosynthetic organisms and can accumulate a great variety of lipid 

molecules and other bioactive compounds in their cells. For these reasons, their use in the 

cosmetic sector is very interesting. However, production costs are the most significant 

obstacles that limit the production of microalgal oil in a large scale [85]. Different aquatic 

microalgae mainly from the genera Aphanizomenon, Arthrospira, Chlorella, Desmodesmus, 

Dunaliella, Haematococcus, Nannochloropsis, Scenedesmus, and Spirulina are broadly used in 

cosmetic and cosmeceutical applications [45]. 

Table 3 summarizes the main lipid categories with useful applications in cosmetics 

and the related microalgal species from which they are extracted. 
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Table 3. Microalgal species and related lipid categories extracted. 

Lipid Categories Microalgae Species References 

Triacylglycerols 
Chlorella sp., Nannochloropsis sp., Scenedesmus sp., Dunaliella sp., 

Chlamydomonas sp. 
[32] 

Polyunsaturated fatty acids 
Nannochloropsis sp., Dunaliella sp., Schizochytrium sp., Isochrysis sp., 

Tetraselmis sp. 
[86,87] 

Sterols Diacronema lutheri, Tetraselmis sp., Nannochloropsis sp. [88] 

Waxes Euglena gracilis, Isochrysis sp. [89,90] 

Carotenoids 
Dunaliella salina, Haematococcus pluvialis, Chlorella sp., Scenedesmus sp., 

Muriellopsis sp., Spirulina sp., Porphyridium sp. 
[91–93] 

5. Microalgal Lipids for Cosmetic Applications 

Although most of the literature on microalgae lipids focuses on their use for biofuel 

production, many other sectors can exploit microalgal lipid properties, for example, food 

and feed fields. The most commonly used lipids for these sectors are omega-3 and omega-

6 lipids, instead, as a renewable energy source a transesterification step is necessary for 

the production of fatty acid alkyl or methyl esters, commonly named biodiesel [31]. 

Moreover, cosmetic and pharmaceutical sectors show increasing interest in lipid with 

functional properties such as polyunsaturated fatty acids (PUFAs), phytosterols, and 

carotenoids [16,94,95]. In addition, oils are generally used as dermatological delivery 

agents, formulated into creams or emulsions to provide more uniform, efficacious 

application, and transport of active agents, as already mentioned. 

In the next paragraphs, we shortly analyze the different lipid categories found in 

microalgae, classified according to the eight classes described in the classification system 

cited previously [20] and LIPID MAPS Structure Database [96]. Where possible, we 

describe their functions and properties for industrial application, particularly in the 

cosmetic field. The articles analyzed in this review were selected using the Pubmed and 

Google Scholar databases. After a first study of the literature concerning the general use 

of lipids in cosmetics, we focused our research on the lipids of microalgae. The selected 

works are those resulting from a research carried out by entering the individual lipid 

categories as keywords. 

5.1. Fatty Acyls 

Fatty acyls are one of the most important categories of biological lipids with a 

structure that represents the major lipid building block of complex lipids [20]. The 

category of fatty acyls sees further subdivision into subclasses, including fatty acids and 

conjugates, eicosanoids, fatty alcohols and esters, etc. In the cosmetic field, the fatty acyls 

group from oil seeds serve as the principal bio-based surfactant feedstock [97]. 

Biosurfactants are a diverse group of lipids with amphiphilic character containing both 

hydrophilic and hydrophobic domains within the molecule. This structural diversity of 

biosurfactants implies a large variety of biological and physicochemical properties. The 

main activity of these compounds is to lower interfacial tension allowing, for instance, 

solubilization of hydrophobic substances in water. Another frequent property of 

biosurfactants includes low critical micelle concentrations, allowing biosurfactants to 

exert their function at much lower concentrations than many chemically produced 

surfactants. Moreover, biosurfactants show prominent bioactivities including 

antibacterial, antifungal, and anti-tumor effects. Finally, they exhibit low eco-toxicity 

about excellent biological degradability preventing environmental accumulation [98]. 

