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Abstract: Riverine, estuarine, and coastal populations have always used algae in the development of
home remedies that were then used to treat diverse health problems. The empirical knowledge of
various generations originated these applications, and their mechanism of action is, in most cases,
unknown, that is, few more scientific studies would have been described beyond simple collection
and ethnographic recording. Nevertheless, recent investigations, carried out with the purpose of
analyzing the components and causes that alter the functioning and the balance of our organism,
are already giving their first results. Water, and especially sea water is considered as essential to
life on our planet. It sings all the substances necessary and conducive to the development of the
living being (minerals, catalysts, vitamins, amino acids, etc.). Oceans cover over 70% of Earth, being
home to up to 90% of the organisms in the planet. Many rich resources and unique environments are
provided by the ocean. Additionally, bioactive compounds that multiple marine organisms have a
great potential to produce can be used as nutraceuticals, pharmaceuticals, and cosmeceuticals. Both
primary and secondary metabolites are produced by algae. The first ones are directly implicated in
development, normal growth, or reproduction conditions to perform physiological functions. Stress
conditions, like temperature changes, salinity, environmental pollutants, or UV radiation exposure
cause the performance of secondary metabolites. In algae, proteins, polysaccharides, fatty acids,
and amino acids are primary metabolites and phenolic compounds, pigments, vitamins, sterols, and
other bioactive agents, all produced in algae tissues, are secondary metabolites. These algal active
constituents have direct relevance in cosmetics.

Keywords: cosmetic products; cosmeceuticals; seawater; thalassotherapy; bath; skin; UV protection;
treatment; eczemas; dermatoses; psoriasis; nasopharyngeal inflammations; conjunctivitis

1. Introduction

Biologically active substances can be identified and extracted from a very heterogeneous group in
the oceans, the marine organisms, which are excellent reservoirs for this. These substances have the
potential to act as nutritional supplements, pharmaceuticals, cosmeceuticals, cosmetics, fine chemicals,
and enzymes [1]. The non-disputed treasures of the ocean are the algae (macro and microalgae).

Their immense ability to adapt makes them invulnerable to most difficult living conditions.
Their use in cosmetics was discovered due to their skin care characteristics as true multi-talents.

Algae provide the skin with moisture, promote blood circulation, activate the cell renewal and the
metabolism, regulate the sebaceous gland function, drain the tissues, have an anti-inflammatory effect,
and increase the skin’s resistance [2,3].
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Taxonomy of Algae and Their Bioactivities

Algae, like most plants, have cells with pigments that allow them to perform photosynthesis.
This group of organisms has a wide geographic distribution, colonizing several places, but always
connected to the presence of water. They can be found hovering in water, fixed to rocks and walls,
or in association with other organisms, as in the case of lichens, in association with fungi. The algae
are particularly abundant in the seas, rivers, and lagoons, inhabiting the euphotic (or photic) region,
that is, until light penetration permits photosynthesis (up to about 200 m depth, depending on the
site). Algae are benthic (mainly macroalgae), or planktonic (microalgae). The first ones live adhered
to a substrate (usually rock), are macroscopic and can reach 50 m in length; the second ones are very
small (microscopic) and live suspended in the water column [4,5].

Seaweed (or macroalgae) are aquatic photosynthetic organisms belonging to the Eukaryota
domain and to the Plantae (green and red algae) and Chromista (brown algae) kingdoms, respectively.
Although classification systems have evolved over time, it is generally consensual that [4,6–8]:

(a) red algae are included in the Rhodophyta phylum, and their photosynthetic pigments are
chlorophyll a, phycobilins (r-phycocyanin and r-phycoerythrin), and carotenoids (lutein,
zeaxanthin, β-carotene);

(b) brown algae are included in the Ochrophyta (or Heterokontophyta) phylum, Phaeophyceae class,
and their pigments include chlorophylls a, c, and carotenoids (fucoxanthin); and

(c) green algae are included in the Chlorophyta phylum and their pigmentation is identical to that of
land plants (chlorophyll a, b, and carotenoids).

Due to their diversity of constituents, algae have been widely used in many parts of the world
as a source of essential compounds for human nutrition, and for the cosmetic and pharmaceutical
industries. They are source of: proteins of excellent quality, because they contain all the essential
amino acids; polyunsaturated fatty acids, especially the omega-3 family and other essential fatty acids;
carbohydrates; vitamins; minerals (magnesium and calcium); dietary fibers (such as alginates, agar and
carrageenans) and bioactive secondary metabolites (such as phytosterols and polyphenols), among
others [9–17].

Seaweed as a basic diet item has been used in China, Korea and Japan since prehistoric times.
In 600 BC, in China, Sze Teu wrote: “Some seaweed is a delicacy suitable for the most honored guests,
and even for the king himself.” About 21 species of algae are used in everyday cooking in contemporary
Japan, six of them since the 8th century [18].

Macroalgae produce both primary metabolites, which are directly involved in physiological
functions, under normal growth conditions, namely reproduction, and secondary metabolites, which
are produced under different stress conditions, such as exposure to UV radiation, changes in
temperature, salinity or environmental pollutants. Primary algal metabolites include proteins, amino
acids, polysaccharides, and fatty acids. The secondary metabolites produced in algae tissues are
phenolic compounds, pigments, sterols, vitamins, and other bioactive compounds [9,17–20].

2. Bioactive Compounds Used in Cosmeceuticals

Due to the chemical diversity and unique properties, algae have been the subject of many studies
and are widely used in the cosmetics industry (Table 1) [21–134]. Algae contain different biochemical
compounds including polysaccharides, proteins, lipids, phenolic compounds, pigments, vitamins,
and other bioactive substances [135], as well as macro and microelements [19,29,30,45]. Seaweeds
produce both primary metabolites, which are directly involved in normal growth, development,
or reproduction conditions to perform physiological functions, and secondary metabolites, which
are performed under different stress conditions, such as UV radiation exposure, salinity, temperature
changes, or environmental poisons. Primary metabolites in algae include polysaccharides, proteins,
amino acids, and fatty acids. Secondary metabolites produced in seaweed tissues are pigments,
phenolic compounds, sterols, vitamins, and other bioactive agents.



Cosmetics 2018, 5, 68 3 of 41

Table 1. Bioactive properties of some compounds extracted from algae.

Species Extract/Compound Cosmetics Properties and/or Products References

Chlorophyta (green algae)

Codium tomentosum Extract 3 Moisturizing [21]

C. tomentosum Extract Skin moisturization and protection [22,23]

Chlorella vulgaris * Extracts Anti-stretch marks creams, body lotions, eye creams, face masks,
shower gels [24,25]

Cladophora glomerata Chlorophylls (a, b, c, d) Antibacterial, antioxidant, coloring, antibacterial, deodorizing, tissue
growth stimulating agents [26–28]

Caulerpa sp. Extracts: steroids, flavonoids, phenols
hydroquinone and saponin Tyrosinase inhibitor to inhibit melanin pigment [37]

Dunaliella salina * Carotenoids (astaxanthin, β-carotene,
fucoxanthin, lutein)

Tyrosinase inhibitors, antiaging, anti-inflammatory, antioxidant, adical
scavengers, antiphotoaging agents, and colorants [27,29,30]

D. tertiolecta * Phenolic compund Anti-aging [31]

Tetraselmis suecica * Phenolic compund Anti-aging [31]

Haematococcus lacustris (as H. pluvialis) * Carotenoids (astaxanthin, β-carotene,
fucoxanthin, lutein)

Antioxidant, anti-inflammatory, antiaging, antiphotoaging agents, radical
scavengers, colorants, and tyrosinase inhibitors [27,29,30]

H. lacustris (as H. pluvialis) * Astaxantin Anti-aging [32]

Ulva australis (as Ulva pertusa) Proteins (amino acids) Moisturizers, antioxidants, and natural sunscreens [29,33]

Ulva compressa
(as Enteromorpha compressa) Micronized algae Body scrubs, face peelings, antiaging and smoothing face creams, firming

body lotions [24,34]

U. compressa (as E. compressa) Extracts Body lotions, cleansing gels, face masks, fluids, tonics, hair shampoos, day
and night face creams, eye creams [24,25]

U. lactuca Chlorophylls (a, b, c, d) Antibacterial, antioxidant, coloring, antibacterial, deodorizing, tissue
growth stimulating agents [26–28]

U. lactuca Seaweed lipopeptide mixed with clay Anti-elastase, collagen synthesis stimulation [35]

U. lactuca Seaweed polysaccharide mixed with clay 1 anti-aging, antioxidant activity, anti-elastase, collagen synthesis
stimulation [37,38]

U. lactuca Sulfated polysaccharide (ulvan) Antioxidative, chelating, gelling, moisturizing, and protective agents [39,40]

U. lactuca Tripeptide: arginine, glycine, aspartic acid Stimulation of collagen production via TGF-β, elastine, increase in the
biosynthesis of collagen I [41]

U. lactuca Carotenoids (astaxanthin, β-carotene,
fucoxanthin, lutein)

Anti-inflammatory, antiaging, antioxidant, tyrosinase inhibitors,
antiphotoaging agents, radical scavengers, colorants [27,29,30]



Cosmetics 2018, 5, 68 4 of 41

Table 1. Cont.

Species Extract/Compound Cosmetics Properties and/or Products References

Chlorophyta (green algae)

U. lactuca Fatty acids Antioxidant, cytoprotective Nrf2-ARE pathway [42]

U. lactuca Extracts Exfoliating gel, body mask, bath salts, moisturizing cream (components of
the thalassotherapy kit 2) [43]

U. rigida (as U. armoricana) Sulfated polysaccharide (ulvan) Antioxidative, chelating, gelling, moisturizing, and protective agents [39,40]

U. rigida Sulfated polysaccharide (ulvan) Antioxidative, chelating, gelling, moisturizing, and protective agents [39,40]

U. rotundata Sulfated polysaccharide (ulvan) Antioxidative, chelating, gelling, moisturizing, and protective agents [39,40]

Ulva sp. Lectins Antiadhesive agents, antibacterial, anti-inflammatory, antiviral [44]

Ochrophyta (Phaeophyceae,
brown algae)

Alaria esculenta Extract Skin anti-ageing [45]

Ascophyllum nodosum Sulfated polysaccharide (fucoidan) Antioxidant, anticellulite, antiviral, anti-inflammatory, anti-aging,
antiphotoaging agents, elastase, tyrosinase inhibitors [46,47]

A. nodosum Acid hydrolyzed fucoidan

Protective effects of elastin degradation by downregulating elastase
activity; in vitro stimulation of dermal fibroblast proliferation; in vivo
inhibition of gelatinase A secretion and interleukin-1β in dermal
fibroblast cells.

