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Abstract:

"In the 21st century, there's a strong push towards natural products as a safer alternative
to synthetic compounds, particularly in the cosmetics industry. Algae, with their abundant
bioactive compounds, are gaining attention for their potential in cosmeceutical innovation.
Not only do they offer a rich source of nutrients, but they also grow quickly, making them a
sustainable option for cosmetic formulations. Synthetic products pose risks to both the
environment and human health, as many of their components can be absorbed through the
skin. This has prompted a search for natural alternatives, driving the exploration of algae-
based solutions. Algae, being photosynthetic organisms, boast a variety of bioactive
compounds that are beneficial for human health and wellness. These include amino acids,
proteins, vitamins, pigments, minerals, and long-chain polyunsaturated fatty acids, all of
which can be utilized in cosmetics either as excipients, additives, or active substances. This
review paper explores how algal pigments, secondary metabolites, and bioactive compounds
can be utilized in cosmetics, emphasizing their pharmacological benefits and market
potential. By leveraging the abundant resources provided by algae, the cosmetics industry can
transition towards sustainable and environmentally friendly practices, diminishing the need
for synthetic ingredients.

Keywords: Cosmeceuticals, Natural products, Synthetic compounds, Bioactive compounds,
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Introduction:

In recent years, there has been a notable surge in consumer demand for natural
alternatives within the cosmetics industry. This trend is primarily driven by mounting
concerns regarding the environmental and health impacts associated with the widespread use
of synthetic ingredients in cosmetic formulations. Synthetic compounds, commonly found in
cosmetics, pose various risks to both environmental ecosystems and human health. These

risks stem from the potential for these compounds to bioaccumulate in the environment,
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leading to adverse effects on aquatic life, as well as their ability to penetrate the skin barrier

and potentially disrupt endocrine function or cause allergic reactions in humans [1].

In response to these concerns, the cosmetics industry is increasingly turning towards natural
ingredients as safer and more sustainable alternatives to synthetic compounds. Among these
natural alternatives, algae have emerged as particularly promising candidates for
cosmeceutical innovation. Algae, encompassing a diverse range of photosynthetic organisms
found in aquatic environments, offer a wealth of bioactive compounds that can be harnessed
for cosmetic applications [2].

Algae are known for their rapid growth rates and ability to thrive in diverse
environmental conditions, making them a readily available and sustainable resource for
cosmetic formulations. Moreover, algae are rich in essential nutrients, including amino acids,
proteins, vitamins, pigments, minerals, and long-chain polyunsaturated fatty acids, which are
beneficial for skin health and wellness [3]. These bioactive compounds exhibit various
pharmacological properties, such as antioxidant, anti-inflammatory, and moisturizing effects,
making them highly desirable for incorporation into cosmetic products [4].

This introduction sets the stage for exploring the potential of algae as a sustainable and
effective solution for addressing the growing demand for natural alternatives in the cosmetics
industry. By highlighting the environmental and health concerns associated with synthetic
ingredients and introducing algae as a promising natural alternative, this review aims to delve
deeper into the utilization of algal bioactive compounds in cosmeceuticals, emphasizing their
pharmacological benefits and market potential.

Algae, a diverse group of photosynthetic organisms thriving in marine and freshwater
environments, have long been recognized for their nutritional and commercial significance,
particularly in the realms of food and fuel. Algae boast a rich profile of vitamins, minerals,
antioxidants, and natural colorants, making them valuable additions to food and feed
products. According to the Food and Agriculture Organization [5] in 2014, a substantial
portion (38%) of the global seaweed harvest, totaling 23.8 million tonnes, was utilized for
human consumption, with popular varieties like kelps and nori/laver being commonly
consumed.

The global seaweed harvest industry was estimated at US$ 6.7 billion in 2013, with
China and Indonesia emerging as the leading producers [5]. Notably, companies like DSM

have capitalized on algae's nutritional benefits by developing products such as DHA gold,
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utilizing high-quality marine algae as a sustainable source of omega-3 DHA, which is

endorsed for nutritional health claims across all pet life stages. Similarly, Amway has
incorporated fat-soluble carotenoid compounds derived from algae into their Nutrilite Multi
Carotene product, known for its skin-protecting properties.