Fatty acids (FA) consist of a hydrocarbon chain with a carboxyl group at one end. In cells, 

FAs can be free or bound. FA considered essential oily raw materials in cosmetic 

applications, can be used not only as emulsifiers but also as softeners, detergents, 

lighteners. They are thin oily substances capable of depositing between the desquamating 

corneocytes temporarily, making the skin smooth and soft and therefore brighter [52]. 
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Many kinds of fatty acids can be used as raw materials, such as lauric acid, myristic acid, 

palmitic acid, and stearic acid. In addition, FAs are skin components as an important 

player in the maintenance of normal skin barrier function [99]. 

Microalgae contain a rich profile in PUFAs. They are fatty acids with more than one 

double bond in the carbon chain and they have many beneficial properties. Microalgae 

can synthesize members of the PUFAs ω-6 family, including linoleic acid (LA), γ-linolenic 

acid (GLA), and arachidonic acid (ARA), as well as of the PUFAs ω-3 family, including α-

linolenic acid (ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) 

[62,100–103]. Many microalgae can synthesize the long chain of ω-3 PUFAs, with yields 

greater than 20% of their total lipids. Marine members of the Thraustochytriacea and 

Crythecodiniacea families are the microalgae most currently used for the production of 

algal oil rich in ω-3 and biomass [30]. They are important ingredients for food 

supplements and feeds for their evident beneficial effects on tissue integrity and health. 

Microalgae such as Chlorella vulgaris, Arthrospira platensis, Haematococcus pluvialis, 

Dunaliella salina have already been recognized as safe or authorized as additives for 

humans and animals. Other species that have been studied but that have not yet been 

marketed are Scenedesmus almeriensis and Nannocholoropsis sp. [87]. 

PUFAs have antioxidant and anti-inflammatory properties which prove to be very 

useful in different cosmetic formulations [104]. They help prevent heart disease [105] and 

inhibit the growth of cancerous cells [106]. PUFAs have shown positive effects in the 

treatment and prevention of various diseases including inflammatory ones, 

atherosclerosis, thrombosis, arthritis, and a variety of cancers. EPA and DHA (Figure 1) 

are the most valuable ones: They are associated with the reduction of complications in 

hypertension and show significant hypolipidemic activity, to reduce triglycerides and 

increase high-density lipoprotein cholesterol [85,107,108]. Furthermore, PUFAs contribute 

to the growth and performance of the retina [109], brain [110], and reproductive tissues 

[111]. In addition, PUFAs showed an antiproliferative effect on epithelial and 

bronchopulmonary cell cultures and improved glycogenesis in diabetic mice [111]. ARA 

and EPA promote the aggregative and vasoconstrictive action of platelets and the anti-

aggregative and vasodilatory effects in the endothelium, as well as showing chemotactic 

action in neutrophils [100,112]. PUFAs derivates also play important roles. Particularly, 

the oxidative transformation of PUFAs results in a diverse family of lipid mediators 

named oxylipins, which play a key role in different metabolic responses, including their 

function in the resolution of inflammation [113–115]. For these reasons, all these lipids are 

also important for their biological activity when included in cosmetic formulations [116]. 

 
(a) 

 
(b) 

Figure 1. Chemical structures of some PUFAs produced by microalgae: (a) Chemical structure of 

EPA; (b) chemical structure of DHA. 

Waxes fall into the fatty ester class, among the fatty acyl category [20]. Euglena gracilis 

is a microalga that accumulates a high amount of wax-ester as a by-product of the 

degradation process of storage polysaccharides, useful today for biofuel production but 

they could also prove helpful in cosmetics [89,117,118]. For example, waxes are key 

components in lipsticks since they provide appropriate rigidity, hardness, stability, and 
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texture to the stick. A variety of waxes are available on the market today for lipsticks. 

