PIGMENTATION FROM MICROALGAE
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Abstract:

The food, nutraceuticals, and cosmetics industries all use microalgal pigments extensively. . Pharmaceutical aquaculture, as well as the cosmetics industry. Some microalgae have been gathered. For decades, people have relied on it for food and health care. Microalgae is now used in the nutraceutical business. They have evolved as novel bioresources for the production of food and aquafeed. Bioenergy, food and feed, and wastewater bioremediation are all encouraged. Both light sources Photoautotrophic microalgal production occurs in both natural and artificial contexts. Carotenoids are antioxidants. Tetraterpene pigments having yellow, orange, red, and purple colours. Carotenoids are antioxidants. They are the most widely distributed hues in nature, and may be found in photosynthetic bacteria, some archaea and fungi, algae, plants, and humans. These compounds are in significant demand in the fields of pharmacology, medicine, cosmetics, the chemical industry, fish farming, energy, and agriculture for feed and functional foods. Microalgae have gotten less attention than seaweeds, yet they offer advantages such as rapid growth, high photosynthetic efficiency, and the potential to be cultivated in industrial settings.
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INTRODUCTION
The food, nutraceutical, pharmaceutical, aquaculture, and cosmetic industries all use microalgal pigments extensively (Fig. 1). It has also been used as a successful label for antibodies and receptors in clinical and scientific settings (1). Phycobiliproteins exhibit anti-inflammatory, antioxidant, neuroprotective, and hepatoprotective properties (2). There is growing interest in using microalgae in aquaculture applications such as live feed for the larviculture industry, premix for feed formulation/supplement, and bioremediation for improved water quality (3), production of high-health organisms, and enhancement of animal color (astaxanthin). Certain microalgae have been used as food and medicine for millenia.
Consumers are leaning toward nutritous, natural, and clean-label food products as they grow more concerned about eating well and food safety (4). Proteins, lipids, carbohydrates, minerals, vitamins, pigments, and polyunsaturated fatty acids (PUFAs), which have great commercial and health value, are only a few of the value-added products that microalgae constitute a major source of (5). Notably, "microalgae" include prokaryotic cyanobacteria and eukaryotic photosynthetic microorganisms, both of which use photosynthesis to change light energy into chemical energy. Carotenoids (usually 0.1-0.2% of dry weight, DW, or as high as 14% in particular species), chlorophylls (0.5-1.0% of DW), and phycobiliproteins (PBPs) (8% of DW) are the three main classes of pigments in microalgae, and they are crucial for photosynthetic processes and cell development. Compared to other natural pigment sources (such asbroad range of health uses. Microalgal pigments have an advantage over other food colorings since they may produce a wide variety of appealing tints, colors, and natural tones in meals. that can imitate the colour of real food (6). Furthermore, their greatest advantage stems from the microalgae's cultural properties.
