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Abstract: The rising incidence of chronic diseases has spurred
interest in functional foods rich in antioxidants and essential
nutrients, as well as in exploring their potential cytotoxic

activity against cancer cells. This study aims to address this
gap by providing a comprehensive comparison of their bio-
chemical composition and bioactive properties, offering
insights into their targeted applications in functional foods
and supplements. This study investigated the nutritional
composition and bioactive properties of two algae species,
chlorella (Chlorella vulgaris) and spirulina (Arthrospira pla-
tensis). Analysis included total protein content, amino acid
profiles, mineral compositions, fatty acid profiles, B vitamin
contents, polyphenol profiles, carotenoid contents, antioxidant
activities (DPPH˙ and ABTS+ assays), and cytotoxic activities.
Chlorella exhibited higher protein content (64.63%) compared
to spirulina (58.24%). Spirulina showed higher concentrations
of non-essential and essential amino acids, except for methio-
nine. Mineral analysis revealed spirulina’s superiority in cal-
cium, potassium, sodium, iron, manganese, and zinc, whereas
chlorella contained higher copper and lead levels. Fatty acid
analysis indicated chlorella’s dominance in saturated fatty
acids, while spirulina showed higher proportions of monoun-
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saturated and polyunsaturated fatty acids. Polyphenol analysis
highlighted chlorella’s higher levels of p-hydroxybenzoic
acid, whereas spirulina contained more rutin and catechin.
Chlorella also exhibited higher levels of niacin and riboflavin
compared to spirulina. Additionally, spirulina extracts, whether
ethanolic or hexane-based, demonstrate substantial antioxidant
effects, as evidenced by their lower IC50 values in both
DPPH˙ and ABTS+ assays relative to chlorella. Overall, spir-
ulina showed superior antioxidant effect. Chlorella hexane
extract showed slightly higher cytotoxic potential compared
to spirulina. These findings enhance our understanding of
the nutritional and health-promoting properties of chlorella
and spirulina, suggesting their potential applications in
functional foods and dietary supplements. While in vitro
assays indicate promising bioactivity, future studies should
include in vivo experiments to confirm the health benefits
and functional applications of these microalgae.

Keywords: algae, minerals, polyphenols, total carotenoids,
antioxidant activity, cytotoxic activity

1 Introduction

The incidence of chronic diseases related to nutrition has
been steadily increasing, leading to higher healthcare costs
[1]. Antioxidants have shown significant potential in pre-
venting and treating chronic diseases by reducing oxidative
stress, a critical factor in their development, including cancer.
Consequently, dietary modifications aimed at increasing the
consumption of antioxidant-rich functional foods are increas-
ingly recommended to reduce disease incidence. Natural
compounds are gaining attention as potential safer alterna-
tives to chemotherapy [2]. Therefore, there is an urgent need
to maximize the effectiveness of dietary interventions for
disease prevention [1]. As the global population continues
to grow beyond the limits of existing food production sys-
tems, the need for food is expected to increase by at least
70% compared to present levels. Population growth, coupled
with dwindling arable land and freshwater resources, has
intensified the need for alternative protein sources [6]. Pro-
tein, in particular, is expected to be one of the critical nutri-
ents facing scarcity in the future [6]. This situation has raised
concerns about the environmental impact of intensive agri-
culture and its contribution to climate change. Consequently,
there is a pressing need for research to explore and develop
new, sustainable food sources and therapies [3,4].

Algae represent a highly diverse group of organisms
known for their abundance of bioactive compounds like
pigments, polyunsaturated fatty acids (PUFA), polysacchar-
ides, and polyphenols. They play critical roles in shaping

and maintaining the structure and functions of oceans,
thereby supporting the benefits humans derive from these
aquatic ecosystems [5]. Themarine environment is tough for
plants due to low light, nutrient scarcity, high pH, pressure,
and predators. To survive, marine flora use adaptive strate-
gies like defense, reproduction, and competition, leading to
the production of diverse secondary metabolites [6,7]. These
compounds provide a range of health advantages, such as
antioxidant, anti-inflammatory, anticancer, and anti-obesity
properties. Due to the extensive variety of species and bioac-
tive molecules found in algae and microalgae, there is a high
potential for uncovering new beneficial effects and pre-
viously unidentified compounds [8].

One of the most promising options for sustainable food
ingredients is algae [3]. Algae is increasingly recognized as
a nutraceutical food due to its higher protein content com-
pared to legumes and soybeans, gaining popularity accordingly
[3]. Chlorella (Chlorella vulgaris) and spirulina (Arthrospira
platensis) are two of the most well-known algae, celebrated
for their abundance of proteins, vitamins, pigments, fatty acids,
and sterols. Chlorella and spirulina are currently the two most
established algae supplements globally, with extensive cultiva-
tion and production dating back to the early 1940s [9]. Spiru-
lina, a form of blue-green algae, is commonly consumedworld-
wide as a nutritional supplement because of its rich protein
content (50–60%), abundance of antioxidants, essential fatty
acids, and other valuable nutrients [10]. These bioactive com-
pounds make them highly appealing for production and utili-
zation in the food industry. Chlorella, a eukaryotic microalgae,
and spirulina, a prokaryotic cyanobacterium, flourish in fresh-
water environments and are prized for their health benefits.
Spirulina and chlorella are algae cultivatedworldwide for their
high content of carotenoids, including provitamin A carote-
noids, and essential nutrient vitamin B. These algae are recog-
nized for their nutritional benefits, serving as rich sources of
both macro and micronutrients for diverse populations. Exten-
sive research [11–19] confirms their safety for human consump-
tion when grown in controlled, uncontaminated environments
and consumed in moderation [18]. Recent research focuses on
natural compounds from plants with potential anticancer prop-
erties. Phytochemicals, with their diverse chemical structures,
continue to play a crucial role in cancer therapy, highlighting
the essential link between plant-based nutrition and advance-
ments in medical science [20–23]. Overall, spirulina and chlor-
ella not only provide essential nutrients but also offer potential
cytotoxic effects against cancer cells, positioning them at the
intersection of nutritional science and cancer research for their
dual health benefits [7,24,25].

The aim of this study is to comprehensively analyze
commercially sourced algae species, namely chlorella
(C. vulgaris) and spirulina (A. platensis), focusing on their
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nutritional composition including total protein content,
amino acid profile, B vitamin content, fatty acids, andmineral
composition. The primary objective is to enhance our under-
standing of the health benefits offered by these algae, speci-
fically exploring their antioxidant and cytotoxic properties.
By investigating the cytotoxic and antioxidant effects of these
algae, this research aims to highlight their significant poten-
tial for promoting human health and combating diseases,
thereby contributing to advancements in nutritional science.