Commonly used waxes are synthetic ingredients derived from petroleum but also mineral 

waxes derived from shale and animal or plant-derived ingredients are used. These last are 

often confined to certain parts of the world and their availability could be potentially 

affected by environmental factors. Alkenones are a family of unique lipids, long-chain 

ketones, biosynthesized by certain haptophyte microalgae including the Isochrysis sp. that 

are used as structuring agents in some cosmetic formulations in substitution to animal-

derived and petroleum-derived waxes. They are a marine-based vegan and renewable 

ingredient that well answer consumer requests. Alkenones can be produced in many 

locations, therefore, their availability is not as limited as that of some other waxes. Given 

their waxy nature and reasonably high melting point, alkenones could represent an 

attractive class of natural ingredients that may find useful applications in a variety of 

cosmetic and personal care applications [90]. 

5.2. Glycerophospholipids 

Glycerophospholipids, also known as phospholipids, are present in all organisms, 

including microalgae, and are key components of the lipid bilayer of cells. They provide 

a selectively permeable barrier that protects the cell from the outside and helps in the 

separation of the different intracellular organelles. In addition to their primary role in 

cellular membrane components, glycerophospholipids can influence cell signal 

transduction serving as binding sites for proteins and as second messengers or their 

derivatives [20]. There is also evidence that phospholipids are essential to many important 

biological processes, such as stress response and photosynthesis [119]. Their structure 

consists of a glycerol backbone with two hydrophobic acyl tails and a hydrophilic head 

group linked to the glycerol scaffold through phosphodiester linkage [24]. The major 

phospholipids are phosphatidylcholine (PC) (Figure 2), phosphatidylethanolamine (PE), 

phosphatidylglycerol (PG), and phosphatidylinositol (PI) [120]. The presence of both 

hydrophilic head groups and hydrophobic tails confers them amphiphilicity, which 

makes phospholipids excellent emulsifying agents and therefore can stabilize oil-water 

emulsions as delivery systems for food, cosmetic ingredients, and drugs [121]. Lecithins 

are a complex mixture of PC, PE, phosphatidylserine (PS), and PI, combined with various 

amounts of other substances such as triglycerides, fatty acids, and carbohydrates. They 

are used in foods as emulsifiers and surfactants to alter viscosity and crystallization 

properties. Lecithins are also used in the industrial field as an emulsifying agent in fabrics, 

leather, cosmetics, paints, plastics, and a release agent for concrete and insecticides [26]. 

 

Figure 2. General structure of a PC. 

5.3. Glycerolipids 

Glycerolipids constitute the lipids category that encompasses all glycerol-containing 

lipids, except glycerophospholipids, which constitutes a separate category due to their 

abundance and important roles. The class of glycerolipids is dominated by the mono-, di-

, and tri-substituted glycerols. Triacylglycerols (TAGs) are the most well-known 

glycerolipid category consisting of tri-substituted glycerols. They are responsible for 

energy storage in the cells [20,122] and their industrial application mainly concerns biofuel 

production [63,123,124]. Genera of microalgae used for biofuel production are 

Chlamydomonas, Chlorella, Nannochloropsis, Synechocystis, Tetraselmis, Monoraphidium, 
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Ostreococcus, Tisochrysis, and Phaeodactylum [32]. TAGs from vegetable oils are also used 

in the formulation of bath products, cleansing products, eye makeup, fragrances, foot 

powders, facial makeup, personal cleanliness, suntan, and other skin products since they 

work as emollients. TAGs keep the skin’s hydration level high since they form an 

occlusive layer on the skin that reduces the skin’s water loss kinetics [42]. 