It is being researched whether there are any culture techniques that can increase the accumulation of pigment in different species. PBPs, a blue pigment derived from spirulina, astaxanthin, a yellow-to-red pigment from Haematococcus, and -carotene, a yellow pigment from Dunaliella are a few examples of active pigments that have been scaled up for industrial production and are widely used in the food, nutraceutical, pharmaceutical, aquaculture, cosmetic, and other industries. Several biotic and abiotic factors in the process of pigment synthesis in microalgae may affect the quality of the final product (7). Microalgae synthesize pigments during vegetative development or under stress. The efficiency of generating pigment is markedly increased by the introduction of new trophic modes and strategies (8). Additionally, the extraction, purification, and food processing processes can modify or destroy pigments' structural integrity, which compromises their ability to provide food with color and nutrition. 
The molecules responsible for capturing light and sending it to reaction centers, both of which are necessary for photosynthesis, are known as microalgal pigments. In thylakoid membranes, they are arranged into complexes called antennae. While it is situated next to and parallel to the cell surface of cyanobacteria (prokaryotic microalgae), this membrane is present inside the chloroplasts of eukaryotic microalgae (9,10,11). Because they can create and store valuable pigments, microalgae are attractive for industrial production. They also have advantages over other vegetable sources, such as their great natural diversity and distribution and their lack of dependence on the production of arable land. Additionally, the fact that they are photosynthetic may result in decreased manufacturing costs. Since microalgae don't need additional carbon sources like heterotrophic organisms do and some species can fix nitrogen on their own, no additional nitrogen is needed (12).
In the production of pigments and other products, these microorganisms are already utilized in industry. Although pigment market prices are higher than those for other microalgae components, compared to other microalgae components, pigments are the main source of income for businesses, particularly in the food, cosmetics, and healthcare sectors (13). For producing beta-carotene, Haematococcus pluvialis, astaxanthin, and C-phycocyanin, respectively, Dunaliella salina, Arthrospira platensis, and Haematococcus pluvialis are the most often used microalgae. The use of Muriellopsis sp. and Scenedesmus almeriensis in the pilot-scale production of lutein is also being pursued (14).
Microalgae and Pigments
Microalgae are a varied group of cryptogamic plants that include 13 major phyla and countless lesser-known minor ones. They could be siphonaceous, filamentous, colonial, or unicellular in structure. Among the numerous phyla of microalgae, cyanobacteria are oxygenic photosynthetic prokaryotes with a broad variety of morphology, physiology, ecology, biochemistry, and other properties. In contrast to cryptophytes, which are unicellular and found in both freshwater and marine environments, chlororophyta are filamentous, siphonous, multicellular, unicellular, and thallus algae that are mostly found in freshwater. The majority of dinophytes are unicellular and have two distinct flagella (15). Table 1 lists the pigments present in each phylum of microalgae.
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Table 1 Pigments from different microalgae
	             Phylum 