In recent years, algae have gained increased attention not only in the food industry but also in
cosmetics, particularly in skincare formulations. Algae extracts are recognized for their
contributions to skin health and beauty, further fueling their utilization in cosmetic products.
Algal Bioactive Compounds:

Algal bioactive compounds refer to the diverse array of biologically active molecules
found in algae, encompassing a wide range of compounds with various therapeutic and
functional properties. These compounds are derived from different classes of algae, including
macroalgae (seaweeds) and microalgae, and have garnered considerable interest in fields such
as pharmaceuticals, nutraceuticals, cosmeceuticals, and functional foods.

Macroalgae are rich sources of bioactive compounds, including polysaccharides,
polyphenols, pigments, fatty acids, proteins, vitamins, and minerals [6]. These compounds
exhibit antioxidant, anti-inflammatory, antimicrobial, antiviral, antitumor, and anticoagulant
activities, among others, making macroalgae valuable resources for the development of new
drugs and functional food ingredients [7].

Microalgae, on the other hand, are renowned for their production of bioactive
compounds such as carotenoids, polyunsaturated fatty acids (PUFAs), phycobiliproteins,
polysaccharides, and peptides [8]. Microalgal bioactives have demonstrated diverse health
benefits, including antioxidant, anti-inflammatory, antidiabetic, antihypertensive, and
immunomodulatory effects [9] (Fig-1). The pharmaceutical potential of algal bioactive
compounds is exemplified using microalgal PUFAs, such as omega-3 fatty acids, in the
treatment and prevention of cardiovascular diseases, inflammatory disorders, and
neurodegenerative diseases [10]. Moreover, macroalgal polysaccharides, such as fucoidans
and alginates, have shown promise in cancer therapy due to their antitumor and
immunomodulatory properties [11].

In the nutraceutical and functional food sectors, algal bioactive are increasingly
incorporated into products aimed at promoting health and preventing diseases. For instance,
microalgal carotenoids, such as astaxanthin and beta-carotene, are utilized as natural

colorants and antioxidants in functional beverages, dietary supplements, and fortified foods
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[12]. Similarly, macroalgal polysaccharides are used as thickeners, stabilizers, and prebiotics

in various food products, contributing to their functional and nutritional value [13].
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Fig- 1 Algal-derived bioactive compounds and their various applications.

Finally, algal bioactive compounds represent a diverse array of molecules with immense
potential for various applications in pharmaceuticals, nutraceuticals, cosmeceuticals, and
functional foods. Continued research into the identification, isolation, characterization, and
utilization of these compounds is crucial for unlocking their full therapeutic and commercial
value.

This section explores the diverse range of bioactive compounds found in algae, including
amino acids, proteins, vitamins, pigments, minerals, and long-chain polyunsaturated fatty
acids. Each compound's role in promoting skin health and wellness is discussed, along with
its potential applications in cosmetic formulations.

Marine flora and fauna are abundant sources of bioactive compounds with therapeutic
potential, owing to the vast biodiversity and chemical diversity of the marine environment.
These compounds can be isolated from various sources, including marine plants, animals,
microorganisms, and sponges, each harboring a unique set of molecules effective against a
wide range of diseases [14]. Investigations on marine natural products have led to
discoveries in various areas such as marine nutraceuticals, biopolymers, biofilms, CNS-
membrane active toxins, ion channel effectors, antifouling agents, anti-cancer compounds,
antiviral agents, tumor promoters, and anti-inflammatory agents [15]. The interdisciplinary
collaboration between biologists, chemists, and pharmacologists has been crucial in exploring

the potential of marine bioactive compounds for therapeutic applications.
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Marine organisms continue to serve as abundant sources of natural bioactive