[48]

A. nodosum Phlorotannins: eckols, fucols, fucophlorethols,
fuhalols, phlorethols

Tyrosinase and hyaluronidase inhibitors, anti-inflammatory,
antioxidants, antiaging, antiphotoaging, antiallergic, chelating agents,
UV screens, histamine

[17,19,29,49]

A. nodosum Extract Skin moisturization and protection [22,23]

A. nodosum Extract Anti-free-radical, tyrosinase inhibiting 4 [51]

A. nodosum Extract Skin conditioning regenerating and sebum regulating agent 5 {51]

A. nodosum Micronized algae Anticellulite and face creams, slimming creams, and serum [24,52]

A. nodosum Aqueous extracts rich in phytohormone: abscisic
acid, auxins, betaines, cytokines, gibberellins Antiaging, antiwrinkle activities 6 [132,133]

Bifurcaria bifurcata Extracts Exfoliating gel, body mask, bath salts, moisturizing cream (components of
the thalassotherapy kit 2) [43]

Cladosiphon okamuranus Extract Skin moisturization and protection [22,23]
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Table 1. Cont.

Species Extract/Compound Cosmetics Properties and/or Products References

Ochrophyta (Phaeophyceae,
brown algae)

Cystoseira nodicaulis Phlorotannins: fucophloroethol, bieckol,
phlorofucofuroeckol, 7-phloroeckol

Anti-inflammatory, antioxidant, anti-skin aging, anti-wrinkling
(hyaluronidase Inhibition), lipid peroxidation inhibition [53]

C. tamariscifolia Phlorotannins: fucophloroethol, bieckol,
phlorofucofuroeckol, 7-phloroeckol

Anti-inflammatory, antioxidant, anti-skin aging, anti-wrinkling
(hyaluronidase Inhibition), lipid peroxidation inhibition [53]

C. usneoides Phlorotannins: fucophloroethol, bieckol,
phlorofucofuroeckol, 7-phloroeckol

Anti-inflammatory, antioxidant, anti-skin aging, anti-wrinkling
(hyaluronidase Inhibition), lipid peroxidation inhibition [53]

Durvillaea antarctica Extract Skin moisturization and protection [22,23]

Durvillea spp. Alginates Emulsion stabilizers, chelating agents, colloids, gelling,
immunostimulating agents, moisturizing, protective colloids [20,54]

Ecklonia arborea
(formerly Eisenia arborea) Methanol extracts rich in phlorotannins Potentiality to treat histamine-related inflammatory diseases that include

atopic dermatitis (AD) [55]

Ecklonia bicyclis (as Eisenia bicyclis) Phlorotannins (Phlorofucofuroeckol A, dieckol,
eckol, phloroglucinol, 8.8′-bieckol) Inhibition of hyaluronidase, anti-wrinkling [55]

Ecklonia cava Proteins (amino acids) Radical scavengers, antioxidant, chelating agents [56–58]

E. cava Phlorotannins: dieckol and phloroglucinol Histamine release, anti-allergic [59]

E. cava Phlorotannins (eckol, dieckol, dioxinodehydroeckol,
7-phloroeckol, phloroglucinol, phloroglucinol) Tyrosinase inhibition with whitening effect [60,61,68]

E. cava Phlorotannins (eckol, dieckol, dioxinodehydroeckol,
7-phloroeckol, phloroglucinol, phloroglucinol)

Phlorotannin’s effect on melanogenesis and their protective effect against
photo-oxidative stress induced by UV-B radiation [62]

E. cava Phlorotannins: 6,6′-bieckol and
dioxinodehydroeckol Matrix metalloproteinases (MMPs) inhibition, anti-wrinkling [50,62]

E. cava Sulfated polysaccharide (fucoidan) Antiviral, anticellulite, antioxidant, anti-inflammatory, antiphotoaging
agents, elastase, inhibitors of tyrosinase, antiaging, [46,47]

E. cava Phlorotannins: dieckol Hair growth [63]

E. cava Phlorotannins: eckols, fucols, fucophlorethols,
fuhalols, phlorethols

Antiaging, antiphotoaging, anti-inflammatory, antioxidant, histamine,
tyrosinase, antiallergic, chelating agents, antioxidants, UV screens,
inhibitors of hyaluronidase

[17,19,29,49]

E. cava Phlorotannins (eckol, eckstolonol, dieckol,
triphlorethol A, fucodiphlorethol G, phloroglucinol) Antioxidant, UV protection [61,64,65]
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Table 1. Cont.

Species Extract/Compound Cosmetics Properties and/or Products References

Ochrophyta (Phaeophyceae,
brown algae)

E. cava Phlorotannins: dioxinodehy-droeckol Hair growth [66]

E. cava Phlorotannins: dieckol Adipogenesis inhibitory effect [67]

E. cava
Phlorotannins (eckol, 7-phloroeckol, dieckol,
dioxinodehydroeckol, phloroglucinol,
phloroglucinol)

Tyrosinase inhibition, whitening effect [68]

E. kurome Phlorotannins: dieckol, eckol, phloroglucinol,
phlorofucofuroeckol A and 8.8′-bieckol Hyaluronidase inhibition, anti-wrinkling [69]

E. stolonifera Phlorotannins (eckol, phlorofucofuroeckol A,
dieckol, eckstolonol, phloroglucinol) Tyrosinase inhibition, whitening effect [70]

E. stolonifera Phlorotannins: eckol and dieckol Matrix metalloproteinases (MMPs) inhibition, anti-wrinkling [71]

E. stolonifera Phlorotannins: phlorofucofuroeckol A Anti-inflammatory [72]

Fucus spiralis Phlorotannins: phlorofucofuroeckol, bieckol,
fucophloroethol, 7-phloroeckol

Anti-inflammatory, antioxidant, anti-skin aging, anti-wrinkling
(hyaluronidase Inhibition), lipid peroxidation inhibition [53]

F. vesiculosus Sulfated polysaccharide (fucoidan) Antiphotoaging agents, antioxidant, antiaging, elastase, anticellulite,
antiviral, anti-inflammatory, inhibitors of tyrosinase [46,47]

F. vesiculosus Sulfated polysaccharide (fucoidan) Anticoagulant, antioxidant, skin fibroblast stimulation [73]

F. vesiculosus Phlorotannins: eckols, fucols, fucophlorethols,
fuhalols, phlorethols

Antiphotoaging, antiaging, anti-inflammatory, antiallergic, antioxidants,
chelating agents, UV screens, inhibitors of histamine, tyrosinase, and
hyaluronidase

[17,19,29,49]

F. vesiculosus Fucoidan and alginate Antioxidative properties, prevent skin aging and cutaneous disorders [74]

F. vesiculosus Micronized algae Topical cosmetic compositions for treating or preventing cellulite [75–77]

F. vesiculosus Fucoidan-rich extracts with high polyphenol
content

Increased brightness and skin age spot reduction, UV radiation protection
and soothing [79]

F. vesiculosus Extract Emollient, humectant, masking, oral care, skin conditioning [81]

F. vesiculosus Micronized algae Slimming, antiaging, and anticellulite creams, body scrubs [24,52,80]

Halopteris scoparia Aqueous extracts: phytohormones (e.g., gibberellins,
auxins, betaines, cytokines, abscisic acid) Antiaging and antiwrinkle activities 6 [130,131]

Himanthalia elongata Fatty acids and volatile compounds Antioxidant and antimicrobial activity [81]

Ishige foliacea Phlorotannins: octaphlorethol A Tyrosinase inhibition, whitening effect [82]
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Table 1. Cont.

Species Extract/Compound Cosmetics Properties and/or Products References

Ochrophyta (Phaeophyceae,
brown algae)

I. okamurae Phlorotannins: diphlorethohydroxycarmalol Antioxidant, UV protection [83]

Laminaria digitata Carbohydrates (69%), minerals (20%),
proteins (11%) Lipolytic 5 [51,84]

L. digitata Micronized algae Antiaging, antiacne, slimming and anticellulite creams and lotions,
peelings, moisturizing face creams [24,52,80]

L. hyperborea Extracts Antiaging, and antiacne creams, face masks, tonics, fluids,
moisturizing, tonics [24,25]

L. ochroleuca Extracts
Antiacne creams, antiaging creams and serums, cleansing gels, day and
night face creams, fluids, tonics, hair shampoos and conditioners, sun
protection creams

[24,25]

Laminaria sp. Laminarans Antioxidant, anticellulite and anti-inflammatory agents [19]

Laminaria sp. Alginates Gelling colloids, emulsion stabilizers, immunostimulating agents,
moisturizing, protective phycocolloids [20,54]

Lessonia sp. Alginates Emulsion stabilizers, chelating agents, colloids, gelling,
immunostimulating agents, moisturizing, protective colloids [20,54]

Macrocystis sp. Alginates Emulsion stabilizers, chelating agents, colloids, gelling,
immunostimulating agents, moisturizing, protective colloids [20,54]

Padina boergesenii Sulfated polysaccharides Collagen formation and epidermal regeneration [85]

P. pavonica Methanolic extract Antifungal and antibacterial, maintaining skin flora in state of equilibrium [86]

P. pavonica Extract Keratinocytes differentiation, protein synthesis activation [87,88]

P. tetrastromatica Sulfated polysaccharides Collagen formation and epidermal regeneration [85]

Pelvetia canaliculata Ethanol extract: alginic acid, amino acids,
flavonoids, fucoidans, polyols

Antioxidant, collagen synthesis stimulation, proteoglycans synthesis
stimulation. Anti-obesity effects [89,90]

Saccharina japonica
(as Laminara japonica) Fucoxanthin Anti-tyrosinase activity in guinea pig UVB irradiated, and melanogenesis

in mice UVB irradiated [91]

S. japonica (as Laminara japonica) Carotenoids: Astaxanthin, β-carotene,
fucoxanthin, lutein

Anticellulite, antioxidant, antiaging, anti-inflammatory, antiviral,
antiphotoaging agents, elastase, and inhibitors of tyrosinase [46,47]

S. japonica Polysaccharides Skin moisturization and protection [22,23]

S. longicruris Galactofucan (638 and 1529 kDa) Synthesis of matrix metalloproteinase and collagen-I, fibroblasts
growth rate [92]
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Table 1. Cont.