Chlorophyta



Diatomophyceae /
Diatoms





Cryptophytes





Cyanobacteria



Euglenophyta





Dinophyta
	   No. of genera/species

Approximately 500/16,000





>200/100,000






About 12–23/200





Total 10/>2000



About 40/900





About 130/220
	        Common name

Green microalgae





Brown microalgae






Cryptomonads





Blue-green microalgae



Euglenoids





Dinoflagellates
	        Pigments

Chlorophyll a, b, b-carotene,
prasinoxanthin, siphonaxanthin,
astaxanthin


Chlorophyll a and c, b-carotene,
fucoxanthin, diadinoxanthin



Chlorophyll a and c, carotenoids and
Phycobiliproteins




Chlorophyll a, xanthophyll and
Phycobiliproteins


Chlorophyll a and b, diadinoxanthin,
neoxanthin, and b-carotene



Chlorophyll a, c, carotenoid
(b-carotene), peridinin
	       Pigments

16, 17





16,17






16,17





16,17




16,17





16,17






CHARACTERISTICS OF MICROALGAL PIGMENTS
The three main categories of photosynthetic pigments found in microalgae are phycobilins, carotenes, and carotenoids. While chlorophyll and carotenoids are fat soluble, phytobilins are water soluble. Three varieties of chlorophylls—a, b, and c—are recognized. A porphyrin macrocycle with tetrapyrrole rings makes up the skeleton of the chlorophyll molecule (18). To create the phorbin structure (19), a single isocyclic ring is joined to one of the pyrrole rings. Due to these structural differences, chlorophyll a has a green/yellow pigment with a maximum absorbance range of 642–652 nm and chlorophyll b has a blue/green pigment with a maximum absorbance range of 660–665 nm (18). Several breakdown byproducts are produced when weak acids, oxygen, or light are present with chlorophyll molecules.
Carotenoids are terpenoid pigments made of a 40-carbon polyene chain. It generates carotenoids with various molecular structures and the associated chemical properties, such as the light-absorption capabilities necessary for photosynthesis. Cyclic groups and functional groups that contain oxygen may be added to carotenoids. Therefore, oxygenated derivatives of hydrocarbon carotenoids are particularly referred to as xanthophylls, whereas oxygen in hydrocarbon carotenoids is present as hydroxyl groups (e.g., lutein), oxi-groups (e.g., cantaxanthin), or a combination of both (e.g., astaxanthin) (20).Due to the fact that bilins have unique absorption spectra, phycobiliproteins exhibit a variety of spectral characteristics (23). In cyanobacteria and red microalgae, there are four major families of phycobiliproteins: allophycocyanin (APC, bluish green), phycocyanin (PC, blue), phycoerythrin (PE, red), and phycoerythrocyanin (PEC, orange). The absorbance maximum of each class is as follows: allophycocyanin λAmax 650-655 nm, phycocyanins λAmax 615-640 nm, phycoerythrin λAmax 565- 575 nm, and phycoerythrocyanin 577 nm, whereas they emit light at 660 nm, 637 nm, 577 nm, and 607 nm, respectively. According to Arad and Yaron (1992), Pseudomonas aeruginosa microalgal extract has a red fluorescence with a maximum emission at 642 nm and a blue color with a maximum absorbance at 620 nm. C-phycocyanin is the primary phycobiliprotein in the majority of cyanobacteria. Two polypeptide chains with methionine make up the C-phycocyanin protein that has been identified from wild-type Oscillatoria agardhii microalgae cells (24,25). A disulfide bridge connects the chains, which each had at least one chromophore group. The two newly discovered chains share a comparable structure in terms of amino acid content, peptide mapping, and amino-terminal sequence.
Factors Affecting the Microalgal Pigment Production
One of the most effective natural pigment manufacturing methods today is microalgae fermentation. Compared to those generated from plants and aquatic animals, pigments made from industrially produced microalgae have a number of advantages, such as controlled manufacturing, simple extraction, high yields, no lack of raw materials, and no seasonal variations. Every small change in environmental circumstances during the culture stage has the potential to affect pigment synthesis and molecular structure, which can modify the end products' market acceptability and bioaccessibility.
Light
