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Abstract
The human body can fight against the adverse effects of chronic exposure to environmental pollutants and stress by consumption
of a diet rich in antioxidants. Although fruits and vegetables are the predominant sources, alternative sources of antioxidants such
as microalgae are also being explored. Here, we investigate the antioxidant capacity, total phenolic, flavonoid, and carotenoid
contents of novel thermo-resistant green microalga Scenedesmus sp. ME02. This strain has previously been shown to have a high
polyunsaturated fatty acid content. Four different solvents were used for extraction and the antioxidant capacity was determined
to be 3.71 ± 0.11 and 47.01 ± 3.14 μmol Trolox eq. g−1 DW in ethanol/water mixture by 2,2-diphenyl-1-picrylhydrazyl (DPPH)
and ferric reducing antioxidant power (FRAP) assays, respectively. Total phenolic, flavonoid, and carotenoid contents in ethanol/
water were measured as 5.40 ± 0.28 mg gallic acid eq. g−1 DW, 1.61 ± 0.76 mg quercetin eq. g−1 DW, 0.61 ± 0.05 mg g−1,
respectively. This is one of the few studies that reports the presence and quantification of total flavonoids in microalgae. The
correlation between the total phenolic content and FRAP assay, but not the DPPH assay, was statistically significant. Finally, 12
different phenolic compounds were analyzed by reverse-phase HPLC and ethyl acetate extract showed substantial amounts of
quercetin (0.84 ± 0.12 mg g−1 DW) and rutin (0.11 ± 0.08 mg g−1 DW). Quercetin amount was also high in the ethanol/water
extract along with gallic acid, 4-hydroxy benzoic acid, and chlorogenic acid. To the best of our knowledge, this is the first study
that reports significant amounts of quercetin and rutin in a microalgal species.
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Introduction

Accumulation of reactive oxygen species (ROS) at high levels
in cells as a result of normal cellular activities as well as
exposure to oxidative stress is attributed to many chronic de-
generative disease and conditions in humans including cardio-
vascular disease, cancer, and aging-related conditions such as

Alzheimer’s disease (Christen 2000; Waris and Ahsan 2006;
Li et al. 2007; Sugamura and Keaney Jr 2011). Several en-
zymes including superoxide dismutase, glutathione peroxi-
dase, and catalase are involved in the cell’s endogenous de-
fense system against free radicals; however, certain conditions
such as cigarette smoking, exposure to environmental pollut-
ants and UV radiation, and unhealthy eating habits may exert
additional stress. In that situation, humans rely on exogenous
sources of antioxidants for additional support. Many studies
have shown that a diet rich in fruits and vegetables can cir-
cumvent the negative effects of oxidative damage (Prior 2003;
Holt et al. 2009). The antioxidants found in high amounts in
certain plant species serve as the natural scavengers of ROS
(Masella et al. 2005; Pandey and Rizvi 2009). Both natural
and synthetic antioxidants are also widely used in the food
industry as additives to prolong the shelf life of food products.
There is an ongoing search for replacement of synthetic anti-
oxidants such as butylated hydroxyanisole (BHA) and butyl-
ated hydroxyltoluene (BHT) with their natural counterparts
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due to concerns about the potential toxic and carcinogenic
effects of the former (Ito et al. 1986; Shebis et al. 2013).

Vitamins (particularly vitamins C and E), carotenoids, and
phenolic compounds are the three major groups of antioxi-
dants (Freile-Pelegrín and Robledo 2013; Landete 2013).
Among these, phenolic compounds or phenols comprise a
broad range of structural characteristics with diverse physio-
logical effects (Balasundram et al. 2006). Anti-carcinogenic
and anti-proliferative activities of phenols on breast, colon,
prostate, and human leukemia tumor cell lines as well as on
animal models of various cancer types have been documented
(Dai and Mumper 2010). Additionally, consumption of die-
tary supplements rich in polyphenols, particularly in early
developmental stages, has been associated with positive cog-
nitive outcomes in patients with Down syndrome and related
disorders (Vacca et al. 2016). Other effects of phenolics that
have been reported up-to-date are antimicrobial, anti-inflam-
matory, and antibiofilm activities (Jagani et al. 2009; Zhang
et al. 2011; Borrás-Linares et al. 2015). The mechanisms of
antioxidant activity include inhibition of enzymes such as glu-
tathione S-transferase, NADH oxidase, and protein kinase C
or chelation of trace metals (e.g., iron or copper) that are in-
volved in ROS production, scavenging free radicals, and up-
regulating the antioxidant defense pathways (Pietta 2000).
The overall structure and certain structural components of
flavonoids, a distinct class of phenolic compounds, have a
significant contribution to the efficiency of the antioxidant
activity. Besides fruits and vegetables, flavonoids can also
be found in many forms in medicinal plants, herbs and spices,
nuts, tea, and cereals (Pietta 2000).