Species Extract/Compound Cosmetics Properties and/or Products References

Ochrophyta (Phaeophyceae,
brown algae)

S. sculpera (as Kjellmaniella crassifolia) Fucoidan Antiaging, antiwrinkle [93,94]

Sargassum fusiforme
(as Hijikia fusiformis) Fucoxanthin In vivo inducer of the Nrf2-ARE [95]

S. fusiforme (as H. fusiformis) Phlorotannins: 4-hydroxyphenethyl alcohol Tyrosinase inhibition, whitening effect [96]

S. macrocarpum Sargafuran Anti-acne cosmetics [97]

S. polycystum Flavonoids, tannins, terpenoids, phenols, saponins Anti-melanogenesis or skin-whitening effect [98,99]

S. siliquastrum Water (20 ◦C) extract Skin-whitening agent [100]

Scytosiphon lomentaria Proteins (amino acids) Radical scavengers, antioxidant, chelating agents [56–58]

Silvetia babingtonii (as Pelvetia wrightii) Polysaccharides Anticellulite [101]

Turbinaria conoides Fucoidan and alginate Antioxidative properties, prevent skin aging and cutaneous disorders [74]

Undaria peterseniana
(as Undariopsis peterseniana) Extract with apo-9′-fucoxanthinone Treatment with extract ex vivo for 21 days significantly increased the

hair-fiber lengths [102]

Undaria pinnatifida Sulfated polysaccharide (fucoidan) Antioxidant, anti-inflammatory, antiphotoaging, anticellulite, antiviral,
and antiaging compounds, elastase, inhibitors of tyrosinase [46,47]

U. pinnatifida Extract Skin moisturization and protection [22,23]

U. pinnatifida Fucoidan-rich extracts Skin immunity, soothing and UV protection [78]

Rhodophyta (red algae)

Acanthophora muscoides Sulfated polysaccharide (carrageenan) Anticoagulant, antinociceptive and anti-inflammatory, gelling agents [103–105]

A. nayadiformis (as A. delilei) Proteins (amino acids) Radical scavengers, antioxidant, chelating agents [56–58]

Chondria armata Galactoglycerolipids Antimicrobial activity (see also Chapters 7 and 8) [106,107]

Chondrus crispus Fatty acids (EPA, AA, DHA, GLA, ALA, LA,
palmitic acid, oleic acid)

Antiallergic, antiaging, anti-inflammatory, antiaging, antiwrinkle,
antimicrobial, antioxidant, emollients, regenerating compounds, used in
the treatment of eczema and psoriasis

[108,109]

C. crispus Sulfated polysaccharide (carrageenan) Gelling agents, protective colloids, thickeners [109]

C. crispus Polysaccharides Skin moisturization and protection [22,23]

C. crispus Extracts Exfoliating gel, body mask, bath salts, moisturizing cream (components of
the thalassotherapy kit 2) [43]
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Table 1. Cont.

Species Extract/Compound Cosmetics Properties and/or Products References

Rhodophyta (red algae)

C. crispus Extracts Body lotions, fluids, face creams, make-up removers, hair conditioners,
and shampoos [24,25]

Corallina officinalis Sulfated polysaccharides Antioxidant [110]

C. pilulifera Phlorotannins: eckols, fucols, fucophlorethols,
fuhalols, phlorethols

Antiaging, antiphotoaging, anti-inflammatory, antioxidants, antiallergic,
chelating agents, UV screens, inhibitors of the tyrosinase, histamine,
and hyaluronidase

[17,19,29,49]

Eucheuma serra Lectins Antiadhesive agents, antibacterial, anti-inflammatory, antiviral [44]

Furcellaria lumbricalis Micronlzed algae Topical cosmetic compositions for treating or preventing cellulite [75–77]

Gelidium sp. Agar Emulsion stabilizers, gelling agents, thickeners [112,113]

Gracilaria sp. Agar Emulsion stabilizers, gelling agents, thickeners [112,113]

Gracilariopsis longissima
(as Gracialaria verrucosa) Crude algal extract

Antioxidant and anti-inflammatory properties. The cosmetic cream
produced was also found to be cytotoxicity free. So, this species is
recommended for usage in cosmetic industry

[114]

Grateloupia elliptica Extract Prevention of hair loss [115]

Kappaphycus alvarezii
(as Eucheuma cottonii) Ethanolic and aqueous extracts Hair growth [116]

Jania rubens The alga was macerated using liquid N2, with the
addition of chilled aqueous methanol (70%, v/v)

Extract is a rich source of essential macro- as well as microminerals,
natural antioxidants, and bioactive metabolites with cosmeceutical
potential. Promising candidate for anti-ageing, skin whitening, skin
conditioning, skin polishing cosmetics

[117]

Laurencia pacifica Laurinterol Can kill bad bacteria (Staphylococcus aureus), maintaining skin flora in state
of balance [118]

Laurencia sp. Bromophenols Antioxidant, antimicrobial, antithrombotic agents [119]

Palmaria palmata MAAs Anti-UV [120]

P. palmata Proteins (amino acids) Moisturizers, antioxidants, natural sunscreens [29,33]

Porphyra umbilicalis MAAs Anti-UVA [121]

P. umbilicalis Fatty acids (EPA, AA, DHA, GLA, ALA, LA,
palmitic acid, oleic acid)

Antiallergic, antiaging, antiaging, anti-inflammatory, antiwrinkle,
antioxidant, antimicrobial, emollients, regenerating agents, used in the
treatment of eczema and psoriasis

[19,108]

P. umbilicalis Proteins (amino acids) Moisturizers, antioxidants, and natural sunscreens [29,33]
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Table 1. Cont.

Species Extract/Compound Cosmetics Properties and/or Products References

Rhodophyta (red algae)

P. umbilicalis Extract Skin conditioning [79]

P. umbilicalis Extract Sunscreen formulation with red algae extract; photoprotective formulation
with anti-aging properties [122]

Portieria spp. Phycobiliproteins: Allophycocyanin, phycoerythrin,
phycocyanin Antioxidant, anti-inflammatory, colorants, radical scavenging agents [19,29]

Pyropia dentata (as Porphyra dentata) Phytosterols: brassicasterol, ergosterol, fucosterol,
ergosterol, 3-sitosterol Antiallergic, anti-inflammatory agents, antioxidants, radical scavengers [19,29,123]

Pyropia haitanensis
(as Porphyra haitanesis) Porphyran, shinorine Anti-aging [124]

Pyropia haitanensis
(as Porphyra haitanensis) Sulfated galactans In vivo antioxidant activity [123]

Pyropia tenera (as Porphyra tenera) Source of anti-inflammatory and antioxidants
compounds Ingredients for cosmetic uses [126,127]

Pyropia yezoensis (as Porphyra yezoensis) Porphyran Antioxidant and anti-inflammatory [128]

Rhodella spp.* Phycobiliproteins: Allophycocyanin, phycoerythrin,
phycocyanin Antioxidant, anti-inflammatory, colorants, radical scavenging agents [19,29]

Rhodomela confervoides Methanolic extracts Antifungal and antibacterial, maintaining skin flora in state of stability [86]

Vertebrata lanosa (as Polysiphonia lanosa) Extract Skin moisturization and protection [22,23]

* Marine microalgae, 1 RevertimeTM, 2 SealgaeTM, 3 Codiavelane®, 4 Algowhite®, 5 Pheofiltrat, 6 Actiseane®.
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2.1. Hydrocolloids and Other Seaweed Polysaccharides

Polysaccharides (see Table 1) are the largest group of all active metabolites occurring in seaweed
(about 60% of all bioactive substances) [113,133]. These compounds are comprised of various building
blocks and form long molecules of carbohydrates of monosaccharide units linked by glycosidic
bonds. They are hydrophilic molecules, soluble in water and have a fairly regular structure. Algal
polysaccharides are structural components of cell walls and act as energy storage units. There are
many types of biologically active polysaccharides in algal tissues. Generally, these compounds are
ingredients with moisturizing and antioxidant capacity and are therefore used in cosmeceuticals. They
are also widely used as gelling agents and stabilizers in emulsions [19,133]. Polysaccharides, including
those of algal origin, are used in drug release, vaccine production, anti-thrombogenic, anticancer,
and antiadhesive [134].

2.1.1. Agar

Agar-agar, also known simply as agar or agarose (Figure 1), is a strongly gelatinous hydrocolloid
extracted from several genera and species of red seaweed (Rhodophyta), and consists of a heterogeneous
mixture of two polysaccharides, agarose and agaropectin. These substances flow as a structural
carbohydrate in the cell wall and in the intercellular spaces. The algae containing the agar are called
agarophytes [135]. The name of this polymer comes from the Malaysian word agar-agar. The main
genera of agarophytes algae are Gelidium, Gracilaria, Gelidiela, and Pterocladiella. However, many
cyanobacteria [136] as well as unicellular red algae, such as Rhodella and Porphyridium [137], also
produce agar. The earliest known records of agarose extraction date from the late 1950s or early 60’s of
the 17th century, with the discovery of the method of extraction at Mino Tarōzaemon in Japan, where
the product was designated as “kanten”. Agar forms rigid and brittle gels and is applied as thickener
and emulsion stabilizers in the food industry and in biotechnology [29,135,138].
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Agar is composed of a variable combination containing agarose and agaropectin, depending of the
species and seasonal factors. Agarose, which is the primary component of agar, is a linear polymer of
agarobiose, a disaccharide composed of D-galactose and 3,6-anhydro-L-galactopyranose. Agaropectin,
which occurs usually in minor amounts, is a heterogeneous mixture of β-1,3-linked D-galactose which
contain substituted sulfate and pyruvate moieties. The gelling property of agar relies heavily on the
extent of sulfation and the amount of 3,6-anhydrogalactose present [139,140]. Agar is often used as
a major ingredient in creams, as an emulsifier and stabilizer, and to control the moisture content in
cosmetic products such as hand lotions, deodorants, foundation, exfoliant/scrub, cleanser, shaving
cream, anti-aging treatment, facial moisturizer/lotion, liquid soap, acne treatment, body wash, and
facial powder [139]. Agar is an inert biocompatible substance that can tolerate temperatures up to
250 ◦C, so it is also unique in its ability to withstand near boiling-point temperatures, making it
ideal for use in jellied confections in tropical countries since the ingredients can be treated at high
temperatures and then cooled [140]. However, the sulfated-galactan component of agar might exhibit
bioactive activities [9,113,141].
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2.1.2. Alginic Acid

The main polysaccharide found in the brown seaweeds (Phaeophyceae) is the alginic acid
(Figure 2), a linear copolymer of β-D-mannuronic acid (M) and α-L-guluronic acid (G) units linked
together by 1→ 4 glycosidic bonds. The extraction process is based on the conversion of an insoluble
mixture of alginic acid salts of the cell wall in a soluble salt (alginate or algin) which is appropriate for
the water extraction [141–143]. This polysaccharide is derived from several species of brown algae
(e.g., mixed Fucales and Laminariales: Ascophyllum, Durvillaea, Ecklonia, Laminaria, Lessonia, Macrocystis,
Saccharina, Sargassum and Turbinaria) that are utilized as raw materials by alginate producers [9,113,143].
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Alginates swiftly form hydrogels in the presence of divalent cations such as Mg2+, Ca2+, Sr2+, and
Ba2+ [129]. The extraction of alginates is attained by the conversion of insoluble alginic acid and its
salts into water-soluble potassium and sodium alginate. The stiffness or viscosity of these gels depends
on the structural features of the polymer (a number of α-L-guluronate residues) and is highly affected
by the external salt concentration [141–144]. In addition to divalent cations, acidic conditions (low pH)
make it insoluble, producing gel-like characteristics. Nevertheless, both the sodium and potassium
salts of alginic acid are water-soluble [141].

Due to their chelating properties, alginates are widely used as gelling agents in drugs and
cosmetics, as thickeners, protective colloids, or emulsion stabilizers, useful for hand jellies and
lotions, ointment bases, pomades and other hair preparations, greaseless creams, dentifrices, and other
products. Alginates may also be used in the formulation of skin protective or “barrier” creams for the
prevention of industrial dermatitis. Creams of this sort give flexible films with improved adhesion to
the skin and is a suitable ingredient of beauty masks or facial packs [20,107].