2 Materials and methods

2.1 Algae powder

In this research, we utilized 100% powdered chlorella
(C. vulgaris) and spirulina (A. platensis), sourced from cer-
tified organic production. The products were labelled with
SI-EKO-002, indicating agriculture outside the EU. Both the
chlorella and spirulina powders originated from China and
were produced under stringent controls in filtered natural
water. The powders were purchased from FutuNatura, a
Slovenian company located in Kranj, in 2022. They adhered
to EC Organic Regulation standards and were stored in
hermetically sealed, dark, dry conditions at room tempera-
ture (approximately 20°C).

2.2 Protein content and amino acid profile

To determine the protein content, the Kjeldahl method was
applied following the guidelines of ISO 20483:2013 [26].
Amino acid composition was analyzed through acidic and
oxidative hydrolysis, with the latter specifically used for
sulfur-containing amino acids. For amino acid analysis,
two hydrolysis methods were used: acidic and oxidative.
Acidic hydrolysis involved heating the sample at 110°C for
23 h, which decomposed the proteins into individual amino
acids. The oxidative hydrolysis method, designed specifi-
cally for sulfur-containing amino acids, was performed in
two stages: first at 4°C for 16 h, followed by 100°C for 2 h, in
accordance with the AOAC method 994.12 [27]. After hydro-
lysis, the samples were derivatized with AccQ˙Tag reagents
and analyzed using ultra-performance liquid chromato-
graphy on a Shimadzu Nexera 2.0 system. The separation
occurred on an AccQ-Tag Ultra C18 column, under condi-
tions with a mobile phase flow rate of 0.6mL/min and a
solvent gradient from 5 to 100% AccQ˙Tag Ultra. Detection
took place at 260 nm. Quantification was based on a

calibration curve created from known amino acid standards
[28]. The results were expressed as grams of amino acid per
16 g of nitrogen, equivalent to grams per 100 g of protein.

2.3 Determination of mineral profile

The process of mineralizing algae powders was performed
by applying a combination of high pressure, elevated tem-
peratures, and focused microwave energy. Algae samples
were placed in 30mL sealed vessels made from chemically
modified Teflon (Hostaflon TFM). To each vessel, 3 mL of
60% nitric acid and 1 mL of 30% hydrogen peroxide were
added. The vessels were then placed inside a steel jacket
and subjected to a microwave-assisted mineralization pro-
cess lasting 10 min at a power output of 200W. Afterward,
the samples were diluted to a total volume of 25 mL.
Elemental analysis was conducted using an emission spec-
trometer with an inductively coupled plasma source (IRIS
HR, Thermo Jarell Ash, USA). Quantitative results were
obtained through the use of a calibration curve. The ele-
mental composition, including calcium (Ca), magnesium
(Mg), potassium (K), sodium (Na), copper (Cu), iron (Fe),
manganese (Mn), zinc (Zn), and lead (Pb), was determined.
The findings were expressed in milligrams per gram of dry
matter (mg/g DM), and the analysis was based on six inde-
pendent measurements, consisting of three biological and
two technical replicates.

2.4 Fatty acids composition

To extract fatty acids, the protocol outlined by Folch et al.
[29] was employed, closely following their procedure for
lipid isolation. The determination of the fatty acid compo-
sition was carried out using the AOCS Ce 1 h-05 method
[30], with parameters adjusted based on earlier research
[31]. For analysis, a gas chromatograph (Agilent 7820A, Agi-
lent Technologies, Santa Clara, CA, USA) was used, which
was fitted with a flame ionization detector and an SLB-
IL111 capillary column (100m in length, 0.25 mm internal
diameter, and a film thickness of 0.20 μm; Supelco, Belle-
fonte, PA, USA). Fatty acid concentrations were expressed
as a percentage of the total fatty acids, offering detailed
information on the lipid composition.

2.5 Carotenoid content

To extract the carotenoids from the powdered algae, 1 g of
the sample was first ground in a mortar. It was then washed
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multiple times with 10mL of acetone until the sample no
longer retained its color. Afterward, the resulting extract
was filtered through Whatman® Grade 2 filter paper for
use in carotenoid analysis. In the next step, petroleum ether
was placed in a separatory funnel with a Teflon stopcock.
The acetone extract, along with distilled water, was intro-
duced, and the mixture was allowed to flow down the
sides of the funnel. After phase separation, the aqueous
layer was discarded. The petroleum ether layer was then
washed twice with distilled water to remove residual
acetone. This ether layer was transferred to a volumetric
flask and passed through a small funnel containing 0.5 g
of anhydrous sodium sulfate to eliminate any water.
Finally, the volume was adjusted with petroleum ether.
The total carotenoid concentration was determined using
the molar absorption coefficient of β-carotene, and the
carotenoid content was expressed in mg/g following the
calculation provided [32]:

( ) ( ) ( )= ⋅ ⋅ ⋅ ⋅A r V E nTTC mg/g 10 / (1)

where A is the absorbance at 445 nm, r is the sample dilu-
tion, V is the volume of the petroleum, E is the molar absorp-
tion coefficient (E1%1cm = 2,620), n is the weight of the sample,
and TCC represents the total carotenoid content.

2.6 Polyphenolic composition profile

To analyze the polyphenolic compounds, high-perfor-
mance liquid chromatography (HPLC) was employed using
an Agilent 1260 Infinity II system, which includes an auto-
sampler (G7129A), a pump (G7111A), and a diode array
detector (G7115A) covering a range of 190–400 nm [33].
The samples were prepared using an 80% methanol
extract, following a previously outlined procedure [34].
For the separation of phenolic compounds, an SB-C18
column (50 mm × 4.6 mm, 1.8 μm particle size, Agilent)
was utilized, with a column temperature set at 25°C. The
elution program involved a gradient of two solvents: sol-
vent A, a 2% acetic acid solution in water, and solvent B, a
2% acetic acid solution in methanol. The elution started
with 2% B, increased to 40% B at 22 min, held at 40% B
until 26 min, then reached 100% B at 28 min, and finally
returned to 2% B by 36 min. The flow rate was fixed at
0.75 mL/min, and 5 μL of the sample was injected for
each run. Quantification of the polyphenolic compounds
was performed based on the analysis of peak areas using
OpenLab CDS software (Agilent Technologies). The poly-
phenolic content was expressed as micrograms per gram
of dry matter (μg/g DM), providing a comprehensive poly-
phenolic profile of the sample.