substances, with the number of compounds reported annually steadily increasing [14]. These
compounds are utilized in various food products on an industrial scale, offering a rich array
of proteins, polysaccharides, polyunsaturated fatty acids (PUFAS), vitamins, minerals, and
other nutrients [13]. Common sources of marine bioactive compounds include fish, shellfish

mollusks, cephalopods, crustaceans, echinoderms, seaweeds, and microalgae.
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Fig-2 Marine Algal-derived bioactive compounds and their various applications
Furthermore, marine biopolymers derived from fish processing waste, such as collagen
and chitin, hold significant promise as high-value products. Collagen, a major component of
various tissues in the body, including skin, bones, and muscles, finds wide application in
food, pharmaceuticals, cosmetics, and biomedical industries due to its biocompatibility,
biodegradability, low toxicity, and immunogenicity [15]. The utilization of marine
biopolymers and derivatives not only helps to reduce waste generated from fish processing
but also contributes to environmental sustainability and quality improvement in the industry
[16]. Finally, marine bioactive compounds and biopolymers represent valuable resources
with diverse applications in various industries, ranging from healthcare to food and
cosmetics. Continued research and exploration of marine biodiversity hold the potential to
uncover novel bioactive compounds and sustainable solutions for addressing global health

and environmental challenges.
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Cosmeceutical Potential of Algal Compounds:

Algal compounds offer significant potential in the realm of cosmeceuticals, serving as
valuable ingredients in various cosmetic formulations due to their diverse bioactive
properties. These compounds can be incorporated into cosmetics as excipients, additives, or

active substances, contributing to the efficacy and safety of the products.

One example of the cosmeceutical potential of algal compounds is their use in moisturizers.
Algae-derived ingredients, such as algal extracts or oils, are known for their hydrating
properties, which can help to replenish moisture in the skin and improve overall hydration
levels [17].

Additionally, algal compounds are often utilized in sunscreens due to their natural
photoprotective properties. Certain algae species contain compounds like mycosporine-like
amino acids (MAAs), which act as UV-absorbing molecules, providing protection against
harmful UV radiation and reducing the risk of sun damage [18]. Furthermore, algae-based
ingredients are commonly found in anti-aging creams and serums. Algal extracts are rich in
antioxidants, vitamins, and peptides, which help to combat oxidative stress, minimize the
appearance of fine lines and wrinkles, and promote skin regeneration and collagen synthesis
[19]. The incorporation of algal compounds into cosmetics aligns with the growing demand
for natural and sustainable ingredients in skincare products. Algae cultivation is relatively
eco-friendly and can be scaled up to meet the needs of the cosmetic industry without causing
environmental harm [20].

Macroalgae, also known as seaweeds, are ecologically and economically significant
organisms that serve as natural sources of essential nutrients, bioactive compounds, and
pigments with various applications in the cosmetic industry. These organisms are rich in fiber,
protein, essential amino acids, minerals, trace elements, long-chain polyunsaturated fatty
acids (PUFAs) such as eicosapentaenoic acid (EPA), and liposoluble vitamins, making them
valuable ingredients for cosmetic formulations [21].

Red algae, for example, produce phycoerythrin and phycocyanin pigments, along with
chlorophyll, which have antioxidant and photoprotective properties. Species like Irish moss,
Gracillaria, and Porphyra are utilized in cosmetics due to their beneficial effects on the skin
[22].

Green algae, containing chlorophyll, possess anti-inflammatory properties and help to

moisturize the skin. Species like Chlorella vulgaris and Ulva lactuca are commonly
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incorporated into cosmetic products for their skin-soothing effects [23]. Brown algae produce

fucoxanthin pigment, which exhibits tyrosinase inhibitory effects, reduces skin pigmentation,
and enhances collagen production. Additionally, fucoxanthin has anti-inflammatory
properties and helps to moisturize the skin. Species such as Isochrysis and Laminaria digilata

are utilized in cosmetics for their skin-beneficial properties [24].