2.1.3. Carrageenans

The product extracted from the red algae (carrageenophytes) in its pure state is called
“carrageenin” but is extremely unstable and difficult to obtain; consequently, carrageenin binds to one
or more cations to form various salts of carrageenin: the carrageenan. On the recommendation of the
Division of Organic Chemistry-ACS, the term “nan” should be used instead of the “nin”. Carrageenans
are polysaccharides extracted from several families of the order Gigartinales. These polygalactans are
sulfated and have a linear structure formed by galactose residues with alternating α (1–3) and β (1–4)
bonds. Carrageenan, in its pure dry state, is in the form of an odorless, tasteless powder. The solution
and the carrageenan gel are usually translucent and their incorporation into other solutions does not
modify the taste or the original coloration thereof. In solution, the polymers of carrageenan behave
like hydrophilic anionic colloids. Commercial carrageenans (used at the food level) have a high
molecular weight, usually ranging from 400 to 600 kDa, with a minimum of 100 kDa. This minimum
value was established by the regulatory authorities (FDA, EFSA, etc.) in response to reports of highly
degraded carrageenan-induced ulceration of the colon. From a commercial point of view, three main
types of extracted carrageenan are important: kappa (κ), iota (ι) and lambda (λ). Iota and kappa
carrageenans are gelling carrageenans, while lambda is a thickening/viscosifier carrageenan [144–146].
The idealized disaccharide repeating units of these carrageenans are given in Figure 3.
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Generally, seaweeds do not produce these idealized and pure carrageenans, but more likely a
range of hybrid structures. Several other carrageenan repeating units occur: e.g., theta (θ), xi (ξ), beta
(β), mu (µ), and nu (ν). The precursors (mu and nu), when exposed to alkali conditions, are modified
into kappa and iota, respectively, through formation of the 3,6-anhydrogalactose bridge [144–147].

Carrageenans are extracted from several carrageenophytes: i.e., Betaphycus gelatinum, Chondrus
crispus, Eucheuma denticulatum, Gigartina skottsbergii, Kappaphycus alvarezii, Hypnea musciformis,
Mastocarpus stellatus, Mazzaella laminaroides, Sarcothalia crispata, from the order Gigartinales
(Rhodophyta). This phycocolloid enters the composition of toothpastes, lotions, hair conditioners,
lotions, medicines, sun ray filterers, shaving creams, shampoos, deodorants sticks, sprays, and foams.
More than 20% of carrageenan production is used in pharmacy and cosmetology. Excipients of algal
origin are used in vanishing creams—the rapid evaporation of the emulsion’s aqueous phase on the
skin leaves a thin protective medicated oily microfilm [141,145,148,149].

2.1.4. Porphyran

Porphyrans (Figure 4) constitute a well-studied class of sulfated polysaccharides obtained
by aqueous extraction from red algae of the Porphyra/Pyropia and Bangia species (order Bangiales,
Rhodophyta). Temperatures higher than 60 ◦C and pH from the range 3.0–12.0 promote decomposition
of porphyrans [87]. The porphyrans have a linear structure formed by alternating units of
glycosidically substituted β-D-galactopyranose at carbon 3 and α-L-galactopyranose units substituted
at carbon 4 in a repeating alternating disaccharide arrangement which may be represented by
[→3)-β-D-galactopyranose-(1→4)-α-L-galactopyranose-(1→] n [150–153].
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This sulfated polysaccharide has shown potential skin whitening, anti-inflammatory, analgesic
and antiulcer properties [129] and, so, these bio-functional activities of porphyran are beneficial for
cosmeceutical applications.

2.1.5. Laminaran

Laminaran (Figure 5), also known as laminarin or leucosin, is a small glucan present in either
soluble or insoluble form-the first form is characterized by complete solubility in cold water, while the
other is only soluble in hot water. This polysaccharide is composed of D-glucose with β-(1,3) linkages,
with β-(1,6) intra-chain branching [135].
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Laminaran are derived mainly from brown seaweeds Laminaria, Saccharina, and to a lesser
extent in Ascophyllum, Fucus, Sargassum, and Undaria. Laminarans are reported to have antitumoral,
anti-inflammatory, anticoagulant, antiviral, and antioxidant properties [19]. The use of laminarin
in cosmetics relies not on their physical properties but on their broad range of bioactive properties.
As far as the application of laminaran is concerned, they are generally used in anticellulite cosmetics
products [107,143].

2.1.6. Fucoidan

Fucans are sulfated polysaccharides which contain a fucose backbone. The term “fucans” was
used to denote all L-fucose-rich polysaccharides, but as separation and analysis methods improved
and a better understanding of the composition and branching of that polysaccharide was achieved, the
nomenclature led to some confusion. “Fucans” or “sulfated fucans” are used to refer to the sulfated
polysaccharide of marine invertebrates containing L-fucose and less than 10% of other monosaccharide
units, while the name “fucoidan” is used for those with seaweed origin. Fucoidan (Figure 6) was
first isolated by Kylin, and the fucoidan from Fucus vesiculosus has been available commercially for
decades (Sigma-Aldrich Chemical Company, St. Louis, MO, USA) [4,154].

Fucoidans are sulfated water-soluble polysaccharides constituted essentially of sulfated
α-L-fucopyranose residues or may have a more complex and heterogeneous composition that, apart
from α-L-fucose and sulfates, may contain other monosaccharides (galactose, xylose, mannose,
rhamnose, glucose, and/or uronic acids) and may even have acetylated groups. Fucoidan
does not always appear as a pure polysaccharide, perhaps having multiple forms–differences in
branching, molecular weight, charge and substitutions—and may have other constituents from the
source [143,155].

Fucoidan can be easily “cooked” from edible seaweed, boiling for 20–40 min in water. When
consumed, it appears to reduce the intensity of the inflammatory response and promote a faster tissue
healing after wounding or surgical trauma. Hence its recommendation for cases of muscle and joint
injuries (including sports injuries), falls, bruises, deep cuts, and surgery [156].

These sulfated polysaccharides are now attracting considerable attention because of its
various bioactivates: anti-coagulant, anti-thrombotic, anti-inflammatory, skin protection against UV
radiation, tyrosinase inhibitor, antitumoral, antibacterial, anti-obesity, antidiabetic, antioxidative,
antihyperlipidemic [157–160].



Cosmetics 2018, 5, 68 15 of 41
Cosmetics 2018, 5, x FOR PEER REVIEW  15 of 41 

 

 
Figure 6. Idealized structure of the chemical units of fucoidan. 

Several studies have reported that the anticoagulant activity of fucoidans extracted from brown 
algae Eklonia cava and Fucus vesiculosus was due to inhibition of thrombin mediated by anti-thrombin 
III plasma; and its anticoagulant activity is equivalent to that of heparin [161–163]. In addition, 
fucoidans extracted from Ascophyllum nodosum, Fucus evanescenes, F. distichous, F. serratus, Laminaria 
digitata, Saccharina latissima, S. longissima, and Undaria pinnatifida, have also been described as having 
strong anticoagulant activities both in vivo and in vitro models [78,161,162]. 

In general, studies on the anticoagulant/antithrombin activities of fucoidans, revealed that they 
were mainly dependent on the content and/or positioning of sulfate groups in the molecule, as well 
as their molecular weight [161]. Moreover, the types of binding and branching and their monomeric 
composition may also exert moderate modulation on the biological properties of these sulfated 
polysaccharides [157,163,164]. In this context, it is possible that the anticoagulant/antithrombin 
activities exhibited by larger fucoidans are due to the higher content of the fucose and sulfate groups 
[78,156,161,163,164], although this is still under discussion [160,165,166]. 

It is said that the cosmetic effect of fucoidan on human skin was first discovered by accident-in 
an experiment with fucoidan, an investigator repeatedly manipulated the brown algae extract with 
his own hands and, to his surprise, the wounds on the skin of his hands healed quickly [167]. 

Moon et al. [168] found that treatment with fucoidan increased procollagen type I and inhibited 
expression of matrix metalloproteinase induced by UVB (ultraviolet B radiation). Accordingly, it is 
suggested that fucoidans may be potentially used as therapeutic agents to prevent photoaging of the 
skin. In addition, some studies have shown that fucoidans can minimize elastase activity in human 
leukocytes and thereby protect the elastic fibers of the skin [48]. Fucoidans also act as inhibitors of 
tyrosinase and, consequently, can reduce skin pigmentation while used in skin whitening products 
(Table 1) [17,47]. 

It has also been shown that the effects of fucoidan protect the hair and skin, which includes the 
elimination of free radicals, reduction of inflammation, wrinkles, allergies, and the sensitive skin 
reaction. In addition, fucoidan has been reported to improve the elasticity, firmness and brightness 
of the skin, as well as protection, growth, stiffness, cleanliness, and gloss of hair [169,170]. 

2.1.7. Ulvan 

Ulvan (Figure 7) is a water-soluble sulfated hetero-polysaccharide extracted from the cell-walls 
of species belonging to the phylum Chlorophyta (green algae), mostly belonging to the class 
Ulvophyceae, accounting for 8 to 29% of the algae dry weight [40,113]. Species of the genus Ulva, 
popularly known as “sea lettuce”, are widely distributed around the world and have been used on a 
small scale in food, medicine and agriculture [170–177]. Ulvan is composed of rhamnose, xylose, 
glucose mannose, galactose, and uronic acids. These sugars are structurally grouped into two main 
repetitive disaccharides, the ulvanobiuronic acids type A [(→ 4)-β-D-GlcA-(1 → 4)-α-L-Rha 3S-(1 →)], 
and type B [(→ 4)-α-L-IdoA(1 → 4)-α-L-Rha 3S-(1 →)] (Figure 7). However, the composition of the 
polysaccharide may be more complex and undergo taxonomic and/or ecophysiological variations. 
Ulvan has gelling properties in the presence of divalent cations such as Ca2+, Cu2+, and Zn2+, in a pH 

Figure 6. Idealized structure of the chemical units of fucoidan.

Several studies have reported that the anticoagulant activity of fucoidans extracted from brown
algae Eklonia cava and Fucus vesiculosus was due to inhibition of thrombin mediated by anti-thrombin III
plasma; and its anticoagulant activity is equivalent to that of heparin [161–163]. In addition, fucoidans
extracted from Ascophyllum nodosum, Fucus evanescenes, F. distichous, F. serratus, Laminaria digitata,
Saccharina latissima, S. longissima, and Undaria pinnatifida, have also been described as having strong
anticoagulant activities both in vivo and in vitro models [78,161,162].

In general, studies on the anticoagulant/antithrombin activities of fucoidans, revealed that they
were mainly dependent on the content and/or positioning of sulfate groups in the molecule, as well
as their molecular weight [161]. Moreover, the types of binding and branching and their monomeric
composition may also exert moderate modulation on the biological properties of these sulfated
polysaccharides [157,163,164]. In this context, it is possible that the anticoagulant/antithrombin
activities exhibited by larger fucoidans are due to the higher content of the fucose and sulfate
groups [78,156,161,163,164], although this is still under discussion [160,165,166].

It is said that the cosmetic effect of fucoidan on human skin was first discovered by accident-in an
experiment with fucoidan, an investigator repeatedly manipulated the brown algae extract with his
own hands and, to his surprise, the wounds on the skin of his hands healed quickly [167].