The primary mechanism by which inorganic carbon is converted into organic molecules in phototrophic organisms is light. Utilizing light can improve microalgal growth proportionally; however, this is controlled by specific light intensity and photoperiod [26]. The element regulating cell photosynthesis and pigment creation that is most obvious and easily under control is light intensity. Light has a detrimental effect on photosynthesis when it exceeds its tolerance limit, causing the death of photosynthetic machinery. Chlorophyll and phytobiliprotein production are associated adaptive responses to light collecting. Cyanobacteria with low specific maintenance energy ratios have a faster rate of phycobiliprotein production. In some circumstances, the influence of light quality on photosynthetic pigments goes beyond light intensity and affects cell maturity, culture density, light path, and medium nutritional composition. Discontinuous lighting techniques, such the light/dark photoperiod cycle and the flashing light effect, have been used to improve light availability. When used in industrial culture, the flashing light effect can quadruple the rate of astaxanthin synthesis in H. pluvialis per photon compared to continuous light sources, and the photoperiod effectively regulates the levels of microalgal chlorophyll [27, 28].
Temperatures
The formation of microalgal pigments is frequently aided by high temperatures. It has been determined that a temperature range of 25–28 C is ideal for the growth of chlorophyll because higher temperatures may create osmotic pressure to harm cells [29]. Likewise, at 28 degrees Celsius, H. pluvialis produces the greatest astaxanthin, while C. zofingiensis does so at 30 degrees [30, 31]. The carotenoids -carotene and other types can be produced by blue-green microalgae at high temperatures [32]. The microalgae H. pluvialis and Phormidium autumnale have produced the best yields when total carotenoid synthesis has been performed at these temperatures, respectively [33,34]. Growing D. salina at 30 degrees Celsius maximizes -carotene production [35]. The most lutein is produced by Muriellopsis sp., C. protothecoides, C. zofingiensis, and Neospongiococcus gelatinosum when cultured at 28 degrees Celsius [36]. For S. platensis, Anabaena sp., Nostoc sp., and Synechococcus sp., the optimum temperatures for PBP generation are 25, 30, 35, and 36 degrees Celsius, respectively [37].
Culture Media
Nitrogen 
The creation of proteins, chlorophyll molecules, and nucleic acids in microalgae depend mostly on nitrogen, which is also a crucial component for their growth. A lack of nitrogen has been associated with a number of cell reactions in microalgae, including an increase in free radical generation. Due to the fact that carotenoids are known to be the protective response to photo-oxidative stress brought on by an excessively reduced photosynthetic electron transport chain, nitrogen deprivation can result in a large increase in their content. While Fischerella sp. exhibits the opposite tendency, many blue-green microalgae (including Anabaena sp.) have been found to produce a considerable amount of PBPs in nitrogen-free environments [38].
PH and Salinity
Although pH can significantly alter nutrient accessibility and solubility in a culture environment, little is known about how it affects pigment production in microalga. It has been demonstrated that pH values between 5.0 and 8.5 prevent the growth of microalgae [26]. pH controls the solubility of substances and nutrition uptake in cells. Chlorophyll a (10.6 mg/g DW), carotenoids (2.4 mg/g DW), and C-PC (91 mg/g DW) were all produced at their highest levels by S. platensis at pH = 8.5, while PC (159 mg/g) was produced at pH = 9.0 [39]. However, pH alterations in some microalgal culture conditions can prevent the formation of carotenoids and chlorophyll.
Osmosis significantly affects pigment accumulation, and salinity plays a key role in the commercial production of pigments by both marine and limnetic microalgae. Most microalgae have been shown to produce at their highest levels at low salinities (2–3 ppt), where the content of chlorophylls and total carotenoids decreases [40]. But blue-green microalgae produced more -carotene when the salt concentration rose. As a result, at a salinity of 10-15 ppt, the blue-green microalgae Anabaena sp. (135.73 mg/g) and Oscillatoria sp. (66.7 mg/g) produced the highest PBPs [41].
 