2.7 Analysis of B vitamins

B-class vitamins were analyzed using HPLC with an Agilent
1260 Infinity II system. The setup included an autosampler
(G7129A), a pump (G7111A), and a diode array detector
(G7115A), covering a spectral range of 210–400 nm. The ana-
lysis was carried out on a Lichrospher® RP-18e column
(5 μm, 250 × 4mm, Merck) at 30°C. The mobile phase con-
sisted of 0.1M KH2PO4 (pH 7) and acetonitrile, with a flow
rate of 1 mL/min. The gradient elution started with 3% acet-
onitrile, increasing to 10% at 15min, then to 30% at 40min,
holding until 45min, and returning to 3% at 46min. A 10 μL
sample volume was injected for each analysis [35].

2.8 Bioactive characteristics

2.8.1 Ethanol and hexane extracts

Algae powder extraction was carried out using denatured
ethanol and hexane. Fifty grams of algae was placed in a
1 L glass bottle with 500mL of solvent and incubated in the
dark at 25°C for 24 h using a shaker (GFL 3031, Burgwedel,
Germany). The mixture was then filtered through Whatman®

Grade 2 paper. The process was repeated with fresh solvent for
a total of three extractions. The concentrated extracts were
obtained using a rotary vacuum evaporator (Witeg
Labortechnik, Germany) at 50°C under reduced pressures.
Extracts were transferred to sealable glass containers and
stored at 4°C in the dark until use. For antioxidant and cytotoxic
assays, the extracts were dissolved in 99.5% dimethyl sulfoxide
(DMSO), subjected to an ultrasonic bath (Kraft&Dele, Łódź,
Poland) at 30°C for 30min, and vortexed until fully dissolved.

2.8.2 Antioxidant activity

The antioxidant activity of ethanolic and hexane algae
extracts was evaluated using DPPH˙ and ABTS+ radical scaven-
ging assays. Extracts were dissolved in DMSO at 50mg/mL.
DPPH˙ solution (0.025 g/L) was prepared in methanol, adjusted
to 0.8 absorbance at 515 nm. ABTS+ was diluted to 0.7 absor-
bance at 744 nm. In the assays, 190 μL of radical solution was
mixed with 10 μL extract and incubated in the dark at room
temperature for 30min. Absorbance was measured at 515 nm
(DPPH˙) and 744 nm (ABTS+), and percentage inhibition was
calculated using (A0 − AA)/A0 × 100. Trolox was used as a
reference for Trolox equivalent antioxidant capacity (TEAC)
determination. This method provides a comprehensive assess-
ment of antioxidant potential.
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2.8.3 Cytotoxic activity

2.8.3.1 Cell lines
Algae extracts’ anticancer effects were assessed using the
MRC-5 (human lung fibroblast), HeLa (human cervical cancer),
and HCT-116 (human colon cancer) cell lines, obtained from
ATCC. All experiments were performed in a Class IIa biosafety
cabinet. Cells were cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM; Sigma Aldrich D5671) supplemented with
10% fetal bovine serum, L-glutamine, non-essential amino
acids, penicillin, and streptomycin. A cryovial with cell suspen-
sion was thawed, added to 9mL of DMEM, centrifuged at 450g
for 5min, and the pellet was resuspended in 5mL of complete
DMEM. The suspension was transferred to a T-25 flask and
incubated at 37°C with 5% CO2. When confluent, cells were
detached using 0.05% trypsin and 0.053mM EDTA, incubated
for 2min, and trypsin activity was inhibited with complete
DMEM. The cell suspension was split into three T-25 flasks
with 5mL DMEM each and returned to the incubator.

2.8.3.2 MTT cytotoxicity assay
To evaluate the cytotoxic potential of algae extracts (both
ethanol and hexane), the MTT assay was used. Cells were
seeded in 96-well plates at a density of 3 × 10³ cells per well
and allowed to adhere overnight. The culture medium was
then replaced with algae extracts at different concentrations,
ranging from 0.3 to 300 μg/mL, based on the extract showing
the most significant cytotoxic effects. A control group con-
taining only supplemented DMEM was included. After incu-
bation for 0, 24, and 48h, MTT solution (0.5mg/mL) was added
to each well. After 2–4h of incubation, DMSO was added to
dissolve the formazan crystals. Absorbance was measured at
540nm using a microplate reader. The experiment was con-
ducted in triplicate, with three independent replications.
Cytotoxicity was calculated as the percentage inhibition of cell
viability using the formula: ((Acontrol – Atreatment)/Acontrol) × 100.
The growth inhibition parameters (GI50, TGI, and IC50) were
calculated using GraphPad Prism 8.0 software, following the
NCI-60 methodology. The selectivity index (SI) was calculated
by comparing the IC50 values for MRC-5 cells to those of HeLa
and HCT-116 cells.

2.8.3.3 Annexin V-FITC/7-AAD assay
To determine the type of cell death induced by the algae hexane
extract, the Annexin V-FITC/7-AAD staining method was used,
following the manufacturer’s protocol. HeLa and HCT-116 cells
were cultured in 24-well plates, with 1.5 × 10⁵ cells per well. After
48h of treatment with the algae extract at its IC50 concentration,
the cells were harvested, trypsinized, and washed with PBS. The
cells were then resuspended in 100μL of ice-cold 1× binding

buffer and stained with 10 μL of Annexin V-FITC and 20μL of
7-AAD. Staining occurred in the dark at room temperature for
15min, followed by dilution with 400μL of 1× binding buffer.
Flow cytometry analysis was performed using a Cytomics FC500
flow cytometer (Beckman Coulter, USA), with data processed
using FlowJo V10 software. The results were displayed as dot
plots and stacked bar graphs, showing mean values ± standard
deviation from three independent experiments.

2.8.3.4 Cell cycle analysis
The distribution of the cell cycle in HeLa and HCT-116 cells
was analyzed using propidium iodide (PI) staining. Cells were
seeded at 1.5 × 10⁵ cells per well in 24-well plates and incu-
bated overnight. Afterward, they were treated for 48 h with
algae hexane extract at its IC50 concentration. Post-treatment,
cells were harvested, washed with PBS, and centrifuged at
450×g for 10min. The resulting cell pellet was resuspended in
1mL of 70% ethanol and kept at 4°C overnight. Following
another centrifugation step, the ethanol was discarded, and
the cells were incubated with 1mL of 500 μg/mL RNase A in
PBS at 37°C for 30min. Afterward, 5 μL of 10mg/mL PI was
added to the cells, which were further incubated for 15min in
the dark. The samples were then analyzed using a Cytomics
FC500 flow cytometer (Beckman Coulter, USA), and the data
were processed with FlowJo V10 software.