Although a large number of studies have focused on the
antioxidant potential of terrestrial plants (Brewer 2011),
microalgae are emerging as an alternative source of antioxi-
dants. Several studies have reported the phenolic content and
antioxidant activity of microalgae (Li et al. 2007;
Hajimahmoodi et al. 2010; Guedes et al. 2011; Goiris et al.
2012; Machu et al. 2015). The vast diversity of microalgae
with the ability to produce different metabolites, the ease of
cultivation with minimal land requirement, the feasibility of
growth under different conditions including on wastewater
make microalgae attractive candidates in the quest for differ-
ent antioxidant sources. Some species of microalgae, particu-
larly Chlorella and Arthrospira (Spirulina) are commercially
available as natural food supplements and are known as
Bsuper-foods^ due to their rich phytochemical content and
health benefits. Other microalgae (e.g., Nannochloropsis
spp., Tetraselmis spp.) with high polyunsaturated fatty acid
(PUFA) composition are used as fish feed in aquaculture
(Guedes and Malcata 2012; Sørensen et al. 2017).

In this study, we investigated the antioxidant capacity of
novel, thermo-resistant freshwater green microalga,
Scenedesmus sp. ME02 in relation to its total phenolic, flavo-
noid, and carotenoid contents. This strain was previously

isolated and characterized in our laboratory as part of a col-
lection of thermal spring water flora from Central Anatolia
(Onay et al. 2014) and can withstand a wide temperature range
between 10 and 50 °C. It is composed approximately of 56%
proteins and the total lipid content varies between 10 and 20%
depending on different culture conditions and extraction
methods (Onay et al. 2016; Sonmez et al. 2016). The fatty
acid composition is also highly variable and the PUFA content
can be as high as 75% of total fatty acids when grown at 16 °C.
In the present study, we evaluated the total phenolic, total
flavonoid, and total carotenoid contents of Scenedesmus sp.
ME02 using different solvents with varying polarity. We mea-
sured the antioxidant capacity by two different assays, namely
2,2-diphenyl-1-picrylhydrazyl (DPPH) and ferric reducing an-
tioxidant power (FRAP) assays. We determined the correla-
tion between the antioxidant capacity and phenolic, flavonoid,
and carotenoid contents of Scenedesmus sp. ME02. Finally,
we assessed the presence and amounts of 12 different phenolic
compounds in our samples.

Materials and methods

Chemicals and reagents

DPPH, 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ), iron(III) chlo-
ride hexahydrate, Folin and Ciocalteu’s phenol reagent, sodi-
um carbonate, aluminum chloride, trolox, gallic acid, and
quercetin were from Sigma-Aldrich (USA). Sodium hydrox-
ide, sodium acetate, and sodium nitrite were supplied by
AppliChem GmbH (Germany). Solvents including methanol,
ethanol, ethyl acetate, and hexane and the phenolic compound
standards used in RP-HPLCwere fromMerck (Germany). All
chemicals and reagents used in the study were analytical or
HPLC grade.

Culture and growth conditions of Scenedesmus sp.
ME02

Scenedesmus sp. ME02 strain was isolated from thermal
springs of Haymana, Ankara (latitude 39.4° N, longitude
32.48° E) and characterized as previously described (Onay
et al. 2014). Cultures of Scenedesmus sp. ME02 were main-
tained mixotrophically in tris-acetate-phosphate (TAP): BG-
11 (1:1 v/v) growth media either in Petri plates containing
1.5% agar or in flasks with constant shaking at 150 rpm at
25 °C under 16:8 h of light/dark photoperiod with
54 μmol photons m−2 s−1 light intensity. The composition of
TAP/BG-11 (1:1 v/v) growth medium was previously de-
scribed in Sonmez et al. (2016). Scenedesmus sp. ME02 at
2–3 × 105 cells mL−1 was inoculated in 1 L TAP/BG-11 (1:1
v/v) medium in 2-L Erlenmeyer flasks and grown until cells
reached late logarithmic growth phase and harvested at 7 days
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after cultivation. This time point marked the highest biomass
concentration obtained. Final biomass concentration wasmea-
sured as 0.4 ± 0.02 g L−1 at the harvest time. The growth
characteristics of this strain in TAP/BG-11 (1:1 v/v) growth
medium were previously reported in Sonmez et al. (2016).