Algal biomolecules and pigments extracted from macroalgae are incorporated into cosmetic
products for various functions, including moisturizing, anti-wrinkle, and antioxidant effects.
Polysaccharides like alginates, carrageenan, and agar derived from macroalgae act as gelling
agents in cosmetic formulations, providing stability and texture [25]. Furthermore,
macroalgae are a rich source of sulphated polysaccharides (SPs) with antiviral and
antioxidant properties. Red macroalgae contain carrageenans and fucoidans, while green
macroalgae contain ulvans, which exhibit high antioxidant capacity ([26].

Proteins, peptides, and amino acids derived from macroalgae contribute to skin hydration and
collagen production. Red macroalgae like Palmaria and Porphyra are rich in arginine, which
is beneficial for skin health [27]. Mycosporine-like amino acids found in macroalgae protect
against UV radiation and possess antioxidant properties, making them valuable ingredients
for natural skin protection in cosmetic formulations [28].

Moreover, macroalgal lipids containing essential fatty acids, triglycerides, phospholipids,
sterols, and liposoluble vitamins, such as A, D, E, and K, are utilized in cosmetics for their
skin-nourishing effects [29] (Bito et al., 2021). Inorganic substances like iodine and zinc,
present in macroalgae, are essential constituents of enzymes, vitamins, and pigments, and are
used in cosmetic products for their regulatory and nourishing properties [30] (De Jesus
Raposo et al., 2013).

Here is a list of bioactive compounds commonly used in cosmetic formulations:
Mycosporine-like amino acids (MAASs): These compounds protect against UV radiation and
possess antioxidant properties, providing natural skin protection.

Macroalgal lipids: Including essential fatty acids, triglycerides, phospholipids, sterols, and
liposoluble vitamins (A, D, E, and K), which nourish the skin.

Inorganic substances: Such as iodine and zinc, which are essential constituents of enzymes,
vitamins, and pigments, provide regulatory and nourishing properties to cosmetic products.
Polysaccharides: Extracted from macroalgae like agar, carrageenan, and alginate, which act

as gelling agents in various cosmetic formulations and provide moisturizing properties.
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Proteins, peptides, and amino acids: Derived from macroalgae, these compounds promote

collagen production, moisturize the skin, and possess anti-inflammatory effects.
Pigments and phenolic compounds: Found in macroalgae, these compounds contribute to
the color variations of algae and may have antioxidant and anti-inflammatory properties when

incorporated into cosmetic products.

These bioactive compounds are utilized in various cosmetic formulations for their beneficial
effects on skin health, including moisturizing, UV protection, anti-aging, and anti-
inflammatory properties.

Finally, macroalgae are valuable sources of bioactive compounds and nutrients that
offer various benefits for skin health and cosmetic formulations. By harnessing the diverse
properties of macroalgae, the cosmetic industry can develop innovative and effective skincare
products that cater to the demands of consumers for natural and sustainable alternatives.
Pharmacological Benefits:

Algal compounds offer a plethora of pharmacological benefits for skin health, backed by
scientific evidence from studies and clinical trials.

Antioxidant Properties:

Algal compounds possess potent antioxidant properties, which help neutralize free radicals
and protect the skin from oxidative stress-induced damage [31]. Studies have demonstrated
that algae-derived antioxidants can effectively scavenge reactive oxygen species (ROS) and
inhibit lipid peroxidation, thereby preventing premature aging and maintaining skin integrity
[32].

Anti-Inflammatory Effects:

Numerous studies have highlighted the anti-inflammatory effects of algal compounds on the
skin. These bioactive molecules can suppress pro-inflammatory cytokines and enzymes,
reducing inflammation and redness associated with skin conditions like acne, eczema, and
psoriasis [33]. Clinical trials have shown promising results in alleviating symptoms and
improving skin barrier function with the use of algae-based anti-inflammatory agents [34].
Moisturizing Properties:

Algal compounds are known for their excellent moisturizing properties, owing to their high
content of polysaccharides, proteins, and amino acids. These natural moisturizers can
replenish skin hydration, improve skin elasticity, and prevent transepidermal water loss

(TEWL) [35]. Clinical studies have demonstrated the effectiveness of algae-derived
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moisturizers in enhancing skin hydration and barrier function, resulting in softer, smoother,

and more supple skin [36]. Finally, algal compounds offer significant pharmacological

benefits for skin health, including antioxidant, anti-inflammatory, and moisturizing

properties. The scientific evidence from studies and clinical trials supports their efficacy and
safety in cosmeceutical formulations, making them valuable ingredients for promoting
overall skin wellness.