2.9 Statistical analysis

Each experiment was conducted in triplicate and repeated
three times, and the results are reported as mean values
accompanied by their corresponding standard deviations
(SD). Statistical significance was determined using one-way
ANOVA followed by Tukey’s test, with a significance level
set at p ≤ 0.05. Statistical computations were carried out
using Statistica v13.3 (Dell Software Inc., USA).

3 Results

3.1 Protein and amino acid content

The results in Table 1 show the total protein content (%) of
chlorella and spirulina. Chlorella exhibited a protein content
of 64.63% with a standard deviation of 0.03%. Spirulina, on
the other hand, had a slightly lower protein content of 58.24%
with a standard deviation of 0.96%. According to the statis-
tical analysis, there are significant differences in protein con-
tent between chlorella and spirulina (p ≤ 0.05).
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Table 2 summarizes the content of non-essential amino
acids in chlorella and spirulina sample, expressed as grams
per 16 g of nitrogen (g/16 g N). Chlorella exhibited the fol-
lowing mean values and standard deviations: alanine 4.81
± 0.39 g/16 g N, arginine 3.78 ± 0.19 g/16 g N, aspartic acid
6.66 ± 0.35 g/16 g N, cysteine 0.92 ± 0.12 g/16 g N, glutamic
acid 9.76 ± 0.11 g/16 g N, glycine 2.62 ± 0.05 g/16 g N, proline
2.57 ± 0.09 g/16 g N, serine 3.19 ± 0.11 g/16 g N, and tyrosine
0.53 ± 0.02 g/16 g N. Spirulina demonstrated alanine 7.17 ±

1.15 g/16 g N, arginine 4.90 ± 0.68 g/16 g N, aspartic acid 8.72
± 0.77 g/16 g N, cysteine 0.35 ± 0.01 g/16 g N, glutamic acid
10.92 ± 1.08 g/16 g N, glycine 4.16 ± 0.56 g/16 g N, proline 4.86
± 0.20 g/16 g N, serine 3.89 ± 0.23 g/16 g N, and tyrosine 0.86
± 0.36 g/16 g N.

Based on the data presented, significant differences in
the content of non-essential amino acids were observed
between chlorella and spirulina sample. Spirulina generally
exhibited higher concentrations of non-essential amino acids
compared to chlorella, as indicated by the statistical analysis.
Thesefindings suggest that spirulina generally provides a richer
source of non-essential amino acids compared to chlorella.

Table 3 provides the content of essential amino acids
in chlorella and spirulina sample, expressed in grams per
16 g of nitrogen (g/16 g N). Chlorella displayed mean values
and standard deviations for each amino acid: isoleucine
(2.73 ± 0.19 g/16 g N), leucine (4.94 ± 0.14 g/16 g N), lysine
(2.53 ± 0.02 g/16 g N), methionine (1.10 ± 0.06 g/16 g N),

phenylalanine (2.66 ± 0.03 g/16 gN), threonine (3.96 ± 0.91
g/16 gN), valine (2.92 ± 0.11 g/16 gN), and histidine (1.86 ±

0.27 g/16 gN). Spirulina, in contrast, exhibited the following
mean values and standard deviations: isoleucine (2.76 ± 0.35 g/
16 gN), leucine (7.10 ± 1.16 g/16 gN), lysine (4.16 ± 0.60 g/16 gN),
methionine (0.63±0.08g/16gN), phenylalanine (3.92± 0.61g/16gN),
threonine (4.40 ± 0.16g/16gN), valine (4.36 ± 0.47g/16gN), and
histidine (2.88 ± 0.56g/16gN).

Spirulina generally exhibited higher concentrations of
essential amino acids compared to chlorella, notably for
leucine, lysine, phenylalanine, threonine, valine, and histi-
dine. Conversely, chlorella showed a higher concentration of
methionine compared to spirulina. These findings highlight-
spirulina as a potentially superior source of essential amino
acids. The distinct amino acid profiles between chlorella and
spirulina suggest their suitability for different nutritional
applications based on specific dietary requirements.

3.2 Minerals and trace elements content

Table 4 provides the concentrations of minerals and trace
elements in tested algae expressed in micrograms per gram
(μg/g). In chlorella, Ca was found to be 2,420 ± 190 μg/g, Mg
5,690 ± 450 μg/g, K 2,580 ± 210 μg/g, Na 1,340 ± 110 μg/g, Cu
63.9 ± 5.1 μg/g, Fe 1,070 ± 90 μg/g, Mn 94.5 ± 7.6 μg/g, Zn 64.3 ±
5.1 μg/g, and Pb 107 ± 9 μg/g. Spirulina, on the other hand,
exhibited Ca concentrations of 2,840 ± 230 μg/g, Mg 4,830 ±

390 μg/g, K 14,400 ± 1,200 μg/g, Na 17,600 ± 1,400 μg/g, Cu 54.8 ±
4.4 μg/g, Fe 471 ± 38 μg/g, Mn 57.3 ± 4.6 μg/g, Zn 42.2 ± 3.4 μg/g,
and Pb 95.1 ± 7.6 μg/g.

Spirulina exhibits significantly higher levels of essen-
tial minerals such as Ca, K, Na, Fe, Mn, and Zn compared to
chlorella. Conversely, chlorella contains higher levels of Cu
and Pb compared to spirulina, highlighting distinct differ-
ences in their trace element profiles.

Table 1: Total protein content (%)

Algae Content (%)

Chlorella 64.63 ± 0.03a

Spirulina 58.24 ± 0.96b

Values marked with the same lowercase letter in columns do not differ
significantly p > 0.05.

Table 2: Content of non-essential amino acids expressed in (g/16 g N)

Non-essential amino acid Chlorella Spirulina

Alanine 4.81 ± 0.39b 7.17 ± 1.15a

Arginine 3.78 ± 0.19b 4.90 ± 0.68a

Aspartic acid 6.66 ± 0.35b 8.72 ± 0.77a

Cysteine 0.92 ± 0.12a 0.35 ± 0.01b

Glutamic acid 9.76 ± 0.11a 10.92 ± 1.08a

Glycine 2.62 ± 0.05b 4.16 ± 0.56a

Proline 2.57 ± 0.09b 4.86 ± 0.20a

Serine 3.19 ± 0.11a 3.89 ± 0.23a

Tyrosine 0.53 ± 0.02a 0.86 ± 0.36a

Values marked with the same lowercase letter in rows do not differ
significantly p > 0.05.