Preparation of microalgal extracts

Cells were grown as described above and harvested by centri-
fugation at 3600×g for 20 min at 4 °C. The pellet was frozen
at − 80 °C overnight and freeze-dried. Four different solvents,
ethanol/water mixture (3:1 v/v), ethyl acetate, hexane, and
water were used for extraction. Then, 0.2 g freeze-dried
microalgal biomass was suspended in 5-mL solvent in sepa-
rate tubes and mixed vigorously. Tubes were sonicated in an
ultrasonic water bath for 20 min and stirred on an orbital
shaker for 1 h at room temperature. The extracts were centri-
fuged at 3800×g for 10min and the supernatant was collected.
The pellet was resuspended in the same solvent and extracted
one more time following the same procedure. Both extracts
were combined and filtered through a 0.45-μm pore size sy-
ringe filter. Extracts (10 mL) were dried using a rotary evap-
orator (Hei-VAP Precision, Germany) until the solvents were
completely removed. The dried residues were resuspended in
methanol to a concentration of 10 mg mL−1 and stored at −
20 °C for further analysis. All experiments were done using
three biological replicates.

Determination of total phenolic content

Total phenolic content (TPC) of the microalgal biomass ex-
tracted in the above-mentioned solvents were determined by
the Folin and Ciocalteu method (Singleton and Rossi 1965).
Briefly, 100 μL of each sample was mixed with 400 μL of
10% Folin–Ciocalteu reagent and allowed to stand at room
temperature for 5 min; then, 500 μL of 7.5% (w/v) sodium
carbonate solution was added to the mixture. After incubating
for 1.5 h in the dark at room temperature, the absorbance of
each sample was measured at 760 nm. A standard curve pre-
pared with serial gallic acid solutions ranging from 10 to
400 mg L−1 was used for calibration. The analyses were per-
formed in triplicate, and TPC was expressed as milligram
gallic acid equivalents per gram dry weight of sample
(mg GAE g−1 DW).

Determination of total flavonoid content

Total flavonoid content (TFC) of the extracts were determined
using the aluminum chloride colorimetric method (Zhishen
et al. 1999). Briefly, 1 mL of extract was mixed with 4 mL
of distilled water, and 0.3 mL of 5% (w/v) NaNO2 was added.
After 5 min, 0.3 mL of 10% (w/v) AlCl3 was added and the
mixture was incubated for 6 min. Then, 2 mL of 1 M NaOH

was added and the total volume was adjusted to 10 mL by
adding 2.4 mL of distilled water. The mixture was vortexed
briefly, and the absorbance was measured at 510 nm. A stan-
dard curve was also prepared using serial quercetin solutions
ranging from 10 to 400 mg L−1 and the results were expressed
as milligram quercetin equivalents per gram dry weight of
sample (mg QE g−1 DW).

Determination of total carotenoid content

Carotenoid content of the extracts was calculated by the spec-
trophotometric method (Lichtenthaler and Buschmann 2001).
Absorbance values of the extracts in pure methanol were re-
corded at 470, 652, and 665 nm and carotenoid contents were
calculated according to the Lichtenthaler equations.

ca μg mL−1� � ¼ 16:72A665–9:16A652

cb μg mL−1� � ¼ 34:09A652–15:28A665

c xþcð Þ μg mL−1� � ¼ 1000A470–1:63ca–104:96cbð Þ=221

where ca and cb are concentrations of chlorophyll a and b,
respectively, and c(x+c) is the concentration of total caroten-
oids. The results were expressed as milligrams carotenoid per
gram dry weight of sample.

DPPH radical scavenging assay

DPPH assay was performed according to the method de-
scribed by Cheng et al. (2006). A 100-μL aliquot of extracts
at concentrations ranging from 50 to 2000 μg mL−1 in meth-
anol was mixed with 100 μL of 0.2 mM DPPH solution (pre-
pared with methanol) in a 96-well microplate and incubated
for 30 min in the dark at room temperature. The absorbance of
each sample was recorded at 515 nm using a microplate reader
(Synergy H1, Biotek, USA). The percentage of scavenged
DPPH radical was calculated according to the following equa-
tion:

DPPH scavenging activity %ð Þ ¼ 1− As−Ascð Þ=Ac½ � � 100

where As is the absorbance of the sample,Asc is the absorbance
of the sample control (100 μL of sample with 100 μL of
methanol), and Ac is the absorbance of the control (100 μL
of DPPH solution with 100 μL of methanol). Results were
expressed as micromoles Trolox equivalents per gram dry
weight of sample (μmol TE g−1 DW) and (%) DPPH radical
scavenging effect of the extract at 1 mg mL−1 concentration.

