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high value-added bioactive materials has focused new attention on 
microalgae culture. Growth enhancement techniques and genetic 
engineering can be used to commercialize the potential of bioactive 
compounds from microalgae as high value-added materials of the 
future. Microalgae have been used throughout history for their 
nutritional benefits. Nostoc, is a genus of cyanobacteria found in 
various environment, was consumed as an alternative food source 
during times of famine in China and Aztecs collected masses of 
Spirulina and Spirulina [6]. The industrial cultivation of microalgae 
to produce bioactive materials for cosmetics, functional food, and 
pharmaceuticals has increased dramatically over the last few decades. 
Microalgae are produced in quantity and sold directly as food and 
nutrient supplements, while their processed products or extracts 
are used in cosmetics and biopharmaceuticals [7]. However, the 
advantages of microalgae consumption have been vaguely known for 
decades, their effects on the human skin and application still remain 
relatively unexplored. This study reviews the antioxidant effect of 
microalgae products and their applications in cosmetics industries for 
anti-aging.

Algal Anti-aging Substrates

Extrinsic and intrinsic aging both lead to commonly characterized 
features of aged skin such as wrinkling, laxity, and sagging. Extrinsic 
aging, or photoaging, is caused by regular ultraviolet (UV) light 
exposure. This is the direct cause of connective tissue alterations and 
other structural changes which are associated with pigmentation and 
telangiectasia [8,9]. Intrinsic skin aging refers to aging caused largely 
by genetic factors. Both extrinsic and intrinsic aging are highly tied to 
collagen degradation. Collagen is the main structural component of the 
human skin and the decrease or degradation of collagen is considered 
a major cause of skin aging. Collagen degradation is related to matrix 
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Introduction

The media and society have shown increased interest in skincare, 
leading to increased production of cosmetics. The focus has mainly 
shifted to aging, and industries are seeking various sources to a 
functional ingredient of whitening and anti-aging. To find solutions 
to whitening and skin aging, synthetics have been developed to be 
used as ingredients. In recent years, environmental awareness and 
the demand for natural sources brought greater interest to plants, 
terrestrial, and marine organisms. Among the various biomass, 
microalgae are receiving much attention as it is known to have a 
high effect on carbon dioxide fixing along with fast growth rates and 
to be able to produce various bioactive substances including poly-
unsaturated fatty acids and antioxidants for cosmetics.

Microalgae is a photosynthetic organism that can grow in a 
variety of environments, including fresh water, sea water, and even 
wastewater [1]. They are highly adaptable and can withstand a wide 
range of temperature, salinity, pH values, light intensity, and carbon 
dioxide concentration. Also, they can grow alone as well as through 
symbiosis with other organisms [2]. Algae are generally classified as 
red algae (Rhodophyta), brown algae (Phaeophyta) and green algae 
(Chlorophyta). Depending on the physical size, algae can be classified 
into macroalgae and microalgae. Macroalgae, also known as seaweed, 
are multicellular algae that can be observed with the naked eye, and 
are used for food or as alternative protein sources. While microalgae 
are unicellular species, either prokaryotic or eukaryotic, which are 
significantly smaller in size which are shown through microscopic 
observation [3,4]. Interest in discovering alternative sources of 
bioactive materials based on species diversity, incubation convenience 
and gene manipulation has recently shifted from macroalgae to 
microalgae, because of the abundance of bioactive molecules such 
as fatty acids, chlorophyll, vitamins, bioactive compounds and 
antioxidants which are widely used in cosmetics and food materials.

Domesticating animals and plants require a large amount of arable 
land and while they also cause severe pollution which can affect 
human health. When compared to terrestrial plant species, microalgae 
produce over 10 times more types of beneficial compounds including 
metabolites [5]. The process of cultivation is sustainable as the carbon 
dioxide biofixation capability helps absorb emissions. Interest in 
microorganisms as renewable and sustainable raw materials to produce
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metalloproteinases (MMPs). MMP levels show increased expression 
as a response to UV radiation, oxidative stress, and other stimuli [10]. 
Increasing age is another factor that could stimulate MMP expression. 
Fatty acids are essential components of the skin both structurally 
and functionally. As photosynthetic primary producers, microalgae 
produce fatty acids while using carbon dioxide.

The three types of omega-3 fatty acids involved in human physiology 
are α-linolenic acid (ALA), found in plant oils, and eicosapentaenoic 
acid (EPA) and docosahexaenoic acid (DHA), both commonly found 
in marine oils. According to previous studies, omega-3 and omega-6 
cannot be synthesized by the human body therefore a variety of 
traditional protein sources were used as omega-3 supplements. 
Marine algae and phytoplankton are primary sources ofomega-3 fatty 
acids and microalgae rich in omega-3 is recognized as a good source 
of nutrition for humans, especially the elderly and children. Studies 
show that when compared to these commonly used sources of poly-
unsaturated fatty acids (PUFA), microalgae are richer or comparable 
in EPA and DHA content. In the case of Chlorella minutissima and 
Nannochloropsis salina, they showed 39.9%EPA and 28%EPA when 
compared to soybean and Oncorhynchus gorbuscha which had 
20.0%EPA and 27.5%EPA+DHA respectively [11]. Among the lipid 
component of microalgae, the fatty acid portion ranges from 25-60%, 
depending on the species [12].