Table 3: Content of essential amino acids expressed in (g/16 g N)

Essential amino acid Chlorella Spirulina

Isoleucine 2.73 ± 0.19a 2.76 ± 0.35a

Leucine 4.94 ± 0.14b 7.10 ± 1.16a

Lysine 2.53 ± 0.02a 4.16 ± 0.60a

Methionine 1.10 ± 0.06a 0.63 ± 0.08b

Phenylalanine 2.66 ± 0.03b 3.92 ± 0.61a

Threonine 3.96 ± 0.91a 4.40 ± 0.16a

Valine 2.92 ± 0.11b 4.36 ± 0.47a

Histidine 1.86 ± 0.27b 2.88 ± 0.56a

Values marked with the same lowercase letter in rows do not differ
significantly p > 0.05.
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3.3 Fatty acids composition

Table 5 presents the fatty acid compositions expressed as
percentages of total fatty acids. In chlorella, the dominant
fatty acids include palmitic acid (C 16:0) at 46.49 ± 0.25%,
caprylic acid (C 8:0) at 9.87 ± 0.16%, and arachidic acid (C
20:0) at 20.03 ± 0.03%. Monounsaturated fatty acids (MUFA)
are represented by oleic acid (C 18:1 n9) at 1.66 ± 0.01%,
while the primary PUFA is linoleic acid (C 18:2) at 15.83 ±

0.01%. Lauric acid (C 12:0), myristic acid (C 14:0), and sev-
eral other fatty acids were not detected (ND) in chlorella.

Spirulina exhibits a contrasting fatty acid profile. It con-
tains higher percentages of oleic acid (C 18:1 n9) at 17.42 ±

0.08% and alpha-linolenic acid (C 18:3 n3) at 18.56 ± 0.08%
among MUFA and PUFA, respectively. Palmitic acid (C 16:0)
is the predominant SFA at 16.71 ± 0.05%, and vaccenic acid (C
18:1 n7) contributes 3.84 ± 0.01% to MUFA. Similar to chlor-
ella, some fatty acids are not detected (ND) in spirulina.

The analysis of fatty acid compositions reveals substantial
differences between chlorella and spirulina. Chlorella is char-
acterized by a higher proportion of saturated fatty acids (SFA),
particularly palmitic acid and arachidic acid, which contribute
to its total SFA content of 76.94 ± 0.35%. In contrast, spirulina
shows a richer profile in MUFA, notably oleic acid, and PUFA,
primarily α-linolenic acid, resulting in total MUFA and PUFA
contents of 41.77 ± 0.05% and 34.50 ± 0.04%, respectively. These
findings suggest that spirulina may provide a more favorable
fatty acid composition from a nutritional perspective, particu-
larly due to its higher levels of MUFA and PUFA, which are
associated with potential cardiovascular benefits. Conversely,
chlorella’s higher SFA content may still offer nutritional value.

3.4 Polyphenols profile composition

The analysis reveals notable differences in the polyphenol pro-
files between chlorella and spirulina. Chlorella is characterized

by higher levels of p-hydroxybenzoic acid (7.90 ± 0.10μg/g) com-
pared to spirulina (1.02 ± 0.02μg/g). Spirulina exhibits a higher
concentration of rutin (1.46 ± 0.06μg/g) than chlorella, which
had no detectable amount. Vitexin content is higher in chlorella
(1.64 ± 0.06μg/g) than in spirulina (1.02 ± 0.05μg/g), though both
species contain detectable amounts. The presence of catechin
exclusively in spirulina (0.35 ± 0.05μg/g) further distinguishes
its polyphenol profile from that of chlorella (Table 6).

3.5 Total carotenoids

This comparison indicates that chlorella contains a higher
concentration (0.65 ± 0.02 m/g) of total carotenoids com-
pared to spirulina (0.51 ± 0.01 m/g) (Table 7).

3.6 Vitamin B content

Table 8 presents the content of B vitamins analyzed in chlor-
ella and spirulina, expressed in micrograms per gram (μg/g).

Table 4: Minerals and trace elements contained expressed in (µg/g)

Mineral Chlorella Spirulina

Calcium (Ca) 2,420 ± 190a 2,840 ± 230a

Magnesium (Mg) 5,690 ± 450a 4,830 ± 390b

Potassium (K) 2,580 ± 210b 14,400 ± 1,200a

Sodium (Na) 1,340 ± 110b 17,600 ± 1,400a

Copper (Cu) 63.9 ± 5.1a 54.8 ± 4.4b

Iron (Fe) 1,070 ± 90a 471 ± 38b

Manganese (Mn) 94.5 ± 7.6a 57.3 ± 4.6b

Zinc (Zn) 64.3 ± 5.1a 42.2 ± 3.4b

Lead (Pb) 107. ± 9a 95.1 ± 7.6a

Values marked with the same lowercase letter in rows do not differ
significantly p > 0.05.

Table 5: Fatty acid composition (share in %)

Algae Chlorella Spirulina

C 8:0 9.87 ± 0.16a 1.35 ± 0.14b

C 10:0 ND ND
C 12:0 ND ND
C 14:0 0.23 ± 0.23b 0.81 ± 0.01a

C 14:1 ND ND
C 15:0 ND ND
C 15:1 ND ND
C 16:0 46.49 ± 0.25a 16.71 ± 0.05b

C 16:1 5.56 ± 0.27b 8.28 ± 0.01a

C 17:0 ND ND
C 17:1 ND 12.23 ± 0.12
C 18:0 0.32 ± 0.04b 0.83 ± 0.01a

C 18:1 n9 1.66 ± 0.01b 17.42 ± 0.08a

C 18:1 n7 ND 3.84 ± 0.01
C 18:2 15.83 ± 0.01a 15.95 ± 0.04a

C 18:3 n6 ND ND
C 18:3 n3 ND 18.56 ± 0.08
C 18:4 ND ND
C 20:0 20.03 ± 0.03a 4.02 ± 0.18b

C 20:2 ND ND
C 20:4 ND ND
C 20:5 ND ND
C 22:0 ND ND
C 22:1 n9 ND ND
C 22:6 ND ND
∑SFA* 76.94 ± 0.35a 23.73 ± 0.09b

∑MUFA* 7.23 ± 0.20b 41.77 ± 0.05a

∑PUFA* 15.83 ± 0.55b 34.50 ± 0.04a

*SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA:
polyunsaturated fatty acids. Values marked with the same lowercase
letter in rows do not differ significantly p > 0.05. ND – not detected.
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Chlorella exhibited higher concentrations of niacin (B3) at
91.58 ± 1.25 μg/g and riboflavin (B2) at 2.29 ± 0.14 μg/g. In
contrast, spirulina showed lower levels of niacin (B3) at
17.42 ± 1.00 μg/g and riboflavin (B2) at 0.94 ± 0.10 μg/g. Chlor-
ella contains significantly higher amounts of niacin and
riboflavin compared to spirulina. Spirulina, on the other
hand, has lower concentrations of these B vitamins and
does not contain detectable levels of folic acid.