Ferric reducing antioxidant power assay

The antioxidant capacity of the extracts was also evaluated by
FRAP assay through monitoring the reduction of Fe3+-TPTZ
to blue-colored Fe2+-TPTZ (Firuzi et al. 2005). The working
FRAP solution was prepared by mixing 10 volumes of
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300 mM acetate buffer (pH 3.6), 1 volume of 10 mM TPTZ
(dissolved in 40 mM HCl), and 1 volume of 20 mM ferric
chloride hexahydrate. A 25-μL aliquot of extracts at different
concentrations in the range of 50 to 2000 μg mL−1 was mixed
with 175 μL of freshly prepared and pre-warmed FRAP solu-
tion in a microplate. The absorbance of each sample was re-
corded at 593 nm using a microplate reader (Synergy H1,
Biotek, USA) after incubation for 30 min in the dark. FRAP
values were expressed as micromoles Trolox equivalents per
gram dry weight of sample (μmol TE g−1 DW).

Reverse-phase high performance liquid
chromatography analysis

Phenolic compounds were identified by reverse phase HPLC as
described in Farvin and Jacobsen (2013). The extract at a con-
centration of 1000 ppm was passed through a 0.45 μm
polytetrafluoroethylene filter prior to injection. Reverse phase
HPLC was performed with Waters Alliance 2695 series HPLC
(Waters Corporation, USA), equippedwithWaters 2489UV–Vis
detector. The column used was an ACE 5 C18 analytical column
(250 × 4.6 mm) (Advanced Chromatography Technologies Ltd.,
Scotland) with 5-μm packing material. Elution was performed
with a gradient pump mode (mobile phase A: 2% acetic acid,
mobile phase B: acetonitrile and 0.5% acetic acid (1:1 v/v), and
mobile phase C: acetonitrile) at a flow of 1.2 mL min−1.
Detection was done using a UV–Vis detector with reference
wavelength of 280 nm. Retention times and peak areas were
monitored and computed automatically by Empower 3 software
(Waters Corporation). Individual phenolic compounds were
identified by the retention time of sample chromatographic peaks
being compared with those of authentic standards using the same
HPLC operating conditions.

Statistical analysis

All analyses were performed in triplicate and results are
expressed as mean ± standard error (SE). The mean values of
data were analyzed by analysis of variance (ANOVA) follow-
ed by Tukey’s post hoc comparison test to test for differences
between data. Statistical significance was determined at the
5% level (p < 0.05). Correlations among different assays were
calculated using Pearson’s correlation coefficient (r). The sta-
tistical analysis was carried out by R version 3.4.2 (R Core
Team 2013).

Results

Extraction yield

In this study, four different solvents; ethanol/water mixture
(3:1 v/v), ethyl acetate, hexane, and water were used for

extraction of antioxidants from Scenedesmus sp. ME02. The
highest extraction yield of 23.98 ± 2.47% was obtained with
ethanol/water used to extract both polar and nonpolar com-
pounds followed by 15.32 ± 0.18% and 8.47 ± 0.55% extrac-
tion yields for water and hexane, respectively. The lowest
extraction yield of 5.42 ± 1.06% was obtained for ethyl ace-
tate, which has medium polarity.

Antioxidant capacity of Scenedesmus sp. ME02

The antioxidant capacity of Scenedesmus sp. ME02 extracts
was measured by two different assays, namely; the DPPH and
FRAP assays. The results of the antioxidant capacity of
Scenedesmus sp. ME02 are given in Table 1 as % DPPH
radical scavenging activity as well as micromoles TE per gram
DW of microalgae. According to the data obtained by the
DPPH and FRAP assays, the highest antioxidant capacity of
the cell extracts was measured in ethanol/water mixture as
3.71 ± 0.11 and 47.01 ± 3.14 μmol TE g−1 DW, respectively.
The extracts in other solvents displayed lower antioxidant
capacity. The difference between ethanol/water > ethyl acetate
> hexane and water were statistically significant (p < 0.001);
whereas the difference between hexane and water was not
(p > 0.05) in both DPPH and FRAP assays. The coefficient
of determination (R2) between the DPPH and FRAP assays
was calculated as 0.96 and was highly significant (p < 0.001)
for all solvents used (Fig. 1).

Total phenolic content of the extracts

The highest total phenolic content (TPC) of 5.40 ±
0.28 mg GAE g−1 DWwas recorded in ethanol/water, follow-
ed by 3.73 ± 0.65 mg GAE g−1 DW in ethyl acetate, 1.97 ±
0.03 mg GAE g−1 DW in water, and 1.13 ± 0.11 mg GAE g−1

DW in hexane (Table 2).

Total flavonoid content of the extracts

We determined the total flavonoid content of Scenedesmus sp.
ME02 as 1.61 ± 0.76 and 0.93 ± 0.30 mg QE g−1 DW in
ethanol/water and ethyl acetate, respectively (Table 2).
Hexane and water extracts did not contain any detectable
levels of flavonoids.