Moon et al. [168] found that treatment with fucoidan increased procollagen type I and inhibited
expression of matrix metalloproteinase induced by UVB (ultraviolet B radiation). Accordingly, it is
suggested that fucoidans may be potentially used as therapeutic agents to prevent photoaging of the
skin. In addition, some studies have shown that fucoidans can minimize elastase activity in human
leukocytes and thereby protect the elastic fibers of the skin [48]. Fucoidans also act as inhibitors of
tyrosinase and, consequently, can reduce skin pigmentation while used in skin whitening products
(Table 1) [17,47].

It has also been shown that the effects of fucoidan protect the hair and skin, which includes
the elimination of free radicals, reduction of inflammation, wrinkles, allergies, and the sensitive skin
reaction. In addition, fucoidan has been reported to improve the elasticity, firmness and brightness of
the skin, as well as protection, growth, stiffness, cleanliness, and gloss of hair [169,170].

2.1.7. Ulvan

Ulvan (Figure 7) is a water-soluble sulfated hetero-polysaccharide extracted from the cell-walls of
species belonging to the phylum Chlorophyta (green algae), mostly belonging to the class Ulvophyceae,
accounting for 8 to 29% of the algae dry weight [40,113]. Species of the genus Ulva, popularly
known as “sea lettuce”, are widely distributed around the world and have been used on a small
scale in food, medicine and agriculture [170–177]. Ulvan is composed of rhamnose, xylose, glucose
mannose, galactose, and uronic acids. These sugars are structurally grouped into two main repetitive
disaccharides, the ulvanobiuronic acids type A [(→ 4)-β-D-GlcA-(1→ 4)-α-L-Rha 3S-(1→)], and type B
[(→ 4)-α-L-IdoA(1→ 4)-α-L-Rha 3S-(1→)] (Figure 7). However, the composition of the polysaccharide
may be more complex and undergo taxonomic and/or ecophysiological variations. Ulvan has gelling
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properties in the presence of divalent cations such as Ca2+, Cu2+, and Zn2+, in a pH range of 7.5 to
8.0, and tolerates temperatures up to 180 ◦C [113,172–174]. Both, the rheological and biofunctional
properties of ulvans make them desirable as raw material for cosmeceuticals [113,132,171]. A US
patent describes synergistic skin protective and bioactive effects of rhamnose and fucose against skin
aging [172].

The mechanism of gel formation by ulvans is complex and involves the formation of spherically
shaped structures of ulvans in the presence of boric acid and calcium ions [39,40]. Apart from
their ability to create gels, ulvans have moisturizing, protective, antitumor, and antioxidative
properties [107,113]. The unique chemical and physicochemical properties of ulvan make this class
of polysaccharides attractive candidates for novel functional and biologically active polymers for the
food/feed, chemical aquaculture, pharmaceuticals, cosmeceuticals, and agriculture domains [39].
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2.2. Proteins and Amino Acids

Proteins are biological macromolecules made up of one or more chains of amino acids. Proteins are
present in all living beings and participate in virtually all cellular processes, performing a wide range
of functions in the body, such as DNA replication, response to stimuli, and transport of molecules.
Many proteins are enzymes that catalyze biochemical reactions vital to metabolism. Proteins are
present in algae in different ways, for example, as single or conjugated proteins (conjugated proteins
or heteroproteins are those which release by hydrolysis other chemical components in addition to
amino acids). In addition, algae may contain protein derivatives, such as enzymes or peptides,
as well as free amino acids [109]. Proteins and their derivatives are characterized by their diverse
structure, cellular location and their functions. Most of these components have anti-inflammatory,
antioxidant, anti-tumor, anti-aging, and protective activity. In addition, algae proteins are applied as
moisturizing agents to hair and skin [44]. Therefore, proteins can be used successfully in functional
and cosmeceuticals [174].

Amino acids generally act as moisturizing agents in cosmetic products because many of them
are constituents of the natural moisturizing factor (NMF) in human skin [107]. Algae may contain
endogenous amino acids, such as alanine, serine, proline, and exogenous amino acids, such as histidine,
tyrosine, and tryptophan [19,43]. Some species of algae are good sources of essential amino acids;
for example, Ulva australis contains histidine and taurine, which have antihypertensive and antioxidant
properties [33]. Other studies have shown that red alga Palmaria palmata (Dulse) and brown algae
Himanthalia elongata (sea spaghetti) contain high concentrations of serine, alanine, and glutamic
acid [175–177].

Mycosporine-like amino acids (MAAs) are a family of secondary metabolites whose production is
directly or indirectly related to the absorption of solar energy, and which protect marine organisms
exposed to high UV radiation [120,178]. MAAs have been detected in diverse organisms and
especially in red macroalgae (Rhodophyta)—Chondrus crispus, Palmaria palmata, Gelidium spp.,
Porphyra/Pyropia spp., Gracilaria cornea, Asparagopsis armata, Solieria chordalis, Grateloupia lanceola, and
Curdiea racovitzae [177–179]. The content of MAAs is higher in summer and at a moderate depth
(0–1 m). MAAs may be potentially used in cosmetics and toiletries as UV protectors and activators of
cell proliferation [179].
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2.3. Pigments

Recently, coloring of food and cosmetics is achieved by the presence of substances extracted from
natural sources that, in addition to coloring, bring beneficial effects to human health by acting to protect
the body and prevent diseases. Algae contain a wide range of photosynthetic pigments; the three
major classes of photosynthetic pigments are: chlorophylls, carotenoids (carotenes and xanthophylls),
and phycobilins. Phycocyanin and phycoerythrin belong to the phycobilin group (Figure 8), while
fucoxanthin (Figure 9) and peridinin belong to the carotenoid group [179,180].
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Algae have extremely varied colorations; however, all have chlorophyll. This pigment is in
the interior of chloroplasts, responsible for the green coloration of the great majority of the plants.
The coloration of an algae is no more than the visible expression of the combination of the different
pigments present in the cells. Thus, the phyla and classes of macroalgae are essentially defined,
in practice, by their particular pigment composition [6].

Green algae are included in the Chlorophyta phylum and its pigmentation is identical to that of
land plants (chlorophyll a and b and carotenoids); red algae belong to the Rhodophyta phylum and
have as photosynthetic pigments chlorophyll a, phycobilins (R-phycocyanin and R-phycoerythrin)
and carotenoids (β-carotene, lutein, and zeaxanthin); brown algae are included in the phylum
Heterokontophyta (or Ochrophyta), class Phaeophyceae, and its pigments are the chlorophyll a
and c and carotenoids where fucoxanthin predominates, responsible for the brownish coloration. Their
biological role is related to photoprotection of the photosynthetic apparatus of excess light dissipation
through the elimination of ROS [6,179].

Generally, chlorophylls occur in algae in higher concentrations than other pigments. These green
photosynthetic pigments, with antioxidant and antimutagenic properties, are widely used in the food,
pharmaceutical and cosmetic industries [180]. Chlorophyll absorbs light in the red and blue regions
and for thus emits a green color. Therefore, these pigments are used as natural coloring agents [27].
In addition, chlorophylls have deodorizing and antibacterial properties [25]. Their high antioxidant
activity and the ability to stimulate tissue growth, transform these pigments into valuable raw materials
for the cosmetic industry [28,181].

Presently, many of the studies involving algae pigments are focused on carotenoids as
commercially applicable bioactive compounds. Carotenoids are lipophilic isoprenoid molecules, which
are classified as xanthophylls (astaxanthin, fucoxanthin, loraxanthin, lutein, violaxanthin, zeaxanthin)
and carotene (α-carotene, β-carotene, lycopene) [30]. Carotenoids are widely used as natural dyes
and vigorous antioxidants with additional antitumor, anti-inflammatory and radical sequestering
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properties [19,29,30]. β-carotene was the first bioactive agent produced commercially among other
carotenoids [30,182,183].

Carotenoids have been shown to be of great interest to human well-being. They have pro-vitamin
A activity and can remain active where normal vitamin C cannot, especially under low oxygen rates.
These pigments, such as β-carotene, modulate UVA-induced gene expression, protect the skin and
eyes from photo-oxidation against UV light and prevent eye disease in humans, as in the case of
cataracts [132].

Astaxanthin performs a variety of activities, such as the prevention of some human pathologies,
like UV-mediated photo-oxidation, tumors, and inflammatory processes [184]. When natural astaxanthin
began to be produced industrially, some salmon aquacultures preferred the use of this pigment and
added it to salmon nutrition. This pigment, such as β-carotene, is a compound with large-scale
production extracted from freshwater microalgae Haematococcus lacustris (formerly Haematococcus pluvialis)
(Chlorophyta) [9,184]. It is not only the bright red color of this compound that the food industry uses,
but also its antioxidant capacity, higher than that of β-carotene, which greatly increases the value
of this product. However, it is the know-how of H. lacustris cultivation techniques that makes this
organism the preferred target to produce astaxanthin, although this metabolite is present in a wide
variety of other microalgae [132].

Fucoxanthin is the typical xanthophyll of brown algae (Phaeophyceae) and, together with
other pigments, gives a yellowish-brown or olive-green appearance to these seaweeds. As with
all carotenoids, its antioxidant activity is extraordinary. The main bioactivities of fucoxanthin are:
antimalarial, antitumor, anti-obesity, anti-inflammatory, antidiabetic, and antiangiogenic activities.
It also has protective effects on the brain, skin, liver, blood vessels, bones, and eyes [185,186].

2.4. Lipids

The word “lipid” comes from the Greek word “lipos”, which means grease and oiliness to the
touch. Lipids are a diversified group of organic compounds found in animals, microorganisms and
plants. They are one of three major classes of nutrients and, together with proteins and carbohydrates,
are the “building blocks” of all living cells [187]. Lipids represent a group of chemical compounds that
have a lipophilic character as a common feature. The lipids present in algae include fatty acids, glycol-
and phospholipids, sterols, and others [29,108,109,123]. Currently, many of the studies are focused on
fatty acids, derived from macro- and microalgae, with direct application in biodiesel production [188,189].
However, algae fatty acids, and other lipophilic compounds, have anti-allergic, antioxidant and
anti-inflammatory activities too [19,20]. In addition, lipids can act as emollient-softening compounds
that protect the skin from water loss [20].

2.5. Phenolic Compounds

Phenolic compounds are one of the most interesting water-soluble plant substances, naturally
present in cell vacuoles, and perform numerous biological activities [190,191]. Phenolic compounds
are a class of chemical compounds which consist of a hydroxyl group directly attached to an aromatic
hydrocarbon group. The simplest is the phenol, which is also called carbolic acid. Phenolic compounds
are classified as single phenols or polyphenols, based on the number of phenol units in the molecule.