3.7 Antioxidant activity

3.7.1 DPPH assay

The antioxidant activity of chlorella and spirulina was eval-
uated using the DPPH˙ assay, with Trolox used as the standard
for comparison. The IC50 values, which indicate the concen-
tration required to inhibit 50% of the DPPH˙ radical activity,
were measured for both ethanol and hexane extracts of the
macroalgae samples. The results, presented in Table 9, show
that spirulina exhibits superior antioxidant activity compared
to chlorella.

For the ethanol extracts, the IC50 value of chlorella was
found to be 2.18 ± 0.09 mg/mL, whereas spirulina demon-
strated a significantly lower IC50 value of 1.10 ± 0.12 mg/mL.
This indicates that spirulina requires a lower concentration to
achieve 50% inhibition of the DPPH˙ radicals, reflecting its

higher antioxidant activity. Similarly, for the hexane extracts,
chlorella had an IC50 value of 1.13 ± 0.02mg/mL, while spir-
ulina had an IC50 value of 0.64 ± 0.01mg/mL. Again, spiru-
lina’s lower IC50 value signifies greater antioxidant activity
compared to chlorella.

In terms of TEAC, which provides a measure of the
antioxidant capacity relative to Trolox, the ethanol extract
of chlorella had a TEAC equivalent of 0.001362, while spir-
ulina had a higher TEAC equivalent of 0.002711. This
further confirms spirulina’s superior antioxidant activity
in ethanol extracts. For hexane extracts, the TEAC equiva-
lent for chlorella was 0.002619, compared to 0.004608 for
spirulina. The higher TEAC equivalent for spirulina rein-
forces its stronger antioxidant activity relative to chlorella.

Statistical analysis indicated that values marked with
different uppercase letters in the table are significantly
different (p > 0.05). Therefore, the results suggest that spir-
ulina exhibits consistently higher antioxidant activity than
chlorella in both ethanol and hexane extracts, based on the
DPPH˙ assay.

3.7.2 ABTS+ assay

In the ABTS+ assay, which evaluated the antioxidant poten-
tial of extracts using Trolox as the standard reference com-
pound (with an IC50 value of 2.48 μg/mL), the results are sum-
marized in Table 10. For the ethanol extracts, chlorella
exhibited an IC50 value of 0.40 ± 0.01mg/mL, whereas spiru-
lina displayed a significantly lower IC50 value of 0.05 ±

0.01mg/mL. This result indicates that spirulina has a higher

Table 6: Polyphenols profile composition (μg/g)

Algae Chlorella Spirulina

Kaempferol ND ND
Vitexin 1.64 ± 0.06a 1.02 ± 0.05b

Rutin ND 1.46 ± 0.06
p-Coumaric acid ND ND
Catechin ND 0.35 ± 0.05
Chlorogenic acid ND ND
Gallic acid ND ND
p-Hydroxybenzoic acid 7.90 ± 0.10a 1.02 ± 0.02b

Values marked with the same lowercase letter in rows do not differ
significantly p > 0.05. ND – not detected.

Table 7: Total carotenoid content (TCC)

Sample TCC (m/g)

Chlorella 0.65 ± 0.02a

Spirulina 0.51 ± 0.01b

Values marked with the same lowercase letter in columns do not differ
significantly p > 0.05.

Table 8: Content of B vitamins analyzed expressed in (μg/g)

B vitamin Chlorella Spirulina

Niacin (B3) 91.58 ± 1.25a 17.42 ± 1.00b

Riboflavin (B2) 2.29 ± 0.14a 0.94 ± 0.10b

Values marked with the same lowercase letter in rows do not differ
significantly p > 0.05. ND – not detected.

Table 9: Antioxidant activity by DPPH˙ assay

Sample IC50 (mg/mL) TEAC equivalent

Ethanol
extract

Hexane
extract

Ethanol
extract

Hexane
extract

Chlorella 2.18 ± 0.09a 1.13 ± 0.02a 0.001362a 0.002619a

Spirulina 1.10 ± 0.12b 0.64 ± 0.01b 0.002711b 0.004608b

Values marked with the same lowercase letter in columns do not differ
significantly p > 0.05.
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antioxidant activity compared to chlorella in ethanol extracts,
as it requires a much lower concentration to achieve the
same level of inhibition. In the case of hexane extracts, chlor-
ella had an IC50 value of 0.54 ± 0.03mg/mL, while spirulina
had an IC50 value of 0.15 ± 0.01mg/mL. Similarly, spirulina’s
lower IC50 value demonstrates its superior antioxidant
activity relative to chlorella in hexane extracts as well. The
TEAC equivalents for the ethanol extracts were 0.00615776 for
chlorella and 0.04810631 for spirulina, reflecting that spiru-
lina has a substantially higher antioxidant capacity than
chlorella when using ethanol extracts. For hexane extracts,
chlorella’s TEAC equivalent was 0.00455267, while spirulina
had a TEAC equivalent of 0.01697827. This further supports
the finding that spirulina exhibits higher antioxidant activity
compared to chlorella in hexane extracts.

Statistical analysis revealed that values marked with
different uppercase letters in the table are significantly
different (p > 0.05). Thus, the data indicate that spirulina
consistently demonstrates greater antioxidant activity than
chlorella, as evidenced by its lower IC50 values and higher
TEAC equivalents in both ethanol and hexane extracts,
according to the ABTS+ assay.

3.8 Cytotoxic activity

The initial screening of chlorella and spirulina was per-
formed, testing ethanolic, and hexane extracts at a concen-
tration of 300 μg/mL on three different cell lines: human
non-transformed fibroblasts, cervical cancer cells, and col-
orectal cancer cells. The cytotoxic effects after 48 h of incu-
bation were measured using the MTT assay. Cells were
treated with a single concentration of 300 μg/mL and incu-
bated for 48 h (Figure 1). Ethanolic extracts showed none to
slight cytotoxic effect on all tested cell lines, while favor-
able selective cytotoxic effects appeared after both hexane
algae extract treatment.

Chlorella hexane extract showed slightly higher cyto-
toxic potential compared to spirulina and was selected for
further testing. Cells were treated with varying concentra-
tions of the extract (0.3, 1, 3, 10, 30, 100, and 300 μg/mL) for 24
and 48 h. The results are shown in Figure 2 as concentra-
tion–response curves, alongside cytotoxic effect parameters
according to the National Cancer Institute NCI-60 Screening
Methodology [36] with and without adjustment for the
initial cell count (Table 11). Significant cytotoxicity was
observed across all treated cell lines, with the effect
increasing proportionally to both the concentration of the
extract and the duration of exposure. Values of GI50 and TGI
were lower in transformed cell lines HeLa and HCT 116 than
non-transformed MRC-5. Parameter of 50% lethality was
close to maximal tested concentration for every cell line.