Total carotenoid content of Scenedesmus sp. ME02
extracts

We measured the total carotenoid content of Scenedesmus sp.
ME02 extracts as 0.61 ± 0.05, 0.80 ± 0.32, and 0.15 ±
0.02 mg g−1 DW for ethanol/water, ethyl acetate, and hexane
extracts, respectively. No carotenoids were detected in the
water extract (Table 2). Although the highest carotenoid
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content was obtained in ethyl acetate, the difference was not
statistically significant among the three solvents.

Correlation of antioxidant potential with phenolic,
flavonoid, and carotenoid content

We assessed the coefficients of determination (R2) between
the antioxidant potential and the total phenolic, flavonoid,
and carotenoid contents of Scenedesmus sp. ME02 extracted
in different solvents (Table 3). The coefficient of determina-
tion between the FRAP assay and total phenolics extracted in
ethanol/water was significant (p < 0.05). This was the only
statistically significant correlation determined based on our
data. Although the coefficients of determination between total
phenolic content in ethyl acetate and both DPPH (R2 = 0.99)
and FRAP (R2 = 0.97) assays were high, results were not sta-
tistically significant (p > 0.05).

RP-HPLC analysis of selected phenolic compounds

In this study, the amounts of 12 different phenolic compounds,
namely, benzoic acid derivatives gallic acid, benzoic acid, 4-
hydroxy benzoic acid, vanillic acid, and syringic acid;
cinnamic acid derivatives cinnamic acid, coumaric acid,
caffeic acid, chlorogenic acid, and rosmarinic acid; and flavo-
nols quercetin and rutin extracted in ethanol/water (3:1 v/v)
mixture and ethyl acetate were analyzed by RP-HPLC
(Table 4).

The flavonol quercetin comprised the highest amount of
phenolic compound among the 12 analyzed in the ethyl ace-
tate extract (844.5 ± 125.0 μg g−1 DW). Quercetin concentra-
tion in ethanol/water extract was also high (551.9 ±
90.9 μg g−1 DW). Gallic acid concentration was measured
as 653.6 ± 54.3 μg g−1 DW in ethanol/water extract and de-
tected to be much lower in the ethyl acetate extract (2.3 ±
0.1 μg g−1 DW). Other phenolics such as 4-hydroxy benzoic
acid, vanillic acid, caffeic acid, and chlorogenic acid were also
noticeably higher in the ethanol/water mixture compared to
the ethyl acetate extracts (Table 4). On the other hand,
rosmarinic acid and rutin concentrations were measured as
35.5 ± 2.5 and 105.8 ± 8.6 μg g−1 DW, respectively, in the
ethyl acetate extract and not detected in ethanol/water mixture.

Discussion

The solubility of antioxidants, which depends mainly on the
polarity of the solvent used is a major determinant in accurate
assessment of antioxidant capacity. In this study, we used four
different solvents with varying polarities; namely, ethanol/
water mixture (3:1 v/v), ethyl acetate, hexane and water for
extraction. Our results are consistent with previous studies that
suggest that the choice of solvent significantly effects the yield
of extractable substances (Wang et al. 2009; López et al. 2011;
Jerez-Martel et al. 2017) and the measured antioxidant capac-
ity (Goiris et al. 2012; Machu et al. 2015).

In order to estimate the antioxidant capacity of our extracts
accurately, we used two different methods: the DPPH and
FRAP assays. Both assays were successfully employed to

Fig. 1 Relationship between DPPH and FRAP assays. Results of both
assays were expressed as micromoles of Trolox equivalent per gram DW.
The dashed line represents the regression line. Filled circles, filled
triangles, empty circles, and empty triangles symbolize ethanol/water,
ethyl acetate, hexane and water extracts, respectively

Table 1 Antioxidant capacity of
Scenedesmus sp. ME02 in
different solvent extracts
determined by DPPH and FRAP
assays

Solvent (%) DPPH radical scavenging
effecta

DPPH FRAP
(μmol TE g−1 DW) (μmol TE g−1 DW)