Chloroplast-specific glycolipids are monogalactosyldiacylglycerol (MGDG), 

digalactosyldiacylglycerol (DGDG) (Figure 3), and sulfoquinovosyldiacylglycerol 

(SQDG) that fall into the glycerolipids category. They are characterized by the presence of 

one or more sugar residues linked to glycerol via a glycosidic linkage, and they are 

primarily the constituents of thylakoid membranes in plant cells, including microalgae 

[120,122,125]. These lipids have been identified as possessing a variety of bioactivities, 

such as antioxidant and antimicrobial associated to the length of their fatty acyl chains, 

the number and position of the double bonds, the structure of the sugar moiety, and its 

anomeric configuration. It must be specified that several studies identified glycolipid 

fractions from algae having an antimicrobial activity even if only a few of these have been 

able to isolate and characterize the main molecular species responsible for this activity 

[126]. 

 

 
(a) (b) 

Figure 3. General structure of some glycolipids: (a) Chemical structure of a MGDG; (b) chemical 

structure of a DGDG. 

5.4. Sphingolipids 

Sphingolipids are a composite category of lipid molecules that share a common 

structural feature, a sphingoid base backbone consisting of an aliphatic amino alcohol 

group [20]. They play important structural and intracellular roles and take part in 

extracellular signaling. Moreover, they form specialized micro-domains in plasma 

membranes involved in different cellular processes, alongside sterols [57]. 

In the group of sphingolipids, different chemical structures were identified 

belonging to different sub-classes such as ceramides and glycosphingolipids, also known 

as cerebrosides. Ceramides are used in several skin care cosmetic products for regulating 

trans-epidermal water loss and promoting epidermal barrier repair. They are abundant 

lipids in the stratum corneum produced when barrier damage occurs and which become 

sphingolipids when glycosylated. Different ceramides have been identified and 

synthetically duplicated for inclusion in moisturizer formulations renowned by their 

polar head group structure, as well as by their hydrocarbon chain properties [49,52]. 

Moreover, these lipids have shown an antimicrobial activity [126]. Sphingolipids are 

widely distributed metabolites of microalgae but knowledge of these metabolites in 

microalgae remains poor [57]. 

5.5. Sterol Lipids 

The sterols category includes molecules with different biological functions, and are 

characterized by the presence of a unique fused ring structure [20]. They constitute an 

important component of membrane lipids specifically for the optimal maintenance of 
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membrane fluidity. Sterols present in microalgae are not only free but also in conjugated 

forms, many of them are unusual in terrestrial higher plants [57]. 

A great variety of sterols is present in plants and they are also called phytosterols. In 

the last few years, phytosterols have become particularly interesting for their beneficial 

health effects. Numerous studies have reported that phytosterols interact with cholesterol 

absorption through inhibitory mechanisms leading to reduction of low-density 

lipoprotein cholesterol in the blood. In addition, they protect against nervous system 

disorders and exhibit anti-oxidative, anti-inflammatory, anti-atherogenicity, and anti-

cancer properties [57]. Current industrial sources for phytosterols are tall oil and vegetable 

oils but microalgae are an alternative source [29,127]. Phytosterols are found in all 

microalgal species. Recently, Diacronema lutheri, Tetraselmis sp. and Nannochloropsis sp. 

have been identified as the highest phytosterol producers, but other studies on the 

phytosterols content are done in different microalgae species and classes [88]. In some 

studies, phytosterols and the total lipid fraction isolated from microalgae are identified as 

responsible for an anti-inflammatory activity due to an increase of anti-inflammatory 

cytokines and decrease of pro-inflammatory cytokines secretion. Therefore, their use in 

animal feed could control immune responses during inflammation and minimize the use 

of antibiotics [128,129]. These biological activities make them useful in the cosmetic sector. 

5.6. Prenol Lipids 

Microalgae are also a source of natural pigments with lipid characteristics, 

particularly carotenoids. Carotenoids are isoprenoid molecules belonging to the prenol 

lipids category. The general structure of carotenoids consists of a tetraterpene backbone 

optionally flanked by terminating rings. These rings are either oxygenated or non-

oxygenated and distinguish carotenoids between xanthophylls and carotenes, 

respectively [20,94]. It is possible to distinguish between primary and secondary 

carotenoids. The first are a structural and functional part of the photosynthetic system of 

microalgae, having both a light-harvesting role and also photo-protective role. The second 

are accumulated in the cytoplasm and have only a photo-protective function [130]. 