3.9 Cell death assessment

Following 48 h of treatment with chlorella hexane extract
at IC50 concentrations, the type of cell death was assessed
using Annexin V/7-AAD staining. The results presented in
Figure 3 show the distribution of early apoptotic, late apop-
totic, and necrotic cell populations. In both HeLa and HCT-
116 cells, a statistically significant increase in necrotic cells
(p < 0.001) and late apoptotic cells (p < 0.05) was observed
following treatment. The early apoptotic population in
both cell lines was minimal.

3.10 Cell cycle distribution assessment

Flow cytometry analysis with PI stainingwas used to evaluate
the impact of chlorella hexane extract on cell cycle

Table 10: Antioxidant activity by ABTS+ assay

Sample IC50 (mg/mL) TEAC equivalent

Ethanol
extract

Hexane
extract

Ethanol
extract

Hexane
extract

Chlorella 0.40
± 0.01a

0.54
± 0.03a

0.00615776a 0.00455267a

Spirulina 0.05
± 0.01b

0.15
± 0.01b

0.04810631b 0.01697827b

Values marked with the same lowercase letter in columns do not differ
significantly p > 0.05.

Figure 1: Cytotoxicity of ethanolic (E) and hexane (H) extracts of chlorella and
spirulina (300μg/mL) onMRC-5, Hela, and HCT 116 cells after 48 h of incubation.

Nutritional benefits and cellular effects of spirulina and chlorella  9



progression in HeLa and HCT-116 cells after 48 h of treat-
ment at the IC50 concentration (Figure 4). In HeLa, there
was no significant impact on cell cycle distribution, while
the treatment caused disruptions in the cell cycle of HCT 116
cells, with an increased accumulation of cells in the G2/M
phase and a corresponding reduction in the S and G0/G1
phases.

4 Discussion

Chlorella, a genus of unicellular freshwater microalgae, is
known for its straightforward cultivation process, high
productivity, and rich content of proteins and other valu-
able compounds [37]. The nutritional value of chlorella,
similar to other microalgae, is determined by various fac-
tors such as fatty acid, protein, and pigment composition,
which are significantly affected by the light conditions in
which they grow [38]. Proteins are often the most abundant
nutritional compounds found in certain cyanobacteria and
microalgae such as Chlorella sp. [39].

Spirulina, a type of blue-green algae, is widely utilized
globally as a dietary supplement due to its high protein
content (50–60%), antioxidants, essential fatty acids, and
other beneficial nutrients. The amino acid profile of spir-
ulina protein is considered superior to that of soybeans,

making it highly valued in the plant-based nutrition realm
[10]. Chlorella has a high protein content, approximately
(51–58%) on a dry matter basis. This protein content exceeds
the protein content found in soya, which is approximately
33% on a dry matter basis [40,41]. All nine essential amino
acids necessary for humans (isoleucine, leucine, lysine,
methionine, phenylalanine, threonine, tryptophan, valine,
and histidine) are present in chlorella in significant amounts
[41], as confirmed by the analyses in this study.

Spirulina is rich in amino acids, vitamins, and minerals,
serving as a significant source of both micro and macronu-
trients, including proteins, vitamins, gamma-linolenic acid,
phycocyanin, and sulfated polysaccharides [42]. Čabarkapa
et al. [43] tested the nutritional composition of spirulina and
chlorella. In their results, Spirulina spp. showed slightly
higher protein content, which is not consistent with our
results, as chlorella showed 6.39% lower protein content
than spirulina in this study.

In the study by Diraman et al. [44] the fatty acid com-
position of six commercial tablets produced from S. pla-
tensis in Turkey and one from China were analyzed. Spir-
ulina platensis tablets were found to be rich in gamma
linolenic acid, accounting for 4.07–22.51% of the total fatty
acids. Eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) were present in only two samples, with EPA
ranging from 1.79 to 7.70% and DHA from 2.28 to 2.88%.

Figure 2: Concentration–response curves for MRC-5, HeLa, and HCT-116 cells treated with hexane extract of chlorella after 24 and 48 h. The results are
presented as mean ± SD.

Table 11: Parameters of cytotoxicity according to National Cancer Institute NCI-60 Screening methodology

Chlorella hexane extract (μg/mL)

Cell lines IC50 SI GI50 TGI LD50

MRC-5 140.10 ± 4.44 — 101 ± 12.6 233.33 ± 28.65 >300
HeLa 118.01 ± 0.41 1.19 47.23 ± 16.01 128.7 ± 6.92 294.42 ± 4.98
HCT 116 108.22 ± 21.66 1.29 65.32 ± 18.54 158.88 ± 46.24 >300

IC50 – 50% biological activity inhibition, SI – selectivity index, GI50 – 50% growth inhibition, TGI – total growth inhibition, LD50 – 50% lethality.
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Čabarkapa et al. [43] reported that C. vulgaris was
identified as a good source of n3 fatty acids and PUFA along
with a favorable ratio of n6 to n3. In addition, C. vulgaris
contained slightly higher total amino acid and essential
amino acid content compared to Spirulina spp., with leu-
cine, glutamic acid, and aspartic acid being predominant in
both algae. However, in this study, overall, a higher

content of both essential and non-essential amino acids
was recorded in spirulina compared to chlorella. However,
both studies confirmed that leucine, glutamic acid, and
aspartic acid were the dominant amino acids in both algae.

Commercially available chlorella products have a low
fat content in chlorella ranging from 14 to 22% [40]. Chlor-
ella products contain all essential vitamins for humans,

Figure 3: Type of cell death induced by chlorella hexane extract at IC50 concentration after 48 h. (a) Percentage of early (EA), late apoptotic (LA), and
necrotic cells (N) in untreated and treated HeLa and HCT 116 cells. Results are presented as mean ± SD for three independent experiments.
(b) Representative dot plots for HeLa and HCT 116 cells. *p < 0.05, **p < 0.001.

Figure 4: HeLa and HCT-116 cell cycle phases after treatment with chlorella hexane extract at IC50 concentration after 48 h. Results are presented as
mean ± SD from three independent experiments.
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such as B1, B2, B6, B12, niacin, folate, biotin, pantothenic
acid, C, D2, E, K, α-carotene, and β-carotene. They are
notably abundant in vitamins D2 and B12, which are typi-
cally absent in plant-based foods [41]. Additionally, chlor-
ella products have a higher concentration of folate compared
to spinach [45]. Chlorella is rich in essential minerals neces-
sary for human health, such as Fe and K. Fe is vital for func-
tions like respiration, energy production, DNA synthesis, and
cell proliferation [41,46]. The analyzed microalgae exhibited a
substantial content of essential minerals and trace elements
necessary for human nutrition [43], which is also demon-
strated by the results of our analyses. While the study high-
lights differences in key polyphenols, further research is
needed to explore the full spectrum of phenolic compounds
in these microalgae.

