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Microalgae is an aquatic microorganism with a plethora of diverse bioactive compounds including phenolics,

carotenoids, vitamin B  and peptides. Microalgal bioactive compounds have been shown to possess positive

health effects such as antihypertensive, anti-obesity, antioxidative, anticancer and cardiovascular protection.

microalgae  bioactive compounds  functional food

1. Introduction

Functional role of foods has shifted from only the provision of energy and basic nutrients to include the supply of

non-nutritive bioactive compounds capable of offering protection against the development of chronic diseases.

Plant food groups (e.g., grains, legumes, nuts, fruits and vegetables, etc.) with these duo characteristics are

defined as functional foods, which can be consumed as fresh foods, minimally processed or as ingredients in

formulated foods . However, with the increasing world population and consumer knowledge of the relationship

between food intake and development of diseases, there is the need to exploit other food sources that can (i)

sustain the functional food industry and (ii) meet the demanding health needs of the growing populace. In pursuit of

this, an underexploited aquatic microorganism with potential functional food supply is microalgae.

Compared to terrestrial plants, microalgae are sustainable due to their rapid growth, ease of cultivation and non-

competition for arable land. Microalgae are unicellular aquatic microorganisms with over 50,000 classified species.

Some notable examples include Nostoc commune, Arthrospira platensis, Aphanizomenon flosaquae, Chlorella

vulgaris and Chlorella pyrenoidosa . Besides their appreciable levels of primary metabolites (e.g., protein,

carbohydrates, polyunsaturated fatty acids and vitamins), the health benefits of microalgae are mainly correlated to

the presence of high value secondary metabolites. Secondary metabolites are non-nutritive compounds produced

in plants as defense agents against environmental stress . Microalgae research has shown substantial

concentrations of diverse secondary metabolites such as pigments (e.g., phenolics, carotenoids, etc.), phytosterols

and mycosporine-like amino acids  (Figure 1).
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Figure 1. Bioactive composition of microalgal biomass. PUFA—polyunsaturated fatty acids; MAAs—mycosporine-

like amino acids.

2. High-Value Bioactive Primary Metabolites

2.1. Polyunsaturated Fatty Acids (PUFAs)

Polyunsaturated fatty acids (PUFAs) cannot be produced by the human body, hence, the need to obtain them

through food consumption. They are divided into two groups namely omega-3 fatty acids (including α-linolenic,

ALA; eicosapentaenoic acid, EPA; and docosahexaenoic acid, DHA) and omega-6 fatty acids (including

arachidonic acid ARA; linoleic acid, LA; γ-linoleic acid, GLA; and conjugated linoleic acid, CLA) . The health value

of microalgae can partly be directed to its composition of PUFAs, which have been shown to promote brain and

eye health, as well as protect against cardiovascular diseases, obesity, diabetes and arthritis . Well-known PUFA

microalgal producers include Crypthecodinium, Schizochytrium and Ulkenia sp. although other genera such as

Phaeodactylum, Monodus, Nannochloropsis and Porphyridium have also shown considerable levels of DHA and

EPA . However, it is important to highlight that a majority of research data on microalgal PUFAs are reported with

reference to their biofuel applications, with very limited reports on food, health and pharmaceutical applications.

Considering the health benefits of PUFAs, coupled with the low consumer acceptance of fish oil PUFAs (i.e., low

oxidative stability and high off-flavors), it can be postulated that there is the demand for alternative PUFAs. Hence,

scientific data on microalgal PUFA profile, their bioactive properties and stabilities under different processing

conditions will be very crucial in helping promote their applications in the functional food industry. In the study of

Aussant et al. , eight species of microalgae were cultivated under different conditions (temperature—8, 14, 20

and 26 °C; time—5, 10 and 14 days). Of the eight investigated species, Nannochloropsis oculata and Isochrysis
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galbana reported the highest concentration of EPA (2.52 mg/L) and DHA (1.08 mg/L) at 20 °C/day 5 and 14 °C/day

5, respectively, with their investigated in vitro nutritional indices (i.e., hypocholesterolemic, atherogenic and

thrombogenic indices) falling within accepted health ranges. Similarly, an increase in bicarbonate concentration

from 2 to 8 mM increased the total PUFA content by 5.6% in Pavlova lutheri . However, increasing light intensity

from 37.7 to 100.0 µmol/m /s in Chlorella vulgaris reduced DHA and EPA levels by 50 and 70%, respectively .