The skin’s outermost layer, or epidermis, is mainly consisted of 
natural lipids which are made up of fatty acids [13]. Omega-3 and 
omega-6 are two essential fatty acids determined to be unsaturated. 
Omega-3 broadly includes eicosapentaenoic acid, docosahexaenoic 
acid, and α-linolenic acid [14]. EPA is known for its inflammatory 
benefits as well as inhibiting MMP expressions induced by UV 
radiation [15].  Reports on Omega-3 fish oil supplementations and 
their MMP activity inhibition and collagen synthesis effects [16]. 
Microalgae is also known to produce and accumulation of large 
amount of lipid, including glycerol and other types of fatty acids (12-
22 carbons) which acids are highly nutritious and functional, and are 
used as food and cosmetic substrate [17]. Extracts from microalgae 
have various bioactive substances which accelerate the healing 
process and maintain skin moisture. In particular, the moisturizing 
effect and skin regeneration effect of microalgae fatty acid have been 
proven, making it a popular ingredient for cosmetics [18]. Studies 
were conducted at the gene level to determine the cause of anti-aging 
and skin regeneration. They may involve the anti-aging gene (Sirtuin 
1) that when activated may maintain skin function and anti-aging 
properties. The microalgae may contain anti-aging factors such as 
Sirtuin 1 activators that are critical to maintain DNA repair systems 
and skin function. Sirtuin 1 is critical for skin regeneration and Sirtuin 
1 activators found in microalgae may be the critical components to 
maintain skin regeneration and health [19-22].

Algal Anti-oxidant Substrates

Oxidative stress is the imbalance between the levels of reactive 
oxygen species (ROS) and antioxidants, which results in the 
accumulation of ROS and consequently contributes greatly to 
aging. Oxidative can occur in various essential components of the 
human body such as proteins and DNA. In terms of extrinsic aging, 
exposure to UV radiation leads to photochemical generation of ROS 
as the radiation inactivates DNA by yielding photoproducts. Further 
damage can be done including sister chromatid exchange, stand 
breaks, mutations and more [23]. ROS levels also increase as a result 
of intrinsic aging. An increase in age corresponds to the decreased 

ability of cells to repair DNA damage caused by accumulated ROS. 
Energy is needed in the repair process which is generated through 
processes such as mitochondrial oxidative phosphorylation. As 
the body ages, mitochondria are functionally less productive and 
thus produces less energy. In response to such oxidative stress, the 
human body has an antioxidative defense mechanism which restores 
the balance. Different forms of antioxidants exist, such as uric acid, 
catalase, vitamins, carotenoids and phenolic compounds [24]. While 
endogenous antioxidants are present in the skin, their concentrations 
decrease as aging proceeds or the skin is exposed to stressors. 
Therefore, topical application or consumption of these bioactive 
materials through food is needed to complement the deficiency of 
antioxidants. Microalgae are also rich in antioxidants. Vitamins that 
can be found in microalgae include vitamin B1, B12, A, C, E, and folic 
acid [25].

The photosynthetic nature of microalgae is what produces a 
variety of natural pigments such as chlorophyll, phycobiliproteins, 
and carotenoids in comparably high concentrations [26]. These 
pigments not only give the color of the algae by absorbing specific 
wavelengths but also act as antioxidants. The porphyrin ring structure 
of chlorophyll a is responsible for its antioxidant activity as it reacts 
with peroxyl radicals (RO2•) to inactivate them [27]. Microalgae 
pigments are also in the spotlight as cosmetic products due to their 
high anti-oxidization activities, which are known to be effective in 
preventing melanin pigment production and skin aging through the 
inhibiting of tyrosinase activity, a major enzyme in the production 
of melanin pigments, and the inhibiting of collagenase active, which 
causes skin aging. Fucoxanthin, a pigment that gives a brownish 
tint found in Hijikia fusiformis, showed high radical scavenging 
activity and cytoprotective effect which leads to ROS suppression 
[28].Blue-green microalgae (cyanobacteria) is produced by various 
photosynthetic pigments (carotenoids) that have fast growth and 
antioxidant production due to their high efficiency in the use of light 
energy. Currently, microalgae pigments, such as carotenoids, are used 
as additives to various foods such as candy bars, gums, pasta and 
beverages [29].

Conclusions

Microalgae is an effective small plant that uses solar energy and 
produces useful materials by fixing carbon dioxide and is a renewable, 
sustainable and economical source of bioactive ingredients. Among 
them, polysaccharides, carotene, lipids, and proteins are known to 
have numerous positive effects on health. As the need for natural 
antioxidants and fatty acid sources as alternatives to synthetics, many 
microalgae are used to produce various bioactive materials and have 
gained interest within the cosmetics industry. These cases show how 
microalgae extracts can be applied for anti-aging and antioxidant 
skin care products for their rich composition of bioactive materials. 
Many microalgae strains are cultivated on a commercial scale for 
their high bioactive materials and other health-promoting substances 
in the area of the cosmetics, food and medicine industries [30]. 
Many studies have been conducted on the functionality of materials 
produced by microalgae. Also, studies have been actively conducted 
to identify ingredients from microalgae as new research areas and to 
reveal biological and medical functions. Microorganisms are useful 
in mitigating CO2 fixation, biomass production and wastewater 
treatment, and can be expanded from pilot scale to commercial level 
by overcoming challenges and limitations on mass production. Such 
mass industrialization will lead to the production and popularization 
of more price-competitive micro-algae cosmetics [31]. As a relatively
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unknown source of antioxidants and fatty acids, further research 
can be carried on to investigate the suitable methods of extracting 
these compounds to maximize and optimize the yield according to 
extraction conditions.

 In conclusion, with increasing demand for natural 
products for skin care and well-being treatments, microalgae can 
be an important source of material with bioactive effects on skin 
health. Microalgae, which includes abundant antioxidants and 
skin regeneration materials, is believed to be an excellent cosmetic 
ingredient with UV protection and ability to regenerate skin cells. 
Therefore, research and commercialization of microalgae, which 
is capable of effective production of various bioactive materials of 
microalgae, will certainly continue to expand.
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