Micronutrients
Although only in minute amounts, micronutrients (such as manganese, iron, and zinc) are necessary for pigment metabolic processes. Chlorophyll levels decrease when iron is reduced in C. pyrenoidosa because iron is essential for the tricarboxylic acid cycle and other metabolic pathways. Astaxanthin concentration is influenced by the electrical valency of iron as well as counter ions [32]. Astaxanthin production can be boosted in the presence of iron in the medium [33]. By including 18 mM Fe2+-EDTA, astaxanthin synthesis can be effectively increased. The level of -carotene significantly increased when 450 mM FeSO4 was introduced [42]. Metalloenzymes require copper as a cofactor in many metabolic processes, however excessive amounts are detrimental to the growth of microalgae. High levels of zinc and copper are related to chloroplast membrane peroxidation, which is brought on by the production of free radicals and results in a drop in chlorophyll content. The primary chlorophyll ions, magnesium, are involved in the formation of pigments and in the pigment metabolic pathway as a cofactor for crucial enzymes [43]. With and without magnesium limitation, chlorophyll levels in Chlorella sp. cells eventually decrease. Sulphur insufficiency is another alteration to the environment for microalgae development.The sulfur-containing amino acids cysteine and methionine are produced by microalgae as well as other significant metabolites. In C. reinhardtii and C. fusca, a lack of sulphur reduces oxygenic photosynthesis, increases hydrogenase activation, and reduces the formation of microalgal chlorophyll [44]. On the other side, a sulphur deficit encourages the synthesis of carotenoids. Nitrogen limitation is not as effective at causing astaxanthin and lipid accumulation in H. pluvialis as it is in C. reinhardtii and Parachlorella kessleri [45,46].
Application of microalgal pigments 
The pigments present in a microalgae's structure have an impact on color, one of its most observable characteristics. The photosynthetic material of the microalgae system includes pigments, which are chemical compounds with a range of colors [47]. Environmental elements that can impact the amount of particular colors in microalgae include temperature, radiation, wavelength, photoperiod, pH, nutrition restriction, nitrogen, salt, pesticides, and heavy metals [48]. A good indicator of carotenogenesis in microalgae under the influence of environmental factors is the carotenoid-to-chlorophyll ratio (Car/Chl), which rises in response to the combined stress of high irradiance and nitrogen deprivation due to the accumulation of secondary carotenoids [49]. Carotenoids, chlorophylls, and phycobiliproteins are the main natural pigments present in microalgae. These pigments are frequently utilized in biomaterials, cosmetics, medicines, food colorants, and human and animal feed [50]. Chlorophyll, carotenoids, and phycobiliproteins come in a variety of hues, from green to yellow to brown to red. Blue pigment from Spirulina (provided by phycocyanins), yellow pigment from Dunaliella (supplied by the presence of -carotene), and yellow to red pigments from Haematococcus (provided by astaxanthin) [51].The main pigments and their various functions are shown in Figure 2.  Rodrigues et al. [52] found 24 carotenoids, 3 phycobiliproteins, and 2 chlorophylls in the microalga Phormidium autumnale. The major pigments found in the biomass included all-trans-carotene (225.44 g g1), all-trans-lutein (117.56 g g1), and all-trans-zeaxanthin (88.46 g g1) in addition to chlorophyll a (2.700 g g1) and C-phycocyanin (2.05 105 g g1). The microalga Coelastrum cf. pseudomicroporum Korshikov accumulated carotenoids ranging from 1.73 to 91.2 pg cell when it was cultivated in urban wastewater and under salt stress.
Microalgal pigments have been acknowledged for their potential for usage in industry due to their anti-inflammatory, neuroprotective, antioxidant, and hepatoprotective properties (2). They are already widely used in a number of sectors, including food, nutraceuticals, pharmaceuticals, aquaculture, and cosmetics. Astaxanthin from Haematococcus, -carotene from Dunaliella, and phycocyanin and other phycobiliproteins from A. platensis are already used in some of the aforementioned areas (50). 
                  