Carotenoids absorb light within a wavelength of 400–550 nm and are the source of the 

yellow, orange, and red color of microalgae [131]. Carotenoids have a wide range of 

practical applications. They have various medicinal properties that lead to their use in the 

pharmaceutical sector (anti-angiogenic, anti-cancer, anti-diabetic, anti-inflammatory, 

anti-obesity, anti-oxidant properties, cardio-protective, and photo-protective effects) 

[132]. In cosmetic formulations, carotenoids are used as active ingredients with biological 

activity for their antioxidant properties and nutritional value to the skin and hair. The 

chemical structure of carotenoids is responsible for their antioxidant activities. 

Carotenoids contain long conjugated double bonds in a polyene chain that are responsible 

for antioxidant activities by quenching singlet oxygen and scavenging radicals to 

terminate the chain reaction. They are known to play important roles in scavenging 

reactive oxygen species (ROS) but there is little information regarding their roles in 

cellular defenses against reactive nitrogen species (RNS) [132]. Fucoxanthin has a strong 

radical-scavenging activity due to the presence of the unusual double allenic bonds in its 

structure. Another important carotenoid with strong antioxidant activity is astaxanthin, 

which acts as a scavenger of various reactive species and exhibits higher levels of 

antioxidant activity than other carotenoids such as β-carotene, zeaxanthin, and 

canthaxanthin. Its powerful antioxidant activities result from the unique molecular 

structure. Astaxanthin contains a conjugated polyene chain at the center and hydroxy and 

keto moieties on each ionone ring. Astaxanthin shows better biological activity than other 

antioxidants since it can link with the cell membrane from the inside to the outside. The 

polyene chain in astaxanthin traps radicals in the cell membrane, while the terminal ring 

of astaxanthin can scavenge radicals both at the surface and in the interior of the cell 

membrane [133]. The anti-oxidant activity is of great importance in cosmetic formulations, 

especially for skincare products. Ultraviolet (UV)-exposure could determine the 
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accumulation of high levels of ROS. Accumulation of ROS in cells causes cell death and 

excessive cell death can lead to wrinkling and dryness of the skin. ROS accumulation also 

plays an important role in photo-aging conditions such as cutaneous inflammation, 

melanoma, and skin cancer. The skin has naturally occurring antioxidant agents which 

can block the effects of ROS and suppress cell disruption and damage but these defenses 

may not provide adequate protection when levels of ROS are very high. Carotenoids can 

limit lipid peroxidation events by scavenging the ROS formed during photo-oxidative 

processes. Carotenoids protect humans from UV-light damage and are applied externally 

via the skin (as a topical treatment) as well as via dietary means. Moreover, they are also 

used in tan lotions due to their color [131]. 

Due to their color and nutritional properties, carotenoids are traditionally used in 

food and feed industries. They are vitamin precursors and their presence in a regular 

alimentation is fundamental since humans and animals are incapable of synthesizing 

them [130]. Carotenoids are considered safe natural dyes and are added to a variety of 

products to enhance their color. The animal feed sector was the highest consumer of 

carotenoids [132]. 

Nowadays, most of the carotenoids produced by the industry are chemically 

synthesized, although a small portion is obtained naturally from plants or algae. Their 

synthetic production is faster and cheaper since it requests low-cost labor and inexpensive 

chemicals, does not need living organisms, and there are no harvesting and extraction 

costs. Unfortunately, synthetic carotenoids are less effective in terms of their health-

promoting properties to natural carotenoids and are hence less valuable and desirable as 

a product. Due to the adverse side effects commonly associated with drug therapy, public 

interest in recent times has focused on natural products with health-promoting properties 

as alternatives to conventional drugs. Consumers prefer naturally derived compounds in 

cosmetic formulations, so there is an increasing global demand for naturally derived 

carotenoids rather than those synthesized chemically [132]. 