Ethanol/water (3:1 v/v) 25.65 ± 2.58 3.71 ± 0.11 47.01 ± 3.14

Ethyl acetate 52.02 ± 2.61 1.80 ± 0.25 14.49 ± 1.14

Hexane 12.99 ± 1.30 0.60 ± 0.08 2.85 ± 0.76

Water 8.40 ± 0.40 0.61 ± 0.03 4.30 ± 0.18

Results are mean ± standard error of three measurements (n = 3)
a Radical scavenging effects of algal extracts at 1 mg mL−1 concentration
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measure the antioxidant activities of many fruits as well as
macro and microalgae (Prior et al. 2005). In principle,
DPPH assay measures the reducing capacity of tested antiox-
idants toward the DPPH· radical either by direct reduction via
electron transfer or by radical quenching via H atom transfer
(HAT). FRAP assay, on the other hand, detects the ability of
antioxidants to transfer an electron to reduce Fe(III) to Fe(II),
which is known as the single electron transfer (SET) mecha-
nism but may be limited by the reactivity of the antioxidants
exhibited at different time points (Prior et al. 2005). To assess
the reactivity of a broad range of antioxidants including
caffeic acid, ascorbic acid, and quercetin in the extracts, the
measurements of the FRAP assay were followed by a 30-min
dark incubation in this study. The difference between ethanol/
water > ethyl acetate > hexane and water were statistically
significant (p < 0.001); whereas the difference between hex-
ane and water was not (p > 0.05) in both DPPH and FRAP
assays. In a previous study, Goiris et al. (2012) determined the
antioxidant potential of 32 microalgal biomass samples by
FRAP and reported a wide range of results from 3.5 to
89.7 μmol Trolox g−1 DWof microalgae. One of the samples
iden t i f i ed a s Scenedesmus ob l iquus con t a ined
19.7 μmol Trolox g−1 DW, which is twofold less than the
amount measured for Scenedesmus sp. ME02 (47.01 ±
3.14 μmol Trolox g−1 DW).

Phenolics are considered to be the major contributors of
antioxidant activity in plants (Dai and Mumper 2010) al-
though there are conflicting results on the correlation of anti-
oxidant activity and TPC of microalgal samples (Li et al.

2007; Goiris et al. 2012; Shetty and Sibi 2015). Phenolic con-
tent of the extracts depends highly on the type of solvent used.
Here, we compare TPC in milligrams GAE per gram DW of
Scenedesmus sp. ME02 extracted separately in solvents with
different polarity. The TPC of samples was measured in de-
creasing order as ethanol/water > ethyl acetate > water > hex-
ane. The presence of phenolics in higher amounts as extracted
by the polar solvents compared to the nonpolar hexane is
consistent with previous data (Hajimahmoodi et al. 2010;
Goiris et al. 2012) and can be explained by the largely polar
nature of the phenolic compounds in microalgae.
Scenedesmus sp. ME02 exhibits a relatively high TPC among
previously studied microalgae. Goiris et al. (2012) screened
different microalgal biomass samples for their total phenolic
content using the same solvents as the present study. Similar to
our study, the highest TPC was found to be in ethanol/water
with a range of 0.5 to 4.6 mg GAE g−1 DW. Three out of 32
microalgae with TPC of 3 mg GAE g−1 DW or higher in
ethanol/water were considered to have a relatively high phe-
nolic content. A S. obliquus strain that was among the
microalgae studied contained 1.94 mg GAE g−1 DW. Yet, in
another study by Custódio et al. (2014), TPC of a different
Scenedesmus sp. was determined to be 0.05 mg GAE g−1 DW
in hexane compared to 1.13mg GAE g−1 DW in Scenedesmus
sp. ME02. It is important to note that many factors including
growth medium, pH, temperature, light intensity, and harvest
time, in addition to the natural variability and the extraction
procedure effect the phenolic content and antioxidant capaci-
ties of microalgae (Guedes et al. 2011; Shetty and Sibi 2015;

Table 2 Total phenolic, flavonoid
and carotenoid contents of
Scenedesmus sp. ME02 extracts

Solvent Total phenolic content Total flavonoid content Carotenoid content
(mg GAE g−1 DW) (mg QE g−1 DW) (mg g−1 DW)

Ethanol/water (3:1 v/v) 5.40 ± 0.28 1.61 ± 0.76 0.61 ± 0.05

Ethyl acetate 3.73 ± 0.65 0.93 ± 0.30 0.80 ± 0.32

Hexane 1.13 ± 0.11 ND 0.15 ± 0.02

Water 1.97 ± 0.03 ND ND

Results are mean ± standard error of three measurements (n = 3)

ND not detected

Table 3 The coefficient of
determination values for relation
between total phenolic content,
total flavonoid content, and
carotenoid content and
antioxidant capacity