       Fig. 2Principal microalgae-derived pigments and their principal uses
Pharmaceutical use and prospecting
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The most well-known of these bioactivities, antioxidant activity, is one that microalgae pigments have long been known to display. In fact, this could be the mechanism behind various other bioactivities, like anti-inflammatory or anti-cancer activity (53). Allophycocyanin, phycoerythrin, and phycocyanin are a few examples of phytobiliproteins. The most opportunity exists for phycocyanin, a pigment generated from cyanobacteria, to be used in pharmaceutical formulations due to its demonstrated antioxidant, antiinflammatory, neuroprotective, and hepatoprotective properties. The reduction of microsomal lipid peroxidation by phycocyanin's radical scavenging properties has been shown (54), Moreover, C-phycocyanin produced by A. platensis had hypocholesterolemic effects when serum cholesterol levels were modeled (55).One phycocyanin produced from A. platensis was reported to inhibit the growth of human leukemia K562 cells (56), and antitumor activities of phycocyanins have also been proven by reducing tumour necrosis factor in mice blood serum treated with endotoxin.
Among the more than 600 carotenoids found in nature, -carotene is perhaps the most significant. Carotenoids (xanthophyll and carotenes) are the microalgal pigments that have received the most attention in terms of their bioactivities. -Carotene has a wide range of biological functions related to human health, such as assisting in immune boosting and preventing cataracts, night blindness, and skin disorders where it may be converted to vitamin A (57).
Due to its potential for bioactivity, astaxanthin stands out among xanthophylls and, like the other pigments covered thus far, has a substantial association with antioxidant strength. Astaxanthin is a super vitamin E because it has 500 times the antioxidant capacity of tocoferol and ten times the antioxidant potential of -carotene (58).Due to its potent bioactive antioxidant properties and capacity to cross the blood brain barrier, this pigment can be used to prevent neuronal damage related to age-related macular degeneration, treat ischemic reperfusion injury, Alzheimer's and Parkinson's diseases, as well as spinal cord and other types of central nervous system injuries (32). 
Additionally, research conducted in vitro revealed that astaxanthin is effective in inhibiting the oxidation of low-density protein pigments from microalgae 469, suggesting a potential utility for the treatment of ischemic brain development, coronary heart disease, and arteriosclerosis (59). It is important to note that this pigment has been found to have antioxidant action in both hydrophilic and hydrophobic environments (Kobayashi and Sakamoto, 1999).
Additionally, astaxanthin has been demonstrated to inhibit the carcinogenicity of aflatoxin and to stimulate the enzymes that metabolize xenobiotics in the rat liver (59). Astaxanthin has been shown to have an immune-stimulatory effect in vitro (58), modulating the humoral and nonhumoral immune systems and causing an increase in the release of interleukin-1 and tumour necrosis factor in mice (60). Additionally, astaxanthin stimulates the production of T-helper cell antibodies, immunoglobulins A, M, and G (58). A patent was established for the creation of an oral preparation for the treatment of Helicobacter infections as a result of astaxanthin's potential in the management of Helicobacter infections of the mammalian gastrointestinal tract (61); this is because astaxanthin has proven this potential.
Reynoso-Camacho et al. (2011) discovered that lutein has a chemoprotective effect against colon cancer brought on by DMH. In fact, mice fed 0.002% lutein in their diet demonstrated a prophylactic effect, decreasing the number of tumors by 55% and 32%, respectively, when given as a therapy after DMH administration.
Food and nutraceuticals
The various forms of microalgae-derived compounds that have antioxidant properties are perhaps the most tempting for industrial applications. Important nutrients are degraded and may produce harmful compounds during industrial food preparation or storage. 18th Chapter of Chapter 470 Thus, common treatments include the use of synthetic antioxidants such EDTA, butylated hydroxyanisole (BHA), and butylated hydroxytoluene (BHT) (62). Some synthetic compounds have been associated with harmful health effects, despite the fact that their usage is governed and constrained by legislation (63).
As a result, the use of colors originating from numerous natural sources has increased in popularity, making microalgae a useful and acceptable alternative from an ecological standpoint. Phycocyanin, a blue pigment from A. platensis, -carotene, a yellow pigment from Dunaliella, and astaxanthin, a yellow to red pigment from Haematococcus, are examples of nontoxic and noncancerous natural pigments that are becoming more and more popular (32).
The appearance of margarine, fruit juices, cheese, baked goods, canned meals, dairy products, and sweets is greatly improved by the use of carotenoids from the Dunaliella genus, such as -carotene. It has been acknowledged as a secure and natural food color by the US Food and Drug Administration (US FDA). As was already mentioned, as a pro-vitamin A (retinol), -carotene is also used in the preparation of nutritious meals (2).
One. platensis As of right now, phycocyanin is used as a food coloring in confections, jellies, chewing gum, ice cream, popsicles, soft drinks, dairy products, and wasabi (1,2). Additionally, to boost the protein and fiber content of cookies and perhaps provide health benefits, whole A. platensis and phycocyanin extracts have been used (64).
Feed
Salmon farming depends heavily on the color of the fish. The main source of synthetic astaxanthin used to produce carotenoids. As an alternative, Chlorella sp.'s canthaxanthin, astaxanthin, and lutein have been widely employed and, as a result, have been added as ingredients in feed for salmonid fish, trout, and poultry to improve their reddish color or the yellowish color of egg yolk (65,66). Aside from that, astaxanthin can increase the resistance of fish and prawns, promoting their survival and healthy growth (51). The US FDA permits astaxanthin as a colorant additive in fish feed (32), which should be noted. -Fish and shellfish are given carotene-rich feed to improve their appearance (51).