In the last decades, thousands of phenolic compounds were isolated and identified from organisms
belonging to the Plantae kingdom, including terrestrial and marine plants, namely in algae [192,193].
However, there are large differences between phenolic compounds produced by terrestrial plants and
those produced by marine algae. Marine polyphenols are phlorotannins and polyphenols of terrestrial
origin are flavonoids and gallic acid, for example. Phlorotannins are produced by brown macroalgae
(Phaeophyceae), and are composed of 1,3,5-trihydroxybenzene chains formed in the acetate-malonate
pathway, with a wide range of molecular weights from 126 to 65,000 Da [194]. Marine algae play an
important role in the production of bioactive compounds, and the only organisms, on the planet Earth,
phlorotannins producers [17,195].
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Phlorotannins are phloroglucinol-based compounds, synthesized by the acetate-malonate
pathway, highly hydrophilic and with a wide molecular weight range [196]. Phlorotannins have
antiallergic, bleaching, anti-wrinkle, and skin antiaging activities, due to the inhibitory effect of
hyaluronidase (Haase) activation. Currently, more than 100 metabolites, belonging to different classes
are known, being present in 49 species of brown algae (see Table 1) [53,197].

2.6. Vitamins and Minerals

Algae are an important source of various vitamins, such as vitamin A (β-carotene and
other carotenoids), complex B vitamins (B1-thiamine, B2-riboflavin, B3-niacin, B5-pantothenic acid,
B6-pyridoxine, B7-biotin and B12-cobalamin), vitamin C (ascorbic acid), vitamin D, and vitamin E
(α-tocopherol) [107,198].

Moreover, thanks to the algal cell walls freely permeable to low molecular weight constituents,
such as ions, gases, and water, algae may include in their composition micro and macroelements
ions [199]. Depending on their natural habitat, algae contain several types of microelements,
such as zinc (Zn), magnesium (Mg), copper (Cu), iodine (I), iron (Fe), and manganese (Mn), and
macroelements, such as calcium (Ca), sodium (Na), potassium (K), chlorine (Cl), essential for a good
skin condition [107,198,199]. Therefore, algae represent a very attractive cosmetic raw material due to
its natural origin, rich in bioactive phytochemicals with multiple effects on the skin [10].

Iodine (I) is an essential component of thyroid hormones that help the body regulate the
metabolism, growth and development. Worldwide, insufficient iodine intake is a major public
health problem, leading to a number of iodine deficiency disorders (IDD), with serious health
impacts [175,200,201]. The World Health Organization [175] recommends a daily intake of 150–299 µg
in adults in order to obtain their ideal amount. Iodine enters our body mainly through nutrition, but it
is possible to obtain it through drinking water, the air we breathe (gaseous iodine), and through the
skin [202]. In a seaweed-immersion bath (see also Section 4.2), its absorption is possible through the
contact of our skin with sea water or through inhaling iodine in the gaseous state [203].

3. Algotherapy—Herbal Medicine and Algae-Based Phytochemistry

Algotherapy is the special branch of herbal medicine that uses marine plants (or rather the
bioactive compounds the said active principles are extracted from) with medicinal value, or therapeutic
applications that result in attenuation, combat, and/or prevention of diseases and their symptoms.
Marine algae are literally sea vegetables (just as carrots, beans, cabbage, and lettuce are among the
terrestrial plants), and have been used for centuries as food by people like the Chinese (with an ancestral
tradition of using herbal medicine), Japanese, Scottish, Irish, Icelanders, Scandinavians, Germans, and
the Indians of Latin America, who used its potential healing power of various diseases in the form of
drugs. Nowadays, the acceptance of the therapeutic potential of these bioactive substances in addition
to simple intake of seaweed itself (direct or indirect) is a generally accepted fact, and its extracts are
used in drug production, preparation of cosmetics, and therapeutic baths [5]. Once algae extracts
are capable of industrial production by certified technicians (chemical, pharmaceutical, and/or other
areas of animal or human health), they assume the status of herbal medicines, i.e., there are medicines
made from bioactive vegetable raw materials (without the inclusion of synthetic chemicals), whose
effectiveness and safety are validated by ethno-pharmacological surveys, technical and scientific
documentation, or clinical evidence replicable. All algotherapy preparations recourse to curative
power of active principles of plants and algae, but also the synergistic effects of cumulative use of more
than one species (other algae, and this with terrestrial plants, aquatic and/or fungi), and of inorganic
elements, which may incorporate the final composition of the herbal medicine [8].
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4. Therapies Coming from the Sea

4.1. Seawater

Water, and especially seawater, is considered to be essential to life on our planet. It contains all
the substances necessary and conducive to the development of the living being (minerals, catalysts,
vitamins, amino acids, etc.). Over 70% of the earth is covered by oceans, home to 90% of the planet’s
organisms. The ocean offers many unique environments and many features to explore. There are
numerous marine organisms with great potential to produce bioactive compounds that can be used as
nutraceuticals, pharmaceuticals, and cosmeceuticals. Therefore, more research is needed to identify,
explore, understand and eventually use the living organisms from the oceans [204–206].

In the 19th century, the French biologist René Quinton could prove experimentally the remarkable
similarity between seawater and human plasma—“Our organism is a kind of aquarium whose internal
environment is constituted by seawater” [148,205].

Seawater has a recognized action in the treatment of eczemas, dermatoses, psoriasis, nasopharyngeal
inflammations, conjunctivitis, vaginitis, and other infections of the external genital organs. In cosmetology,
it has also been used with good results in moisturizing the skin and making it firmer. It allows for a
more uniform tan and regularizes the sebaceous production at the level of the hair follicles, avoiding
the consequent formation of scaling of the scalp (dandruff). It will be interesting to mention the
important role of seawater in the absorption of saline and metallic ions, favoring the excretion of toxic
residues and a certain oxygenation of tissues [206].

As might be expected, these characteristics of seawater have led to the development of
bio-cosmetics based on seawater and all its substances or organisms: algae, sea salts, organic, and
mineral elements, etc. [9].

4.2. Thalassotherapy

Thalassotherapy is a term that emerged at the beginning of the 18th century, originating in the
Greek “thalasso” (sea) and “therapia” (cure). The pioneers of its use were the French in the middle of
the last century and, thanks to the results obtained and published on the well-being and quality of life
obtained by those who used them, spread rapidly throughout the world. Historically, the Chinese,
Egyptians, and Romans already knew some of their properties, having produced several panaceas
from algae [5,9,149]. Many treatments receive the label of thalassotherapy, but not all deserve to own
it. Due to its recent success, the term was usurped to denominate so-called “spa” treatments. It may
be necessary to limit its use to treatments with seawater, sand, and other marine products, such as
macroalgae [148].

The reality is that the components of the sea (be they minerals or organic ones) have always been
part of our lives. Water and, in particular, seawater are considered essential to the maintenance of life
on our planet, since it contains all substances or elements necessary and conducive to the development
of the living being (minerals, catalysts, vitamins, amino acids, etc.). In therapeutic terms, seawater
has a recognized action in the treatment of diseases that afflict skin tissues, whether cutaneous (skin)
and/or mucous membranes [5].

Thalassotherapy, originally from Ireland, consisted of a bath of seaweed prepared with warm
fresh water, seawater and fresh seaweed, mainly Fucus serratus (Phaeophyceae). Fucales, such as
F. serratus and F. vesiculosus contain a wide variety of beneficial components, including fatty acids,
antioxidants, iodine, among others [9,203–206].

Due to its composition (salt and iodine) seawater was one of the first therapies used by man for
both aesthetic purposes and a source of well-being. The algae, with great pharmacological and cosmetic
potential, are rich in proteins, vitamins and minerals indispensable to our epidermis. However, in
addition to the benefits they bring to the skin, when ingested, algae are effective in lowering cholesterol
and help prevent hypertension. Sea water in addition to calcium (Ca), iron (Fe), magnesium (Mg),
sodium (Na), zinc (Zn), and copper (Cu) is also revitalizing, anti-infective, anti-stress, analgesic, good
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for bad mood, depression, etc. The salt is also a natural exfoliant and favors cellular rejuvenation.
Sea water contains minerals like iodine, which stimulates the thyroid, a gland that regulates metabolism.
The need to adapt to temperature changes serves to increase the rate of metabolism and has a very
positive effect on blood circulation [149,207,208].

Some other benefits associated with thalassotherapy are [5,9,149,209]:

- Increased skin permeability;
- their ionic characteristics, when interacting with the skin, facilitate the penetration of the cosmetic

compounds during or after the immediate to these treatments;
- regulates the organic functions through the neuro-endocrine system, as enzymatic cofactor;
- relaxes tight muscles, giving a rested appearance to the skin;
- tends to normalize seborrheic secretion;
- reduces hyperhidrosis (excessive perspiration, including feet);
- promotes organic remineralization at the cutaneous tissue level; and
- activates the cutaneous metabolism and locally stimulates the blood circulation, indirectly

promoting the oxygenation and nutrition of these tissues.

4.3. Cosmeceuticals and Cosmetics

Cosmetics are products that do not modify the physiological conditions of the skin, act on the
epidermis (superficial layer of the skin), do not need scientific studies for their proving and effectiveness
and are soon marketed, for example moisturizers.

Cosmeceuticals are defined by cosmetic producers as products that act on the dermis (deep layer
of the skin). This cosmeceutical term is very useful in order to alter skin functions, causing benefits,
without the disadvantages that the drugs contain. Cosmeceuticals contain active ingredients, such as
phytochemicals, essential oils, vitamins, antioxidants, etc. [17,210].

A product can be a drug, a cosmetic or both. FDA [211], for example, defines drugs as those
products that cure, treat, mitigate or prevent disease or that affect the structure or function of the
human body and if a product makes such claims it will be regulated as a drug. Cosmetics are intended
to beautify, promote attractiveness, alter appearance or cleanse; they are not approved by FDA for sale
nor are they intended to affect structure or function of the body.

Cosmetics is a field in which seaweed have been consolidating their presence, and it is possible
to find a wide variety of products from topical application—from slimming creams to perfumes,
shampoos, sunscreens, and bath salts, which center their activity in the properties and in the actions
that they induce to the human organism [5].

Today’s society is showing a growing interest in everything that can help improve the quality
of life, increasingly believing that many of the solutions are found in nature itself and in the
chemical synthesis of drugs (usually with various contraindications, physiological and/or metabolic,
or undesirable side effects/changes). Accompanying this trend, the demand for products made from
natural raw materials has increased (preferably those of vegetable origin), allowing for the appearance
of a new niche market (natural and/or biological), in which algae have flourished, thanks to its role in
human well-being, which is increasingly being recognized [5]. For example, in Europe, consumption
of fresh algae, in a cumulative perspective (for direct feeding and/or therapeutic and cosmetic uses),
mainly of Ascophyllum, Fucus, Laminaria (brown algae), Gelidium, and Chondrus (red algae), is around
70,000 tons/year [212–214].

Around 221 seaweed species have commercial value, and about 10 species are intensely
cultivated, such as brown seaweed (Phaeophyceae—Saccharina japonica, Undaria pinnatifida, and
Sargassum fusiforme); red seaweed (Rhodophyta—Porphyra spp., Eucheuma ssp., Kappaphycus alvarezii,
and Gracilaria spp.); and green seaweed (Chlorophyta—Ulva clathrata-as Enteromorpha clatharta,
Monostroma nitidum, and Caulerpa spp.). The Japanese Kelp (Saccharina japonica—formerly
Laminaria japonica) accounts for over 33% of the global cultivated seaweed production, followed
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by Eucheuma spp., K. alvarezzi (Elkhorn Sea Moss), Undaria pinnatifida (Japanese Wakame), and
Porphyra/Pyropia spp. (Nori), at 17% of total production [176,215].