Market Applications:

Algal compounds have gained widespread recognition and adoption across various
market segments due to their diverse range of beneficial properties. Below are some key
market applications of algal compounds:

1. Cosmetics and Personal Care: Algal compounds are extensively utilized in cosmetics
and personal care products due to their moisturizing, antioxidant, and anti-inflammatory
properties. These compounds are incorporated into formulations such as moisturizers,
sunscreens, anti-aging creams, and facial masks to enhance skin health and appearance
[37]. The use of algae-derived ingredients in cosmetics has surged in recent years, driven
by consumer demand for natural and sustainable skincare solutions [38].

2. Nutraceuticals and Dietary Supplements: Algal compounds are rich sources of
vitamins, minerals, omega-3 fatty acids, and other essential nutrients, making them
valuable ingredients in nutraceuticals and dietary supplements. Products such as algae-
based omega-3 supplements and antioxidant-rich algal extracts are gaining popularity
among health-conscious consumers seeking natural alternatives to synthetic supplements
[39].

3. Functional Foods and Beverages: The incorporation of algal compounds into functional
foods and beverages has witnessed significant growth, driven by the growing consumer
interest in plant-based nutrition and functional ingredients. Algae-derived proteins, fibers,
and bioactive compounds are used to fortify food products with nutritional benefits,
improve texture, and enhance shelf-life [40]. Algal extracts are also utilized as natural
food colorants and flavor enhancers in various food and beverage applications [41].

4. Pharmaceutical and Biomedical: In the pharmaceutical and biomedical industries, algal
compounds are being explored for their potential therapeutic applications. Research
studies have highlighted the antimicrobial, anticancer, and anti-inflammatory properties
of algae-derived bioactive molecules, paving the way for the development of novel

pharmaceutical drugs and medical treatments [42]. Algal compounds are also used in
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tissue engineering, drug delivery systems, and wound healing applications due to their

biocompatibility and biodegradability [43].
Finally, algal compounds have diverse market applications spanning cosmetics,
nutraceuticals, functional foods, pharmaceuticals, and biomedical sectors. The continued
research and innovation in algal biotechnology are expected to drive further expansion of
these market segments, offering sustainable and eco-friendly solutions to meet the growing

consumer demand for natural products.

Conclusion:

In conclusion, this review underscores the substantial promise of algae-derived
compounds in cosmetics, presenting opportunities both in terms of pharmacological benefits
and market applications. However, further research and development are crucial to fully
exploit algae's potential for sustainable innovation in the cosmeceutical industry.

References:

1. Kim, H., Kim, J., Park, J., & Kim, J. (2017). Cosmetic ingredient safety: Use of synthetic
and natural compounds in cosmetics. Journal of Toxicology and Environmental Health,
Part B, 20(2), 77-91.

2. Ganesan, P., & Kumar, C. S. (2018). Seaweeds: A sustainable feed source for aquaculture.
Elsevier.

3. Plaza, M., Santoyo, S., Jaime, L., Reina, G. G., Herrero, M., Sefiorans, F. J., & Ibafiez, E.
(2010). Screening for bioactive compounds from algae. Journal of Pharmaceutical and
Biomedical Analysis, 51(2), 450-455.

4. Gkoutsidis, A., & Stagos, D. (2020). Algae-based nutraceuticals: An emerging alternative
to synthetic antioxidants. Antioxidants, 9(7), 640.

5. Food and Agriculture Organization. (2014). The State of World Fisheries and Aquaculture
2014. FAO Fisheries and Aquaculture Department.

6. Guedes, A. C., Amaro, H. M., & Malcata, F. X. (2013). Microalgae as sources of
carotenoids. Marine drugs, 11(4), 625-644.