The main carotenoids of microalgae are β-carotene, lycopene, astaxanthin (Figure 4), 

zeaxanthin, violaxanthin, and lutein [134], and the most common microalgae 

commercially interesting for pigment production are Dunaliella salina, Haematococcus 

pluvialis, Chlorella spp., Scenedesmus spp., Muriellopsis spp., Spirulina spp., Porphyridium 

spp. [91–93,95,130]. 

 

Figure 4. Chemical structure of astaxanthin. 

5.7. Polyketides 

Flavonoids are important secondary plant metabolites with a variable polyphenolic 

structure characterized by a heterocyclic oxygen linked to two aromatic rings, which vary 

in the level of hydrogenation and belonging to the polyketides lipid category [20]. They 

are widely present in fruits, vegetables, and foods and beverages of plant origin with 

functions related to various processes ranging from UV protection to signaling and 

pigmentation [135]. The beneficial health effects of these natural products are known for 

which they are now considered an indispensable component in a variety of nutraceutical, 

pharmaceutical, medicinal, and cosmetic applications for their antioxidant, anti-

inflammatory, anti-mutagenic, and anti-carcinogenic properties together with their ability 

to modulate the key functions of cellular enzymes [135]. Although there are few studies, 

some scientists have found flavonoids also in microalgae [136–138]. 
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5.8. Saccharolipids 

Saccharolipids are another lipid class in the LIPID MAPS Structure Database. The 

term describes compounds in which fatty acyls are linked directly to a sugar backbone. 

This group is distinct from the term “glycolipid” that was defined by the International 

Union of Pure and Applied Chemists (IUPAC) as a lipid in which the fatty acyl portion of 

the molecule is present in a glycosidic linkage. It is necessary to specify that classification 

in LIPID MAPS Structure Database does not have a separated glycolipids category but 

instead places glycosylated lipids in appropriate categories based on their core lipids [20]. 

In literature, we found few studies that described their presence in microalgae [139,140]. 

6. Conclusions and Future Perspectives 

Microalgae are an interesting source of bioactive compounds with potential 

industrial applications. Lipids are a wide category of useful substances in many sectors. 

They are used in the enhancement of the nutritional value of food and animal feed, 

pharmaceutical industry, biodiesel production, etc. Microalgae lipids are most exploited 

as feedstock for third-generation biodiesel production. Different from the first and second 

generations of biodiesel that are mainly produced from edible and non-edible vegetable 

oils, respectively, biodiesel of the third generation is obtained from microbial oils, such as 

microalgal oil, representing a powerful alternative to traditional feedstock [141]. The 

industrial interest for algal lipid is also for the capacity of microalgae to synthesize 

considerable quantities of PUFAs [100,142]. PUFAs are essential nutrients for humans that 

lack the requisite enzymes to synthesize some of them. Fish and fish oil are the common 

sources of long-chain PUFAs but microalgae could be an interesting alternative [143,144]. 

Unfortunately, the global supply from all the traditional sources of these nutrients is 

insufficient to satisfy human nutritional requirements. In addition, fish oil is not 

recommended for vegetarians or people allergic to fish, has an unpleasant odor for some 

people, and may contain fat-soluble environmental pollutants. For these reasons, 

microalgae could be an interesting alternative [17,143–145]. 