Other applications 
Phycobiliproteins play a crucial function in fluorescent-based detection systems, especially in flow cytometry, because of their spectrum characteristics (67). Additionally, eyeliners and lipsticks also use phycocyanin as a coloring agent (1). Additionally, streptavidin-labeled phycoerythrin has been utilized to detect DNA and protein probes, and it has been used as a second color in fluorescent-labeling antibodies due to its absorbance spectrum properties (54). For external and intracellular labeling in flow cytometry, additional low-molecular-weight phycobiliproteins from cryptomonads can be utilized (68).
Microalgae in cosmetics and cosmeceuticals 
According to the definition given by the dictionary, cosmetics are "articles intended to be rubbed, poured, sprinkled, or sprayed on, introduced into, or otherwise applied to the human body or any part for cleansing, beautifying, promoting attractiveness, or altering appearance" (69). Cosmetics are therefore not meant to interfere with how the human body works, unlike pharmaceuticals and medicines. Contrarily, cosmetics and pharmaceuticals that are not internationally harmonised are referred to as "cosmeceuticals," or "over-the-counter" (OTC) goods in the United States and "quasi-drugs" in Japan, respectively. The nomenclature is disputed and focuses mostly on the concentration of active ingredients, stratum corneum penetration, mechanism of action clarification, and clinical trials to back up claims (70). This article will treat the phrases "cosmetics" and "cosmeceuticals" as a single class.
Microalgae utilization in cosmetics/cosmeceuticals is an attractive method to meet the rise in the search for innovative natural components from ecologically sustainable biomass due to their high productivity and simplicity of extraction under controlled conditions (71). Innovative extraction and purification methods have been created to explore the potential of microalgae biomass in cosmetics because it is challenging to include the complete biomass into cosmetic compositions. 
Numerous cosmetic products containing microalgae have been developed with the help of scientific research on the biological functions of microalgae extracts or their constituents, such as rheology modifiers such specific polysaccharides (72,73). Biopeptides, which promote collagen, and astaxanthin and its esters, which have potent antioxidant properties to prevent tyrosinase-induced hyperpigmentation, are other substances that may start biochemical processes on the skin (74, 75). As a result, these substances may be present in a variety of commercial cosmetic formulations, including sunscreens, emollients, anti-aging and regeneration lotions, and hair care items (76, 77). However, very few products are bought and sold on a worldwide basis.As a result, biopigments made from microalgae biomass are desirable alternatives with economic potential because of their quick growth and high pigment content with a wide range of color variations and minimal to no risk of skin allergy reactions (32,77).
                    Table 2: Cosmetic products on the market with pigments from microalgae
	Cosmetic
	Cyanobacteria/microalgae
	Pigment
	Potential activity
	       Referance