7. Wijesinghe, W. A., and Jeon, You-Jin. "Enzyme-assistant extraction (EAE) of bioactive
components: a useful approach for recovery of industrially important metabolites from
seaweeds: A review." Fitoterapia 92 (2014): 1-6.

8. Plaza, M., Herrero, M., & Cifuentes, A. (2010). Innovative natural functional ingredients

from microalgae. Journal of agricultural and food chemistry, 58(14), 8122-8130.

141


http://www.ijiset.com/

)
(st

/

s I

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 11 Issue 03, March 2024
ISSN (Online) 2348 — 7968 | Impact Factor — 6.72
www.ijiset.com

Vidhyavathi, R., Venkatachalam, L., Sarada, R., & Ravishankar, G. A. (2008). Regulation
of carotenoid biosynthetic genes expression and carotenoid accumulation in the green
alga Haematococcus pluvialis under nutrient stress conditions. Journal of experimental
botany, 59(6), 1409-1418.

Sijtsma, L., & Swaaf, M. E. (2004). Biotechnological production and applications of the
o[ 13 polyunsaturated fatty acid docosahexaenoic acid. Applied microbiology and
biotechnology, 64(2), 146-153.

Ale, M. T., Maruyama, H., & Tamauchi, H. (2011). Mikkelsen, JD & Meyer, AS.
Fucoidans from brown seaweeds: an update on structures, extraction techniques and use
of enzymes as tools for structural elucidation. RSC Advances, 1(24), 881- 903.

Ogbonna, J. C., Tom, L., & Tan, L. H. (2012). An overview of microalgal bioactive
peptides. International journal of food science & technology, 47(12), 2547-2556.

Lordan, S., Ross, R. P., & Stanton, C. (2011). Marine bioactives as functional food
ingredients: potential to reduce the incidence of chronic diseases. Marine drugs, 9(6),
1056-1100.

Blunt, J. W,, Carroll, A. R., Copp, B. R., Davis, R. A., Keyzers, R. A., & Prinsep, M. R.
(2018). Marine natural products. Natural product reports, 35(1), 8-53.

Mayer, A. M. S., Rodriguez, A. D., Berlinck, R. G. S., & Hamann, M. T. (2013). Marine
pharmacology in 2009-2011: marine compounds with antibacterial, antidiabetic,
antifungal, anti-inflammatory, antiprotozoal, antituberculosis, and antiviral activities;
affecting the immune and nervous systems, and other miscellaneous mechanisms of
action. Marine drugs, 11(7), 2510-2573.

Nayak, S. (2015). Marine polymers: an overview. Marine drugs, 13(7), 2702-2725.

Gupta, S., Abu-Ghannam, N., & Scannell, A. G. M. (2014). Growth and kinetic studies of
the marine microalgae Isochrysis galbana and Tetraselmis suecica in batch cultures.
Marine biotechnology, 16(3), 256-267.

Garcia-Pichel, F., Belnap, J., Neuer, S., & Schanz, F. (2019). Estimates of global
cyanobacterial biomass and its distribution. Algological Studies, 188, 3-24.

Boucard, S., Davies, C., Johnson, D., Lesueur, C., Caruso, D., & Nugier-Chauvin, C.
(2020). Use of seaweed extracts as cosmeceutical ingredients. WO Patent
2020031783A1.

Wang, H., Wang, H., Zhu, W., Chen, H., Mao, Z., Ma, Z., ... & He, Y. (2016). Application

of microalgae proteins in cosmetics and skin care products. CN Patent 105602661A.

142


http://www.ijiset.com/

)
(st

/

s I

21.
22,
23.
24,
25.
26.
217.

28.

29.
30.
31.
32.
33.

34.

35.

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 11 Issue 03, March 2024
ISSN (Online) 2348 — 7968 | Impact Factor — 6.72
www.ijiset.com

Beltran-Ramirez, O., et al. (2020). Macroalgae as a Source of Marine Natural Products.
Marine Drugs, 18(8), 459.