Solvent DPPH FRAP

Total phenolic content Ethanol/water R2 = 0.02; p = 0.91 R2 = 0.99; p = 0.02

Ethyl acetate R2 = 0.99; p = 0.05 R2 = 0.97; p = 0.11

Hexane R2 = 0.14; p = 0.76 R2 = 0.02; p = 0.97

Water R2 = 0.90; p = 0.20 R2 = 0.01; p = 0.96

Total flavonoid content Ethanol/water R2 = 0.98; p e = 0.07 R2 = 0.08; p = 0.82

Ethyl acetate R2 = 0.25; p = 0.66 R2 = 0.17; p = 0.73

Total carotenoid content Ethanol/water R2 = 0.52; p = 0.48 R2 = 0.31; p = 0.62

Ethyl acetate R2 = 0.97; p = 0.11 R2 = 0.93; p = 0.17

Hexane R2 = 0.91; p = 0.19 R2 = 0.55; p = 0.47
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Aremu et al. 2016). For instance, Guedes et al. (2011) reported
that the antioxidant compounds studied in S. obliquus strain
M2-1 highly varied under different temperature and pH.
Different growth conditions (autotrophic, heterotrophic, and
mixotrophic) also significantly influenced the antioxidant ca-
pacity and phenolic content of Chlorella vulgaris and
S. obliquus strains isolated from waste water in Bengaluru,
India (Shetty and Sibi 2015). TPC of S. obliquus strain ranged
from 0.11 to 0.55 mg GAE g−1 DW, under autotrophic and
mixotrophic growth, respectively. In the present study, the
lowest recorded TPC (in hexane extracts) of the mixotrophic
Scenedesmus sp. ME02 biomass was 1.13 mg GAE g−1 DW.
Aremu et al. (2016) reported that the harvest time, nitrogen
levels, and choice of microalgae had a significant impact on
the phenolic content. A single time point was selected for
harvesting in the present study, to maximize the microalgal
biomass for subsequent analysis; however, different harvest
times may as well affect the antioxidant capacity and total
phenolic content of Scenedesmus sp. ME02 and can be
assessed in future studies.

Although the significance of flavonoids in terms of their
antioxidant potential is well-recognized in plants, reports on
the presence of flavonoids in microalgae are scarce (Panche
et al. 2016). Recently, Goiris et al. (2014) determined the
presence of distinct classes of flavonoids in different evolu-
tionary lineages of microalgae including Chlorophyta using
ultra-high performance liquid chromatography-two-
dimensional mass spectrometry (UHPLC-MS/MS) analysis.

Safafar et al. (2015) reported the total flavonoid content of
methanolic extracts of seven different microalgae strains to
be in the range of 0.84 ± 0.12 to 4.03 ± 1.10 mg QE g−1 DW
as compared to 1.61 ± 0.76 and 0.93 ± 0.30 mg QE g−1 DW in
ethanol/water and ethyl acetate, respectively, in the current
study. Our report contributes to the limited number of studies
in literature on the presence and quantification of flavonoids in
microalgae.

Total carotenoid content of Scenedesmus sp. ME02 is sim-
ilar to that of S. obliquus (0.44 mg g−1 DW in ethanol/water)
studied previously by Goiris et al. (2012) and is in the lower
range in comparison to other microalgae.

Different factors may collectively contribute to the antiox-
idant capacity of plants or microalgae. According to our data,
the coefficient of determination between the FRAP assay and
total phenolics extracted in ethanol/water was significant
(p < 0.05). This was the only statistically significant correla-
tion determined based on our data. Both FRAP assay and
Folin-Ciocalteu method for determination of total phenolics
rely on the same principle of metal reduction; whereas DPPH
assay relies on the radical scavenging activity for assessment
of antioxidant capacity. This principal difference may explain
why total phenolics in ethanol/water are a significant contrib-
utor to antioxidant potential as determined by FRAP but not
the DPPH assay (Hajimahmoodi et al. 2010). Li et al. (2007)
found that the correlation between phenolic content and
antioxidant capacity of 23 microalgae was not significant. In
another study, Goiris et al. (2012) determined that phenolic
content significantly correlated with Trolox equivalent antiox-
idant capacity (TEAC) and FRAP assays for 32 microalgal
biomass samples studied. Carotenoid content also was
assessed as a significant contributor to antioxidant capacity.
In the present study, the coefficient of determination between
carotenoid content and both DPPH and FRAP assays were
high (R2 = 0.97 and R2 = 0.93, respectively) but the results
were not statistically significant (p > 0.05). Shetty and Sibi
(2015) reported that the coefficient of determination between
phenolic content and DPPH assay of a Scenedesmus strain
was statistically significant. Taken together, there is no
established evidence on the general relation between total
phenolic, flavonoid, and carotenoid content of microalgae
and their antioxidant capacity in literature. Other factors such
as the fatty acid composition (high levels of PUFA) may con-
tribute to the antioxidant capacity of Scenedesmus sp. ME02
(Custódio et al. 2014; Aremu et al. 2016; Sonmez et al. 2016).