Microalgae (Spirulina/Athrospira spp.) are also cultivated, although it tends to be much
under-reported; hence, the reported statistics are a small proportion of the existing production.
Australia, India, Israel, Japan, Malaysia, and Myanmar are known producers of these microalgal
species [215].

Today, the global seaweed industry is worth more than USD 6 billion per annum (approximately
12 million tons per annum in volume) of which 85% comprises food products for human consumption.
Seaweed-derived extracts (carrageenan, agar and alginates), very important for the cosmetic industry,
make up almost 40% of the world’s hydrocolloid market [215].

4.3.1. Skin: Anti-Wrinkling and Whitening

With a surface of about two square meters, the skin is the largest organ of the body and one of the
most important. It is an effective barrier against the outside world thanks to its ingenious protection
mechanisms [22,23]. The skin has two main layers: the epidermis and the dermis. The epidermis,
which is the most superficial layer, is formed by epithelial tissue, consisting of several layers: stratum
corneum, lucid stratum, granular stratum, stratum spinosum, and stratum germinative [216,217].

The stratum corneum is the outermost layer of the epidermis. There are dead cells, with large
amounts of keratin, which are continuously descending. The thickness of the stratum corneum is
determined according to the stimulus it receives. The soles of the feet, for example, have a greater
layer when compared to the region of the belly. Callus is a result of the constant stimulation of this
region of the epidermis.

After the stratum corneum, we find the lucid stratum. In places where the skin is thinner, not
thickened, it is not possible to find this layer. This region holds dead or degenerating cells. Just below
the lucid stratum, we find the granular layer, a layer formed by cells that accumulate granules. These
structures within the cell are the precursors of keratin.

The spinous stratum, which presents cells of polyhedral shape. These cells are united by the
presence of cytoplasmic projections, the large number of desmosomes and a substance found between
cells are mainly glycoproteins and lipoproteins.

The germinative stratum, the innermost layer of the epidermis. It is in it that the cells that undergo
cell division are found, therefore, this is the layer responsible for the formation of the higher layers
and, consequently, the renewal of the epidermis.

Langerhans cells originate from the bone marrow. They are abundant dendritic cells in
the epidermis, containing large granules called “Birbeck” granules. They are usually present in
lymph nodes and can be found in other organs in the condition of histiocytosis. They participate
in immunological reactions. They are mobile and dendritic cells responsible for cutaneous
immune-vigilance [217].

Receptors in the skin detect various environmental stimuli and respond adequately, with
mechanoreceptors, sensing sensations, and thermo-receptors, sensing heat. These receptors can cause
the sweat glands to produce sweat, thus maintaining the temperature-homeostasis [218]. Insulation
is also provided in the subcutaneous layer of the skin where the fat is stored. The skin absorbs not
only oxygen and water, but also certain drugs, such as topical steroids. In addition, skin is rich in
7-dehydrocholesterol and, when exposed to ultraviolet light, this substance is converted to vitamin
D (cholecalciferol), which can also be obtained by ingestion of dairy products [219]. The immune
function of the skin prevents damage caused by UV light, based on its pigmentation [220].

Under the epidermis we find the dermis, which is composed mainly of connective tissues, blood
vessels, sweat glands, nerves, fibroblasts, collagen and elastin. Collagen and elastin, which are
cross-linked, provide support for the skin. Hyaluronic acid (HA) is one of the major components of the
dermis and is involved in tissue repair. HA is of fundamental importance in water retention and can
absorb water about 1000 times its own volume. However, collagen, and HA break with aging, causing
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wrinkles to appear and the skin loses its firmness. The third layer, the hypodermis, is composed mainly
of fat and a layer of loose connective tissue. It provides insulation to the body, stores energy, and
mechanically allows the attenuation and dispersion of externally applied pressure [221,222].

4.3.2. Skin Aging

Aging is a natural process that causes physiological changes in the skin. Thus, the aged skin
is normally drier, with an irregular texture, has wrinkles, reduced elasticity and volume. The facial
contour may also be altered during this process. All these changes occur due to multiple intrinsic,
genetically programmed, and extrinsic factors such as UV radiation and toxins [223–225]. Wrinkles are
lines and depressions that form on the skin with aging. They are folds that occur in the skin over the
years by the strength of the muscles and movements of both the limbs and all the muscles called facial
expression. These folds, when associated with solar effects, can become definite, profound, and even
present changes in the quality of the skin at the bottom of them. They appear mainly in areas more
exposed to the sun, such as the face (on the forehead, corners of the eyes and on the cheeks), neck,
hands, and arms. Thus, wrinkles can give an indication of the age of a person [226,227]. Population
aging is a global phenomenon. This demographic change is a consequence of the marked decline
in the fertility rate and the increase in life expectancy observed, mainly, from the middle of the 20th
century. Consequently, the psychosocial impact of aging skin has led to a great demand for cosmetic
products with anti-wrinkle properties [224–228]. Compounds capable of enhancing the inhibitory
activities of the inhibitory activity of hyaluronidase, matrix metalloproteinase (MMP), and elastase
inhibitory activities, and collagen expression, may have potential to be used as active ingredients in
novel cosmetic products with anti-wrinkle properties [17,53,229–232].

Studies on the antiaging effects of algae and bioactive compounds have gained importance in
recent decades [78]. Some algae contain valuable antioxidants and the anti-gerontological role of these
algae rich in antioxidants is an important issue. For example, residual biomass and protein hydrolysates
of three species of green microalgae (Dunaliella tertiolecta, Tetraselmis suecica, and Nannochloropsis sp.)
have been reported to exhibit antioxidant and antiaging activity (see Table 1) [31,233]. Antiaging,
skin whitening, and pigmentation reduction products were created from bioactive extracts from
algae [234]. In recent years some positive results have been obtained from algae in lifetime studies
with model animals.

Topical dermatitis and the possible role of matrix metalloproteinases in skin-related diseases
have been studied for cosmeceuticals [17]. Some macroalgae (i.e., Ecklonia cava, Petalonia binghamiae,
Scytosiphon lomentaria, Undaria pinnatifida (brown algae), Botryocladia wrightii, Piropya dentata (red
algae), Codium fragile, and Umbraulva japonica (green algae) attract attention in the food, cosmetics,
nutraceuticals [9,16]. The proper development of seaweed compounds would be beneficial in the
development of cosmeceuticals and in the development of the cosmeceutical industry [235]. There
are several studies in which some secondary metabolites of algae have proved to be skin protectors,
including protection against UV rays and prevention of wrinkles, etc.

Three genera of algae are routinely used in cosmetics—Laminaria, Fucus (brown algae), and
Chondrus (red alga)—because of their ability to nourish and rehydrate the skin [236]. Topical
application of fucoidan has been shown to have anti-aging activity by increasing hydration and
elasticity of cells [237]. Fucoidan (see Section 2.1.6) is known to stimulate the production of HGF
(heparin growth factor), which promotes the growth of a wide variety of cells and tissues and is,
therefore, commercially exploited by the Takara-Bio Company in Japan [78,94].

4.3.3. Skin Whitening

Skin whitening products seem to be the largest and continually growing segment in the skin care
market [238]. The melanin produced in mammalian skin plays an important role in determining skin
color, protecting human skin from the harmful effects of ultraviolet (UV) radiation, and scavenging
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toxic substances. Whitening effects can be achieved by several methods, which are described in the
literature [238–243].

Silab [244] has launched a whitening agent that limits melanogenesis and the transport of
melanosomes to lighten brown spots and create an even complexion. Whitonyl® is an extract (mainly,
oligosaccharides) of Palmaria palmata (red alga, Rhodophyta). According to the company, chronic sun
exposure leads to cutaneous photo-aging, characterized by the appearance of deep wrinkles, loss of
elasticity, and pigment disturbances such as age spots, freckles or brown spots. These phenomena,
accentuated with age, are predominantly located on areas of the body regularly exposed to the sun
such as the hands, face, arms, etc., particularly of Asian women. This whitening agent is said to give
those with brown spots a clear, homogeneous, and opaline complexion. The ingredient limits the
transport of melanosomes while controlling photo-induced pigmentation, which leads to reduced
senescence and lightening of brown spots due to sunlight [244].

4.3.4. Wound Healing of the Skin

Alginic acid (see Section 2.1.2) may inhibit scar formation, acting as a physical barrier to invading
fibroblasts and helping to accelerate wound healing. Alginates are used also in tissue engineering and
clinical applications, along with collagen [243–245]. Various dressings based on soluble algae extracts
prevent granulation in healing [246].

The red alga Kappaphycus alvarezii (as Eucheuma cottonii) ethanolic extract (mainly carrageenans)
accelerated wound healing and hair growth [116,247]. A silver-loaded seaweed based cellulosic fiber
greatly improved epidermal skin physiology, barrier function (trans-epidermal water loss), stratum
corneum hydration, and surface pH in atopic dermatitis (AD), and eczema patients over time in a
controlled, randomized single blinded human study [248,249].

Atopic dermatitis is an inflammatory, itchy skin disease associated with a personal or family
history of allergy. AD can occur at any age; most often affects newborns and children. In some cases, it
may persist into adulthood or appear only later, at a later age [17,250]. The fundamental lesion in AD
is a defective skin barrier that causes dry skin, which can be aggravated by lesions caused by simple
scratches. Clinical observations suggest that AD is the cutaneous manifestation of a systemic disorder
that could cause asthma, food allergies, and allergic rhinitis [251].

There are several reports that confirming the skin disease treatment abilities of phlorotannins.
For example, the phlorotannins eckol and dieckol isolated from Ecklonia stolonifera (brown alga,
Phaeophyceae) have attenuated the expression of MMP-1 in human dermal fibroblasts. These findings
reveal that the inhibition of MMP-1 (which is an interstitial collagenase, is mainly responsible for
the degradation of dermal collagen in human skin aging process) expression by E. stolonifera derived
phlorotannins was in correlation with the inhibition of both NF-κB and activator protein-1 (AP-1)
reporter activity [71]. This unique feature of phlorotannins in repairing skin damages from various
allergens could be exploited for the better treatment of ever-challenging AD. More studies must be
focused in the screening of novel compounds from marine algae that could find themselves a prominent
place in the treatment of not only AD, but also various other skin inflammations. In addition, as the
marine environment includes bryozoans, coelenterates, sponges, echinoderms, mollusks, tunicates,
and other marine organisms, the published works suggest that most of them possess anti-inflammatory
substances, and so allowing a wide choice of cosmeceutical compounds that could cure AD [17].

Fucoidans stimulate the growth of fibroblasts and epithelial cells, increasing the secretion of
TGF-β1, which accelerates wound healing and modulates growth factor dependent pathways in tissue
repair [252–256]. Thus, fucoidan/chitosan hydrogels help to effectively enhance dermal burns [257,258].