Microalgae used in cosmetics is an interesting strategy to increment searching for 

new natural ingredients from environmentally sustainable biomass. Whole cells can be 

used to provide a mixture of molecules with useful properties. On the other hand, 

extracted molecules could also be proposed for targeting specific effects, since whole 

microalgae biomass is difficult to incorporate in cosmetic formulations [48]. Lipid 

products are a useful perspective for cosmetic formulations. To date, different lipids 

extraction methods are exploited but the recovery of algal oils has usually been carried 

out at a laboratory scale. Thus, it is necessary to test new extraction and purification 

methods possibly oriented versus green technologies. The selection of an appropriate 

extraction procedure is a crucial factor. In fact, a biocompatible buffer which does not alter 

the bioactivity of the extracted molecules needs to be used. Nowadays, conventional 

extraction techniques involve the use of organic solvents for a long time and also the use 

of dry biomass as a starting material. New techniques are being developed which do not 

require the involvement of toxic solvents, reduce the extraction time, improve the 

extraction yields without affecting the biological activity, and minimize environmental 

impact [146]. 

As already mentioned, lipids are used in different industrial sectors and are mostly 

of animal, plant or biotechnological origin. Recently, there was a return to natural 

compounds making the industrial market environmentally sustainable. Plants can be 

exploited for lipids recovery but involve the use of a large number of environmental 

resources such as arable land and water. In this context, microalgae could show numerous 

advantages. Microalgae have a strong environmental adaptation ability so they do not 

compete with terrestrial crops for arable land, they require less water, exhibit a rapid 

biomass production when in favorable conditions and show high oil contents, higher than 

land-based oleaginous crops. About the many advantages associated with microbial lipids 
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production, the possibility to manipulate the genetic machinery of microorganisms to 

produce the desired lipid molecules with high economic value is most interesting. 

Alongside lipid production, microalgae could be exploited for the production of various 

bioactive molecules. The cosmetic sector is always in search of new ingredients for 

innovative product formulations. The present production of algae extracts in cosmetics is 

widely dominated by seaweeds and the use of microalgae was relatively secretive until 

the 2010s when the demand for beauty treatments started to grow significantly. The 

market for microalgae-based cosmetic products is expected to grow further. In fact, in the 

last years, there is great interest in cosmeceutic products defined as “cosmetic products 

with biologically active ingredients claiming medical or drug-like benefits” making 

thinner the edges between cosmetics and pharmaceutics. In addition to the properties of 

lipids already used in the cosmetic sector, such as moisturizing agents or surfactants, 

research has shown that there are numerous lipid categories with interesting biological 

activities, such as anti-inflammatory and anti-oxidant properties or anti-microbial activity 

becoming promising molecules to inactivate a wide spectrum of microorganisms [147]. 

Microalgae adapt well to the new requests of the market. 

Despite intensive research efforts, the commercial use of microalgae biomass as a 

source of useful products is still not economically sustainable due to some problems. 

Significant obstacles that limit the production of microalgal lipids on a large scale are the 

restricted lipid synthesis in the microalgal cells and the low growth rate of these 

organisms, compared to other oleaginous microorganisms such as bacteria [148]. Another 

question is the monitoring of the different growth parameters of microalgae. Indeed, 

certain cultivation parameters, such as light intensity, temperature, starvation nutrients 

or other stress conditions, can affect the final biomass composition profile and specific 

lipids production. If closed cultivation systems allow monitoring cultivation conditions, 

the high costs associated make the open cultivation systems more competitive for 

industrial aims. Furthermore, the processing of microalgae biomass, such as extraction, 

isolation, and purification steps, is often complex and very expensive [149]. Although 

there are still numerous issues to be resolved in order to extend the production of lipids 

from microalgae on a large scale, microalgae are a promising sustainable resource for 

lipids and many other bioactive molecules production [16,59,64,65]. To make microalgae 

industrial utilization economically sustainable, alongside the genetic engineering of 

strains, lipids production from microalgae can be associated with other high-value 

metabolic products. It is possible to extract hydrophobic compounds and lipids at the 

same time and then purify them, while hydrophilic compounds such as proteins and 

sugars can be extracted from the defatted biomass. Furthermore, lipids can be co-products 

of environmental applications of microalgae, for example, for the treatment of 

wastewaters [85]. 
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