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Abstract. The micro-algae spirulina (Arthrospira platensis), which has a high concentration of nutrients
and biocompunds, has been used to improve people’s nutrition and health. Spirulina has a rich chemical
composition and it is known for the proteins, polyphenols and iron it contains. Benefits of this algae are
significant. We mention here immune system improvement, anticarcinogenic effects and cardiovascular
health. In this study we measure the antioxidant capacity and total polyphenols of spirulina for a better
understanding of this algae.
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Introduction. Spirulina (Arthrospira platensis) has become known as a superfood due to
the high diversity and concentration of nutrients it contains. It is the most nutritious and
concentrated food source found in nature. Spirulina is a unicellular microalga that grows
in fresh water, salt water and brackish bodies of the water. It grows best in a highly
alkaline environment with a pH of 10-12. Spirulina proteins are complete and contain all
the essential amino acids. Using the quantitative Kjedahl method, Babadzhanov et al
(2004) found a protein content of 68% in spirulina biomass samples grown during spring
and summer. Typical for cyanobacteria, which are generally low in lipids, spirulina
contains only 6-13% lipids, half of which are fatty acids. Total lipids decreased with
decreasing nitrogen content in a spirulina culture. The antioxidant and anti-inflammatory
activity of spirulina is higher by 3 g than in five servings of fruits and vegetables
(Piorreck et al 1984; Babadzhanov et al 2004; Capelly & Cysewski 2010; Andrianto et al
2024).

Spirulina is a filamentous cyanobacterium. It has attained considerable popularity
in the healthcare sector and also in the food and aquaculture industry. It has been used
for the last three decades as a popular food supplement and as a source of bioactive
compunds for the food industry, agricultural industry, pharmaceutical industry and
cosmetic industry. Recent studies associate the consumption of spirulina supplements
with immunomodulatory, proinflammatory, antioxidant and anticancer activities in both
animals and humans (Soni et al 2017; Joao et al 2019).

The chemical composition of spirulina. Spirulina is a photosynthetic cyanobacteria,
which has biological activity and is cultivated to produce biologically active food additives
and treat more diseases. The microalgae cell wall lacks cellulose but includes
mycosaccharides. Therefore, spirulina is 85-95% assimilated by an organism
(Babadzhanov et al 2004). Spirulina contains much more protein than many other food
products; the average protein value in spirulina is 65%, compared to meat and fish which
is 15-20%, in soy 35%, in evaporated milk 35%, in peanuts 25%, in eggs 12% and in
grains 8-14%. Another thing to note is the fact that the spirulina proteins are complet
and contain all the essential aminoacids we need. Due to its high protein content,
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spirulina is an essential source of essential and nonessential aminoacids for the vegans
and vegetarians (Babadzhanov et al 2004; AlFadhly et al 2022).

Cyanobacteria are generally low in lipids, spirulina containing only 6-13% lipids of
which half are fatty acids. If we compare spirulina with eukaryotic algae, we can see that
in eukaryotic algae, triglycerides do not accumulate (Piorreck et al 1984).

The blue-green colour is given by the important presence of the pigments
(Chirstaki et al 2011). Spirulina has in its chemical structure viatmins B1, B2, B3, B9 and
fat soluble vitamins such as vitamin A, vitamin E. The most quantitatively significant
mineral in spirulina is iron (Fe). Thus, regular consumption of spirulina can improve the
condition of those suffering from Fe deficiency. This cyanobacterium contains a large
proportion of essential minerals such as Ca, K, Mg, Na, P, Cu, Fe, Mn, Zn, Cr, Se (Wild et
al 2018; Spinola et al 2024).

Secondary metabolites are compounds present in the composition of spirulina.
Phenolic acids, polyphenols, sterols may cause biological effects of particular importance.
They show anticarcinogenic, anti-inflammatory, antimicrobial, antioxidant, antidiabetic
activity (Guldas et al 2021; Spinola et al 2024).

Benefits of spirulina. Spirulina is rich in nutrients and has numerous health benefits
reported by consumers. In 1974, the United Nations named spirulina as one of the best
foods for the future. In addition, spirulina provides common nutrients at high levels
(Bolanho et al 2014).