Many of the invasive algae species have demonstrated biological activity that can be applied to
skin care products, so-called cosmeceuticals. For instance, the treatment with the ethyl acetate fraction
(EtOAc) of Sargassum muticum extract evidently augmented the proliferation of dermal papilla cells
(DPCs) and decreased the 5α-reductase activity [259]. Moreover, S. muticum extract can be effectively
added as antioxidant ingredient in sun cream with well acceptance by consumers [260].
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4.3.5. Sliming and Anti-Cellulite Properties of Seaweed Extracts

Although cellulite is not a disease, it is a fundamentally cosmetic issue, especially for
post-adolescent women [255]. Many efforts have been made to find treatments that improve the
symptoms and signs of cellulite as well as the visual appearance of the skin. Several species of
macroalgae and seagrasses, such as Fucus vesiculosus, Laminaria digitata (brown algae, Phaeophyceae),
Posidonia oceanica (Seagrass, marine Angiosperm) and others, are used in cosmetic formulations to
reduce cellulite. For example, in France, consumption of fresh algae, in a cumulative perspective (for
direct feeding and/or therapeutic and cosmetic uses), mainly of Ascophyllum, Fucus, Laminaria (brown
algae, Phaeophyceae) and Chondrus (red alga, Rhodophyta), is around 2000 tons/year [5].

Al-Bader et al. [75] tested a formulation containing aqueous extracts of Furcellaria lumbricalis
(red alga, Rhodophyta) and F. vesiculosus (brown alga, Phaeophyceae) to assess in vitro lipolysis in
mature adipocytes and measured pro-collagen I in human primary fibroblasts, finding that there
was an improvement of lipolysis-related mechanisms and pro-collagen I production. Afterward,
they assessed cellulite by dermatological grading and ultrasound measurements and could observe a
clinical improvement in the cellulite reduction.

Seaweed extracts may also be of interest for slimming purposes [5], as evidence validates that
they significantly decrease the body weight gain through the gene regulation and protein expression
involved in lipolysis and lipogenesis [90,127]. In general, we can say that, some compounds extracted
from algae [5,90,127]:

- stimulate tissue metabolism and blood circulation in the area of application, which helps to
mobilize the fat installed in the subcutaneous tissue, as is the case of the unsightly cellulite,
in which algae treatment has had very positive results;

- tonify skin tissues by moisturizing, re-firming and hardening them, to prevent and attenuate
wrinkles, delaying the aging of the skin, contributing aesthetically to a more luminous, firm and
youthful skin;

- they give back to the demineralized, brittle or devitalized hair its natural brightness, flexibility
and texture, while giving it softness; and

- promote the proper functioning of the sebaceous glands and regulate the water content of the
skin tissue, facilitating the elimination of toxins.

We now know that the good results obtained in the treatment of Goiter based on the use of
Laminaria/Saccharina species (brown algae, Phaeophyceae) are due to the fact that the origin of this
disease is directly related to a diet low in iodine, which is thus enriched by the ingestion of these
algae, in which iodine (I) is present in very significant amounts [8,151,180]. Iodine is essential
component for the thyroid hormones thyroxine (T4) and triiodothyronine (T3), essentials on the
human metabolism regulation.

Thyroid hormones are involved in mechanisms that enhance the synthesis of carnitine palmitoyl
transferase which, in turn, promote lipolysis, and increase the penetration of fatty acids into the
mitochondria [256,261,262]. Diet is the main contributor to iodine but breathing iodine in the gaseous
state from the air, and its absorption through the skin are other possible routes (creams and emulsions
rich in this mineral) [7,198,203]. Fucus serratus (brown algae, Phaeophyceae), like most kelps, is an
excellent source of iodine [7,179]. A recent in vivo study reported that bath thalassotherapy (see
also 4.2.) with this macroalgae had the potential to increase the urinary iodide concentration of
the bather, indicating inhalation of volatile iodine was the predominant route of uptake [5,7,203].
Another in vivo study made by Berardesca et al. [262] also showed the effectiveness of a cosmetic
product containing extracts of Laminaria digitata, Pelvetia canaliculata (brown algae, Phaeophyceae),
and Gelidium cartilagineum (red algae, Rhodophyta), as well as other active ingredients capable of
promoting a weight-loss effect, compared to a placebo [7,261].
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4.3.6. Hair Growth Activities

The appearance of the hair related to its color, style and length, plays a crucial role in
self-perception of people’s physical appearance, although the appearance of hair has a major impact
on the definition of the social and economic class of each individual [116,262,263]. However, many
millions of people suffer, today, hair loss due to a wide variety of causes, including aging, pathologically
induced or chemically promoted [264]. Thousands of studies have been conducted looking for suitable
compounds to prevent or delay hair loss, and to stimulate its growth [197].

Androgenetic alopecia (AGA), the most common type of alopecia, is a recurring problem in men
over 40 years of age. Hair loss is a growing trend in the world, however, preventing this type of problem
is not simple to do [265]. Numerous possibilities have been discussed in order to prevent or delay hair
loss [265–267]. However, only two drugs approved by the FDA are available in the market for AGA
patients: Finasteride and Minoxidil [268,269]. Finasteride is an inhibitor of 5α-reductase type II, which
can be used in prostatic hypertrophy [270], as well as in hair loss [271]. Minoxidil has been used in the
treatment of high blood pressure [271]. However, it has also been found that Minoxidil promotes hair
growth [272,273], although the mechanism of action is not yet fully understood. In an earlier study
made by Han et al. [274], Minoxidil has been shown to have proliferative and antiapoptotic effects on
dermal papilla cells [275]. In addition, it has also been shown to stimulate capillary growth by opening
the ATP-sensitive K+-channel [276,277], the vascular regulation of vascular endothelial growth factor
(VEGF) and activation of the β-catenin pathway in dermal papilla cells (DPC) [278,279].

Capillary growth promotion of dieckol isolated from an enzymatic extract obtained from E. cava
in immortalized vibrissa dermal papilla cells (DPC) and in the module of C57BL/6 mice was described
by Kang et al. [63]. In addition, they have proven that dieckol treatment can induce capillary growth
through induction of DPC proliferation and inhibition of 5α-reductase enzyme activity. In a recent
study, capillary growth promotion activities of 7-phloroeckol isolated from the brown seaweed E. cava
in human dermal papilla cells (DPCs) and external root sheath cells were also reported in experimental
studies made by Bak et al. [279].

4.4. Industrial Processes Used in the Elaboration of Cosmetic Products

Once harvested, the seaweeds are subject to several transformations for their incorporation into
various cosmetics. It is essential that these processes do not alter the bioactive molecules, so that they
can be fully operational in the final products. These techniques and the quality of the methods have
evolved in the last years, so there are many options and the selection of some over the others, depends
essentially on the end to be achieved (obtaining the active principle, functional stability, and type of
product to be manufactured) and the available technical resources. The commonly used techniques
are [5,107,280–290]:

- Drying in air or in industrial ventilated ovens or chambers, for the removal of water from algae
tissues (dehydration), is promoted by a controlled environment process where the temperature
must not exceed 40 ◦C to avoid the destruction of the active elements (for example, protein
molecules, such as enzymes, which are, thus, not denatured) present in algae. This is, of all the
methods mentioned here, not only the simplest, but the most cost-effective. On the other hand,
it is the least direct, and often incorporates other methods as a process step.

- In the extraction by liquid phase, the compounds are extracted with different solvents, aqueous
or organic (water, glycerin, ethyl alcohol, etc.) that allow the separation and isolation of the
metabolites with different bioactive functions, depending on their chemical affinity with the
solvent, in different phases, some of which are discarded successively for purification and
concentration. Depending on the solvents used, temperature, pH, and duration of extraction,
different extraction efficiencies can be achieved. In the case of water and other polar solvents,
extracts are rich in polysaccharides, proteins, and other bioactive water-soluble compounds.
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In extractions with non-polar solvents the extracts obtained are rich in phenolic compounds, fatty
acids, pigments, and other lipophilic compounds.

- Enzyme assisted extraction (EAE) has attracted considerable interest because its hydrolytic action
on algae structures and compounds can weaken or disrupt the cell wall structure and also break
down complex internal storage compounds, releasing polysaccharides, proteins, and peptides
or amino acids. Algal cell walls are typically composed of fibrous composites of microfibrillar
polysaccharides (cellulose) embedded in a matrix of sulfated polysaccharides and proteoglycans.
The efficiency of extracting marine macroalgae compounds is limited due to the presence of
these complex cell walls, with mixtures of branched sulfated polysaccharides associated with
proteins and various bound ions, such as calcium, sodium and potassium. Ultrasonic assisted
extraction (UAE), an alternative energy assisted extraction method, is based on the migration of
sound waves, which creates cavitation that grow and collapse, leading to rupture of the cells and
their walls. UAE and EAE have been reported as alternative approaches with great potential for
extracting bioactive substances from seaweed.

- Lyophilization: the dehydration process is carried out at low temperature and in vacuum;
the dried product thus obtained is then milled to the most suitable granulometry for a given
application: creams, lotions, facial masks, bath gels, etc.

- Cell microcracking: a process where cells rupture (lysis by disruption) when subjected to
a grinding process, by compression and decompression (resorting to the use of mechanical
disruptors-disruptors beads), releasing their content (trace elements, vitamins, and other
metabolites) and from which the water is subsequently eliminated; the obtained powder contains
all the active elements that normally are inside the cells, and, in addition, it has a very fine
granulometry that allows a more effective transcutaneous penetration, in a topical application.
In the cryo-microcracking technique, algae are milled at very low temperatures (well below
freezing temperature, using liquid nitrogen), resulting in a fluid extract capable of being integrated
into wet preparations, especially suitable for thalassotherapy treatments.

- Fresh algae suspensions: extremely homogeneous cell suspensions obtained at low temperature,
are stabilized in ethyl alcohol to avoid degradation; these suspensions recover their activity when
diluted in water at the time of use.

5. Conclusions

Oceans, which have a rich diversity of marine life, constitute the major component of the Earth’s
surface, consisting of salt water, forming the major part of the hydrosphere: approximately 71% of
the Earth’s surface (an area of 361 million square km), and more than half of this area has depths
greater than 3000 m. Oceans offer a rich natural product line to humanity. Functional ingredients,
including essential proteins, bioactive peptides, enzymes, minerals, polysaccharides, polyunsaturated
fatty acids (PUFAs), and vitamins, are the first to come to mind [5,9,133,149]. Researchers from around
the world have researched multifunctional rich contents of algae and their antioxidant, antimicrobial,
anti-inflammatory, anti-aging, anticancer, and other useful properties.

Furthermore, increasing consumers’ consciousness about potential negative impact of synthetic
preservatives on human health and the benefits of natural additives has become a prevalent research
interest. Sustainable use of marine resources is crucial for humankind. Consequently, production
studies of seaweed in different environments and conditions are being tried.

The compounds mentioned in this review, all extracted from algae and possessing various
bioactivities, are considered as a natural source almost inexhaustible for different industrial areas such
as food and nutrition [9,176], cosmeceuticals [211], pharmacy and medicine [9], agriculture [149], and
fuels [291].
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