	Pepha®-Ctive
	Dunaliella salina
	β-Carotene
	Antioxidant, stimulates cell
proliferation
	78

	Dermochlorella
D®
	Chlorella vulgaris
	Carotenoids
	Photoprotection against UV
light and oxidative damage,
enhances collagen synthesis
	79

	OceaRides™
	Odontella spp.
	NI
	Stimulates elastin synthesis
	80

	AstaPure®
	Haematococcus  pluvialis
	Astaxanthin
	Antioxidant properties
	81

	FucoVital™
	Phaeodactylum tricornutum
	Fucoxanthin
	Antioxidant properties
	81

	Megassane®
	Phaeodactylum tricornutum
	NI
	Cell protection from UV, prevention of photo-aging
and age-spots
	82

	Linablue®
	Arthrospira spp.
	Phycocyanin
	Eye shadow
	83



Table 2 summarizes the usage of microalgae pigments in commercial cosmetics. Natural pigments produced by the photosynthetic process of microalgae are what give biomass its color. Carotenoids, chlorphylls, and phycobiliproteins are the three categories into which photosynthetic pigments fall. Thus, autotrophic organisms like plants, algae, and cyanobacteria use them to harvest solar energy, which is then transformed into chemical energy through photosynthesis (84). As extensively discussed in specialized literature, controlled environmental conditions during microalgal growth may enhance the synthesis of lipids, proteins, and pigments (85, 86, 87, 88).Safety (toxicological considerations) of microalgae pigments
Recently, attention has been drawn to the detrimental effects that algae have on fisheries, aquaculture, and freshwater resources. Algal cells have evolved a variety of defense mechanisms and environmental adaptation strategies, including the production of phycotoxins, metabolites, some of which have biological activities, and other metabolites (89,90).
However, only about 200 of the hundreds of different species of microalgae are believed to be harmful, and only about 100 of them are thought to be able to produce toxins. The two most lethal genera of microalgae are planktonic and benthic dinoflagellates and planktonic diatoms. In some rare instances, phytotoxins can be lethal to humans (90, 91). They can also cause gastrointestinal, cutaneous, and neurological problems in humans. 
Additionally, cyanotoxins, inorganic arsenic, and heavy metals can all be present in microalgae and its derivatives (92, 93). Additionally, the Food and Drug Administration (FDA) and other international regulatory bodies may develop standard criteria that can be used to guarantee the quality and security of products made from microalgae (94). Additionally, employing effective extraction techniques may be a useful tactic for collecting pigments or other components from microalgae while removing the presence of risky phycotoxins or other hazardous leftovers. Microalgae from aquaculture, which has a more regulated environment than natural sources, can avoid some toxicological risks of contamination and bioaccumulation. But businesses should set up monitoring systems to look for harmful algal species, phycotoxins, and other poisons during the production process. The creation of more accurate, sensitive, and speedy methods for determining various microalgae species and toxins has advanced significantly in recent years (95). 
Additionally, recent discussions in the United States, Japan, China, and Europe (96) have focused on legal and regulatory issues related to the commercialization of carotenoids generated from microalgae biomass for food and cosmetic purposes. Astaxanthin, -carotene, and chloprophyll generated from specific microalgae species are regulated and permitted by the FDA due to their benign and noncarcinogenic properties (32). Additionally, Haematococcus pluvialis astaxanthin has been approved for use as a coloring agent in Europe, the US, and Japan. As a result, the FDA has approved it for direct human consumption and given it the "generally recognized as safe (GRAS)" classification (97).
Conculsion
Major pigments like chlorophyll a, b, and c, astaxanthin, b-carotene, xanthophylls, and phycobiliproteins have a wide range of fascinating uses in diagnostics, biomedical research, treatments, and coloring in cosmetics, dairy products, and other foods. Due to their safety and lack of carcinogenic potential, they are replacing synthetic ones in favor. Microalgae's pigment concentration changes depending on its species and growing environment. Microalgal pigment development is influenced by a number of factors, including temperature, salinity, irradiance, wavelength, photoperiods, pH, nutrition restriction, nitrogen supplements, pesticides, and heavy metals. As a result, while creating microalgal pigments for use in a range of applications, the factors described above should be taken into account. These advantages demonstrate its wide range of prospective applications and value, some of which have already been successfully produced on an industrial scale. Therefore, more study is required to improve currently used techniques and identify untapped new technologies linked to microalgae characteristics, pigment properties, and biosynthetic metabolism. In order to get beyond these obstacles and create practical ways to market bioproducts, it is essential to continuously seek for novel technology. In order to use fewer solvents and use less energy, it is also crucial to find ways to collect and characterize bioproducts. This will help to lower the costs and environmental consequences of the process as well. The information acquired by bibliometric mapping enables a thorough evaluation of the topics that were most often searched over the previous 10 years. This made it possible to get a broad picture of the research being done as well as what's coming up in terms of microalgae in the future. For microalgae to enter the market more forcefully and to hasten the commercialization of desirable products in order to develop industrial-scale microalgae, each of these factors needs to be explored.
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