2.2. Polysaccharides

From the review of Mourelle et al. , microalgal polysaccharides are largely exploited from the genera

Porphyridium, Phaeodactylum, Chlorella, Tetraselmis, Isochrysis and Rhodella. In microalgae, polysaccharides

function as protection agents, energy reservoirs and structural molecules, and are divided into pectins, glycol-

protein, sulfated polysaccharides (SPS) and homo- and hetero-polysaccharides . Among these

polysaccharide groups, the most widely reported is the sulfated group with findings mainly reported on their anti-

inflammatory benefits. In the study of Matsui et al. , extracts of sulfated polysaccharides from Porphyridium

showed in vitro migratory inhibition of leukocytes to inflammation sites. These authors also observed in vivo

microalgal inhibition against erythema development. Few antioxidant studies have also been reported with

microalgae polysaccharides, as further discussed in Section 4 of the text. It is also important to highlight that

microalgal polysaccharides are often exploited for their techno-functional applications, compared to their health

benefits, thus, making it difficult to correlate their structure with health effects. Therefore, future studies focusing on

the structure–activity relationship between microalgal polysaccharides and potential bioactive effects are highly

recommended.

2.3. Vitamins

Although vitamins are essential elements required for proper human development, they can only be obtained

through diets or supplements. Microalgae are excellent potential source of vitamins, compared to some well-known

sources such as orange, carrot and soy flour . Although microalgae are not natural producers of vitamin A, it is

interesting to note that microalgae can accumulate vitamin A precursors such as carotenes (i.e., α- and β-

carotenes) and retinol, which have been demonstrated to protect against the development of some cancer types

. The recent study of Ljubic et al.  investigated the accumulation of vitamin D  (cholecalciferol) in

Nannochloropsis oceanica, Arthrospira maxima, Rhodomonas salina and Chlorella minutissima upon exposure to

different doses of ultraviolet B (0, 15, 22 and 36 kJ/m /day) for 7 days. The authors observed the highest level of

vitamin D  (1 µ/g dry weight) with Nannochloropsis oceanica at UV-B dose of 36 kJ/m /day, compared to the

control (< 0.004 µ/g DW). Edelmann et al.  reported vitamin B  contents in formulated powders of Chlorella sp.

and Nannochloropsis sp. to be 25.9 and 20.8 µg/g, respectively. It can therefore be postulated that the

consumption of about 5 g of Chlorella and Nannochloropsis microalgae powder can provide a quarter of the

recommended daily intake (i.e., 400 µg/d) of vitamin B . According to Tarento et al. , cyanobacteria has about

200 µg/g of vitamin K , being about six times higher than levels reported for parsley (i.e., 37 µg/g), a well-known

vitamin K  food source. Hence, adult daily consumption of 1 g cyanobacteria will provide three times their daily

needs for vitamin K . Another crucial vitamin imperative for good health, especially among the aged is vitamin B ,
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although it is limited in plant foods . Nevertheless, Edelmann et al.  observed Chlorella sp. to contain 2.4 µg/g

of vitamin B , concluding that 5 g Chlorella powder will provide five times the daily requirement of vitamin B . A

further important observation is that literature on bioaccessibility and bioavailability of microalgal vitamins is very

limited. Thus, the need for deeper studies to enable health-regulating agencies and food industries to approve and

include microalgae in the formulation of functional foods.

2.4. Peptides

Peptides are short chain amino acids (i.e., 20–50 units) linked together by peptide bonds . According to Khanra

et al. , 50% of the global protein and peptide market is currently sourced from terrestrial plants and may be

replaced by proteins from microalgae and insects by 2054. Considering this trend, microalgal peptides has been

exploited from Chlorella, Navicula, Tetraselmis and Nitzschia . Ko et al.  isolated a pentapeptide with the

amino acid sequence Leu-Asn-Gly-Asp-Val-Trp from Chlorella ellipsiodea, and reported appreciable peroxyl

radical, 1,1-Diphenyl-2-picrylhydrazyl (DPPH) and hydroxyl radical scavenging capacities with half maximal

inhibitory concentration values (IC ) of 0.02, 0.92 and 1.42 mM, respectively. Two isolated peptides from

Nannochloropsis oculata with an amino acid sequence of Gly-Met-Asn-Asn-Leu-Thr-Pro and Leu-Glu-Gln were

found to possess anti-hypertensive properties by inhibiting the activity of angiotensin-converting enzyme (ACE) at

IC  values of 123 and 173, respectively . According to these authors, microalgal peptides can exhibit

antihypertensive properties through the (i) inhibition of ACE, the main enzyme responsible for vasoconstriction of

veins and arteries (ii) triggering of vasodilation effect, i.e., capacity to increase nitric oxide levels through the

stimulation of the endothelial nitric oxide synthase pathway.
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