There are few studies on detection of phenolics in
microalgae by HPLC to compare our results and to the best
of our knowledge, this is the first study to report the amounts
of selected phenolic compounds in a Scenedesmus strain. In a
previous study by Onofrejová et al. (2010), the freshwater
green microalga Spongiochloris spongiosa contained lower
amounts of phenolic compounds, namely, chlorogenic acid,
caffeic acid, coumaric acid, and cinnamic acid compared to

Table 4 The phenolic compounds extracted in ethanol/water (3:1 v/v)
and ethyl acetate identified by RP-HPLC analysis

Phenolic compound Amounta (μg g−1 dry weight)

in ethanol/water in ethyl acetate

Benzoic acid derivatives

Gallic acid 653.6 ± 54.3 2.3 ± 0.1

Benzoic acid ND 14.7 ± 3.6

4-hydroxy benzoic acid 441.9 ± 30.0 10.3 ± 3.3

Vanillic acid 83.2 ± 7.3 ND

Syringic acid ND 4.5 ± 2.2

Cinnamic acid derivatives

Cinnamic acid ND 4.0 ± 0.7

Coumaric acid ND 4.9 ± 0.9

Caffeic acid 67.6 ± 24.7 1.4 ± 0.3

Chlorogenic acid 352.0 ± 45.0 7.2 ± 0.2

Rosmarinic acid ND 35.5 ± 2.5

Flavonols

Quercetin 551.9 ± 90.9 844.5 ± 125.0

Rutin ND 105.8 ± 8.6

a Results are mean ± standard deviation of two measurements

ND not detected
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Scenedesmus sp. ME02 analyzed in current study. Yet, in
another study by Machu et al. (2015) Chlorella pyrenoidosa
was shown to contain 5 μg g−1 DW gallic acid and
20 μg g−1 DW 4-hydroxy benzoic acid. Gallic acid
(653.6 μg g−1 DW) and 4-hydroxy benzoic acid
(441.9 μg g−1 DW) amounts were much higher in the
ethanol/water extracts of our sample. Quercetin, rutin, and
rosmarinic acid were not among the phenolics tested in either
study.

Compared to microalgae, macroalgae (i.e., seaweeds) have
gained considerable attention in terms of their antioxidant po-
tential and phenolic compounds. In a study by López et al.
(2011), gallic acid was found to be the predominant polyphe-
nol in brown alga Stypocaulon scoparium, and its amount
highly varied in different solvent extracts; whereas quercetin
and rutin were significantly lower than the amounts in the
present study.

Quercetin is a flavonoid found in high amounts in vegeta-
bles and fruit such as caper, onion, cranberry, and apples. It
has a wide range of health benefits including anti-obesity, anti-
carcinogenic, anti-inflammatory, and antibacterial effects
(Wang et al. 2016). Quercetin content of Scenedesmus sp.
ME02 (~ 80 mg 100 g−1 DW in ethyl acetate extracts) is com-
parable to the quercetin levels in a selected list of vegetables,
fruit and beverages (www.ImmuneHealthScience.com;
USDA Database for the Flavonoid Content of Selected
Foods, Release 2.1 (2007)).

Rutin, on the other hand, is a quercetin derivative and is
found abundantly in cherry and spinach (Wang et al. 2016) but
has been previously reported in one study with diatom
Phaeodactylum tricornutum (Rico et al. 2013). Although dif-
ferent quantification methods were used, our data indicate that
quercetin and rutin predominantly account for the total flavo-
noid content in our samples. To the best of our knowledge, this
is the first study that establishes the presence of flavonoids,
rutin and quercetin in high amounts in a green microalgal
species.

Conclusion

The presence of vast diversity of natural compounds, ease of
cultivation, and minimum requirement for land are some char-
acteristics of microalgae that may supersede plants for indus-
trial use. In this study, we investigated the potential of a green
thermo-tolerant microalga, Scenedesmus sp. ME02 for use as
a functional food by determining its antioxidant capacity and
the presence of different phenolic compounds. The differences
in methodology, solvents used, and cultivation conditions hin-
der direct comparison of our results with previous studies.
Nonetheless, overall, Scenedesmus sp. ME02 stands out
among other microalgae with its high total phenolic content
(TPC). The statistical analysis revealed that the TPC

contributed significantly to the antioxidant capacity of
Scenedesmus sp. ME02 as measured by the FRAP assay.
Scenedesmus sp. ME02 also showed high amounts of various
phenolic compounds including gallic acid, 4-hydroxy benzoic
acid, chlorogenic acid, caffeic acid, vanillic acid, and querce-
tin and rutin. The measurement of total flavonoid content as
well as high quercetin and rutin amounts are significant con-
tributions of this study to the present literature on antioxidant
activities of microalgae.
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