In Hynstova’s study [47], through UV-vis spectrophoto-
metric analysis of photosynthetic pigments (chlorophylls
and carotenoids), it was confirmed that C. vulgaris pos-
sesses higher levels of these pigments compared to S. pla-
tensis. β-carotene was identified as the compound with the
fastest mobility in both C. vulgaris and S. platensis using
high-performance thin-layer chromatography. This study
confirms the same findings that the total content of caro-
tenoids was higher in chlorella compared to spirulina.

In recent years, there has been a growing interest in
natural antioxidant substitutes as a replacement for artificial
ones. Microalgae have been noted for their diverse bioactive
properties, including significant antioxidant capabilities [48].
Chatzikonstantinou et al. [49] found that extracts from dif-
ferent strains of chlorella exhibited different antioxidant
activities. They noted that the extract exhibited significant
antioxidant potential attributed to its bioactive compounds
[49]. Ferdous et al. [7] suggest that marine chlorella species
show potential antioxidant and cytotoxic activities, indicating
their possible applications in pharmaceuticals and nutraceu-
ticals. In their study, Čabarkapa et al. [43] found that C. vul-
garis exhibited higher phenolic content and stronger antiox-
idant activity as measured by the DPPH. However, Spirulina
spp. demonstrated superior antioxidant capacity specifically
in the ABTS test. Based on this work, spirulina showed better
antioxidant effects compared to chlorella in both DPPH and
ABTS assays. Hussein et al. [50] evaluated the antioxidant
activity of algae in various solvents, including chlorella.
They recorded the strongest antioxidant activity in the chloro-
form extract of Chlorella sp. (IC50 2.11mg/mL) and N. oculate
(IC50 2.98mg/mL) compared to T. suecica (IC50 1.77mg/mL),
demonstrating strong antioxidant activity. Our presented
results showed even stronger antioxidant activity for both
algae with ethanol used as a solvent, with DPPH test IC50
values ranging from 1.10 ± 0.12 to 2.18 ± 0.09mg/mL and

ABTS test IC50 values ranging from 0.05 ± 0.01 to 0.40 ±

0.01mg/mL.
Algae have gained significant attention in recent years

due to their potential as a source of bioactive compounds
for cancer treatment. Microalgae, in particular, are recognized
for their rich composition of pharmacologically active meta-
bolites, which exhibit pronounced anti-inflammatory, antiox-
idant, and anticancer properties [51]. These secondary meta-
bolites, including polysaccharides, polyphenols, carotenoids,
fatty acids, and peptides contribute to the anticancer potential
of microalgae by modulating various cellular mechanisms
involved in tumor progression, apoptosis, and immune
response (ref). Purified metabolites isolated from numerous
microalgae [52] as well as extracts have shown cytotoxic
effects on HepG2, HeLa, AGS, HCT 116, and MCF-7 cells [53].
Notably, chlorella and spirulina have proven anticancer
potential. Specifically, chlorella extract, rich in lutein, showed
anti-proliferative effect in HCT 116 cells by inducing apoptosis
[54] and isolated C-phycocyanin from spirulina showed
potential apoptotic effect on HepG2 cells [55]. Because of
the known anticancer potential, we investigated the cyto-
toxic effects of aqueous, ethanolic, and hexane extracts of
chlorella and spirulina in MRC-5, HeLa, and HCT 116 cells.
Initial screening at a concentration of 300 μg/mL revealed
that aqueous extracts exhibited minimal to no cytotoxicity
across all cell lines after 48 h of treatment, as measured by
the MTT assay. In contrast, hexane extracts showed selective
and favorable cytotoxic effects, prompting further investiga-
tion of chlorella hexane extract. These findings align with
the work of Hamouda et al. [56] who showed anticancer
properties of chlorella supplemented with thiamine in
HCT 116 and HeLa cell lines. In our experiments, the cyto-
toxic effect was due to the induction of late apoptosis and
necrosis in aforementioned cell lines. Other studies also
confirmed the induction of apoptosis by chlorella on
HepG2 [57] and NSCLC [58] cells. Fucoxanthin and lutein,
carotenoids present in chlorella can affect the cell cycle dis-
tribution of cancer cells [59,60]. Treatment at IC50 concen-
tration showed no significant effect on the cell cycle distri-
bution in HeLa cells, indicating that the cytotoxic effect was
potentially not related to DNA damage. However, in HCT-116
cells, treatment induced an accumulation of cells in the G2/M
phase, accompanied by a decrease in the S and G0/G1 phases,
indicating disruption of cell cycle progression. The selectivity
of the chlorella hexane extract toward HCT-116 cells may be
due to the presence of particular bioactive compounds, such
as carotenoids. Additionally, while in vitro assays indicate
promising bioactivity, future studies should include in vivo
experiments to confirm the health benefits and functional
applications of these microalgae.
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5 Conclusion

In conclusion, this study comprehensively compares C. vul-
garis and A. platensis (spirulina) in terms of their nutri-
tional composition and antioxidant and cytotoxic proper-
ties. The rising incidence of chronic diseases has spurred
interest in functional foods rich in antioxidants and essen-
tial nutrients. Chlorella emerges as a nutritional power-
house with significantly higher protein content (64.63%)
compared to spirulina (58.24%), along with richer concen-
trations of essential amino acids like leucine, lysine, and
phenylalanine. It also excels in essential minerals such as
Ca, K, and Fe, essential for overall health. Furthermore,
both ethanolic and hexane extracts of spirulina exhibit
significant antioxidant activity, as indicated by their lower
IC50 values in DPPH˙ and ABTS+ assays, compared to chlor-
ella. These findings underscore spirulina’s potential as a
superior dietary supplement and functional food ingre-
dient, offering not only essential nutrients but also signifi-
cant antioxidant benefits, while chlorella hexane extract
showed a potential anticancer activity. This nutritional
profile makes spirulina and chlorella particularly valuable
in addressing modern health challenges associated with
oxidative stress and inadequate nutrient intake.
Incorporating these microalgae into diets as functional
foods or supplements could offer significant health bene-
fits, particularly in combating malnutrition and chronic
diseases associated with oxidative stress. Further research
into their bioavailability, safety profiles, and clinical effi-
cacy will be pivotal in harnessing their full potential for
nutritional and therapeutic applications in healthcare.
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