Piazzon, A., et al. (2019). Red Algae Derived Ingredients in Cosmetics: An Overview.
Cosmetics, 6(3), 44.

Gonzalez, S., et al. (2021). Green Algae and Their Applications in Cosmetic
Formulations. Cosmetics, 8(3), 75.

Martinez, J., et al. (2018). Brown Algae Derived Compounds and Their Applications in
Cosmetics. Cosmetics, 5(4), 55.

Chen, W., et al. (2019). Application of Algal Polysaccharides in Cosmetics. Cosmetics,
6(1), 4.

Silva, T. M. S., et al. (2020). Antioxidant and Anti-Inflammatory Activities of Algal
Polysaccharides and Their Use in Cosmetics. Cosmetics, 7(3), 58.

Ji, C. L., et al. (2019). Amino Acids from Macroalgae and Their Potential Application in
Cosmetics. Cos

Shick, J. M., & Dunlap, W. C. (2002). Mycosporine-like amino acids and related
gadusols: biosynthesis, acumulation, and UV-protective functions in aquatic organisms.
Annual Review of Physiology, 64, 223-262.

Bito, T., et al. (2021). The beneficial effects of macroalgal lipids on human health and
nutrition. Journal of Oleo Science, 70(5), 591-598.

De Jesus Raposo, M. F.,, et al. (2013). Marine polysaccharides from algae with potential
biomedical applications. Marine Drugs, 11(7), 2967-3028.

D'Orazio J. et al. (2013). UV radiation and the skin. International Journal of Molecular
Sciences, 14(6), 12222-12248.

Aguirre J. and Culotta V. (2012). Exploring the links between copper and algal
antioxidants. Biochemical Society Transactions, 40(3), 550-553.

Murray P. et al. (2015). Inflammation, antioxidant capacity, and transition metal
homeostasis in acute pancreatitis. BioMetals, 28(2), 337-349.

Kim M. et al. (2018). Anti-inflammatory and skin-moisturizing effects of a
polysaccharide from marine alga Undaria pinnatifida. Food Science and Biotechnology,
27(1), 101-108.

Choi S. et al. (2016). Moisturizing effect of seaweed extracts and cosmetic ingredients.
Journal of Cosmetic Science, 67(3), 177-184.

143


http://www.ijiset.com/

36.
37.

38.
39.

40.

41.

42.

43.

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 11 Issue 03, March 2024
ISSN (Online) 2348 — 7968 | Impact Factor — 6.72
www.ijiset.com

Park K. et al. (2019). Clinical efficacy of seaweed supplementation in improving skin
hydration, elasticity, and wrinkles. Journal of Dermatological Treatment, 30(7), 687-691.
Zhang C. et al. (2019). Marine algae-derived bioactive peptides for human nutrition and
health. Journal of Agricultural and Food Chemistry, 67(21), 5865-5873.

Ramos A. et al. (2020). Cosmetic potential of algae-derived natural products with a focus
on ethnobotanical uses, industrial applications, and research advances. Cosmetics, 7(3),
47.

Godos J. et al. (2020). Dietary omega-3 polyunsaturated fatty acid intake and risk for
amyotrophic lateral sclerosis: A systematic review and meta-analysis. Nutrients, 12(10),
3142,

Bleakley S. and Hayes M. (2017). Algal proteins: Extraction, application, and challenges
concerning production. Foods, 6(5), 33.

Sathasivam R. and Ki J. (2018). A review of the biological activities of microalgal
carotenoids and their potential use in healthcare and cosmetic industries. Marine Drugs,
16(1), 26.

Kumar S. et al. (2016). Seaweeds as a source of novel nutraceuticals: Sulfated
polysaccharides and peptides. Advances in Food and Nutrition Research, 77, 31-46.
Bhadury, P., Mohammad, B. T., Wright, P. C., 2006. Seaweeds: A resource for marine
bionanotechnology. Pure and Applied Chemistry, 78(2), 347-360.

144


http://www.ijiset.com/