Immune system enhancement. Phycocyanin is a powerful antioxidant and has
significant immune-enhancing and antiviral properties. For decades, users have reported
a decrease in colds and flu following spirulina consumption. Spirulina supplements
stimulate the activity of natural killer cells, influencing innate immunity. Spirulina
influences innate immunity more than acquired immunity (Henrikson 1989; Finamore et
al 2017; Seghiri et al 2019; Rose et al 2023).

High energy level. Constituents such as polysaccharides, rhamnose and glycogen, and
essential fat are readily absorbed by human cells and help release energy. Spirulina
increases Lactobacillus in the gut, allowing the production of vitamin B6, which aids in
energy release (Nagaoka et al 2005; Singh et al 2025).

Anticarcinogenic effects. The blue-green pigment phycocyanin has important anti-
cancer effects, like: activation of apoptotic enzymes, antiproliferative effects against
cancer cells, inhibition of breast cancer cell growth (Anvar & Nowruzi 2021).

Effects against cardiovascular diseases. According to Prete et al (2024) spirulina
lowers blood pressure in patients who have consumed spirulina, it exhibits
antihypertensive effects. Cyanobacteria can significantly influence lipid profile, with a
major impact in the occurrence of cardiovascular diseases.

The objectives of this study were to determine the antioxidant capacity of spirulina
through methanol extraction and the determination of total polyphenols in spirulina.

Material and Method
The determination of the antioxidant capacity of Spirulina

Principle of the method. The principle of the method used in the determination of the
antioxidant capacity of spirulina involves sample extraction using methanol and
subsequent analysis using the Photochem system which allows luminometric detection of
free radicals obtained by photochemical excitation. Both pH and temperature will not
cause interferences.
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Reagents used. We used three reagents: ACW kit (dilution solution for water soluble
samples, buffer solution, photosensitizer solution, antioxidant standard solution),
ethanol, ultrapure water.

Materials used. We used the following materials: plastic test tubes; 50 mlLcentrifuge
tubes with lid; Photochem Analytik Jena series 3600344 /N.I 20302; single-channel
automatic pipettes (500-5000 pL, 100-1000 pL, 10-100 pL); centrifuge D-78532
HETTICH - Germany (Series 0000252-01-00/NI 20258); electronic analytical balance (IU
No 88, 32202102/ N.I 20298).

Extraction. We weighed 1 g of sample and used 20 mL of extraction solvent, methanol.
The we centrifuged the sample for 5 minutes at 10 000 rpm. The supernatant was used
for analysis.

Expression of results. We followed the manufacturer's instructions to measure the
results. The results were expressed in ascorbic acid equivalents, and for solid samples
the following calculation method was applied:

) ug QXDXMXxXV
Concentration [— =
mg PV x Mp

where: Q = nmol (ascorbic acid or trolox) read on the apparatus;

D = dilution factor;

M = molecular mass (ascorbic acid = 176.13 ng/nmol and for trolox = 250.3
ng/nmol);

V = extraction volume in mL;

PV = pipetted volume in the test tube;

Mp = sample mass in g.

The determination of total polyphenols in spirulina

Principle of the method. Due to the phenols and the basic medium used, the mixture of
phosphotungstic and phosphomobibdic acids will be reduced to blue oxides of tungsten
and molybdenum. These oxides have an absorption maximum of 765 nm. Acid pH may
cause interferences

Preparation of working solutions. We first prepared the five reagents we needed: ethanol,
ultrapure water, sodium carbonate, Folin-Ciocalteu solution, gallic acid. The gallic acid
was used to make the calibration curve.

Materials used. We used the following materials: plastic test tubes with 20 mL and 50 mL
lids; pipettes with capacities of 500-5000 pL, 100-1000 pL, single channel automatic;
250 mL and 50 mL volumetric flasks; Lambda 25 ultraviolet-visible molecular absorption
spectrophotometer, Perking Elmer 101N8031701/N.I 20246; centrifuge D-78532
HETTICH - Germany (Series 0000252-01-00/NI 20258); electronic analytical balance (IU
No 88, 32202102/ N.I 20298); quartz cuvettes 1 cm thick.

Extraction. In a 50 mL plastic centrifuge flask 1 g of spirulina sample was weighed. As
extraction solvent we used methane, 20 mL. Homogenize by shaking the sample.
Centrifuge the mixture for 5 minutes at 10 000 rpm. After separation of the phases we
took the supernatant for analysis as it contains the phenolic compounds of interest.

Measurement. We pipetted 5 mL distilled water, 1.5 mL 10% sodium carbonate solution,
0.5 mL sample, 0.5 mL Folin Ciocalteu solution into a 15 mL vial. After leaving the
formed mixture at room temperature for 45 minutes we measured at a wavelength of
765 nm against a blank solution. Comparison of the measurements was made using a
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gallic acid calibration curve (25, 50, 100, 250 ppm) and the results were quantified in
gallic acid equivalents.

Results and Discussion. Antioxidant-based studies and its implications in different
fields such as food engineering, medicine and pharmacy are of growing interest to the
scientific community. The role that antioxidants play is to neutralize free radicals in
biological cells, especially those that have a negative impact on living organisms
(Munteanu & Apetrei 2021).

Antioxidant capacity of spirulina. The results are depicted in Table 1.

Table 1
Mean value and variability for the antioxidant capacity of spirulina

Ascorbic acid equivalent result (ug mg?)
X+sx V%
Spirulina 4.6874+0.08 3.63

Tipe of product

The obtained value of 4.6874+0.08 ug mgis a moderate value. In the study carried out
by Kumar et al (2022) it was revealed that values of 0.128+0.005 mg g™ ascorbic acid
were present in aqueous extract of spirulina, whereas in ethanolic extract values of
0.111+0.003 mg g ascorbic acid were present. Using Trolox equivalent, Bolanho et al
(2014) showed a value of 40.3 mmol kg!, TE. Spirulina shows an antioxidant capacity of
5.42-9.12 umol Trolox gt (Catana et al 2023).

Analyzing four different brands producing spirulina powder, the following results
were obtained, depending on the type of extract: 51.70+0.52, 48.24+0.52, 36.82+0.46
and 13.52+0.61 pmol TE/mL (aqueous extract), 2.50+0.26, 2.33+0.26, 1.06+0.26 and
1.00£0.17 umol TE/mL (ethanolic extract). Significantly higher values were observed in
aqueous extract (Gonzales-Condori et al 2024).

Polyphenols content of spirulina. The results are depicted in Table 2.

Table 2
Polyphenols content of spirulina

Polyphenols (mg/kg equiv. GAE)
X+£sx V%
Spirulina 1.08+0.02 4.29

Type of product (mg kg)

The spirulina analyzed in this study had slightly low polyphenol values of 1.08+0.02 mg/
kg GAE equivalent. Using methanolic extract and Folin-Ciocalteu method, values of
4.19+0.21 mg GAE/g dw were recorded for Moroccan spirulina (Seghiri et al 2019).

The total amount of polyphenols was 2.4957+0.0597 GAE mg/g dw in a study of
Andrianto et al (2024). The amount of polyphenols in the study by Kumar et al (2022)
was 9.919 mg g! in aqueous extract and in ethanolic extract it was 3.476 mg g!. The
total level of phenolic compounds was 12.2 g kg, in the research of Bolanho et al
(2014). The powders with spirulina had values of 154.50-256.26 mg GAE/100g (Catana
et al 2023). Kuatrakul et al (2017) obtained a value of 99.76 mg GAE/100 g dry matter
by dehydration of spirulina. The value of 408 mg GAE/100 g was indicated in the
research of Rodriguez et al (2014). The amount of polypheonols can vary depending on
the drying temperature, according to Larrosa et al (2017). Thus, at a drying temperature
of 60°C, 484.2 mg GAE/100 g were recorded, and at 55°C, 607.6 mg GAE/100 g. Rose et
al (2023) stated that both the mode and temperature, as well as the grinding method,
and the degree of maturity and development of spirulina contribute significantly to the
amount of polyphenols present in the sample.
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Conclusions. Spirulina is an important superfood with a higher content of proteins and
vitamins. As well, it contains a significant quantity of iron. Its antioxidant capacity and
the polyphenols present in this cyanobacteria contribute to cardiovascular health, energy
improvement and immune system enhacement. A regular cosumption of spirulina is
indicated.
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