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Abstract. This study was conducted to determine antioxidant properties and phytochemicals of brown algae Scytosiphon lomentaria (Lyngbye) Link,
Cystoseira barbata (Stackhouse) C. Agardh, and Padina pavonica (Linnaeus) Thivy, collected from the Dardanelles (Çanakkale) Strait, Turkey, in February
2018. The antioxidant activity, total carotenoids, condensed tannins, and total content of phenolics and flavonoids in ethanol extracts were quantified. P.
pavonica showed the highest antioxidant potential as well as the maximum content of phenolics and carotenoids. The total flavonoid contents changed from
1375.43±2.37 µg/g Ext. (C. barbata) to 2250.92±46.60 µg/g Ext. (S. lomentaria). The highest condensed tannins were found in C. barbata. According to
results obtained, C. barbata, S. lomentaria and P. pavonica possess antioxidant activity and could be used in the food and feed industries.
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Introduction
Macroalgae are healthy sources of food due to their low lipid
content, high mineral, polyunsaturated fatty acid, and vitamin
concentration, and their amount of bioactive molecules such as
phenolic acid and flavonoid compounds (Dykens et al., 1992;
Matsukawa et al., 1997; Cornish and Garbary, 2010; Farasat et al.,
2014). They have also been used in the phycocolloid industry (Zubia
et al., 2009). Over the last few years, with the development of
innovative projects for the agriculture, food, and pharmaceutical
industries, studies have focused on macroalgae extracts and
fractions to isolate different types of antioxidants and antimicrobial
and anti-inflammatory substances (Matsukawa et al., 1997; Smit,
2004; Kuda et al., 2005; Lekameera et al., 2008; Lou et al., 2010;
Plaza et al., 2010; Kelman et al., 2012). Among these compounds,
studies focus on antioxidants because they may protect against
dangerous diseases (e.g., cancer, cardiovascular disorders, and
neurodegenerative diseases) (Matanjun et al., 2008; Collins et al.,
2016).
The potential antioxidant compounds in macroalgae are
identified as polyphenols (phenols, flavonoids, tannins) and
pigments (i.e., fucoxanthin carotenoid, chlorophyll) (Wang et al.,
2009; Zubia et al., 2009; Luo et al., 2010). Polyphenols can behave
as reactive oxygen species (ROS), scavengers, metal chelators,
enzyme modulators, and can prevent lipid peroxidation (Rodrigo
and Bosco, 2006). Pigments, such as carotenoids, have similar
properties and they retard or alleviate the extent of oxidative
deterioration (Akoh and Min, 1997).
Despite the diversity in quantity and quality of the Turkish coast
marine flora, antioxidant and phytochemical properties of Turkish
marine algae have not been fully determined, and studies on these
properties are limited (Yıldız et al., 2014; Caf et al., 2015; Turan et
al., 2015; Celenk and Sukatar, 2016). Therefore, the aim of the
* e-mail: ilknurak@comu.edu.tr
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present work was to investigate antioxidant properties and
phytochemical compounds of three brown algae (Scytosiphon
lomentaria (Lyngbye) Link, Cystoseira barbata (Stachouse) C.
Agardh and Padina pavonica (Linnaeus) Thivy) from Dardanelles
(Çanakkale) Strait, Turkey, for future applications in medicine,
functional foods, and agriculture.

Material and methods
Algae samples collecting
Three brown macro algae species (Scytosiphon lomentaria
/Lyngbye/ Link, Cystoseira barbata /Stachouse/ C. Agardh and
Padina pavonica /Linnaeus/ Thivy) were collected qualitatively by
hand from intertidal at three locations from the Dardanelles
(Çanakkale) Strait (40°6'43¨N, 26°24'15¨E). Dardanos, Kepez and
Güzelyalı areas (Çanakkale/Turkey) were chosen as sampling
areas where the three macro algae species are distributed
intensively. The seaweeds materials were identified according to
Guiry and Guiry (2018). The macro algae samples were cleaned
from their epiphytes, dried at 30°C and milled into powder before
extraction.
Chemical reagents
All chemicals were purchased from Sigma-Aldrich (USA), SPA
(Milan, Italy), Merck (Germany), and Fluka Chemie (Switzerland).
Antioxidant assay for DPPH radical-scavenging activity
The DPPH radical-scavenging sample activity was monitored
according to Brand-Williams et al. (1995). Each sample was diluted
in methanol (1mg/mL), and DPPH solution was added to the diluted
sample. The mixture was thoroughly combined and then left for
30min for the reaction to occur. Its absorbance was read at 517nm

(via Thermo Aquamate). The ability to scavenge DPPH radicals was
calculated using the following equation:
DPPH scavenging (%) = [(Acontrol – Asample)/Acontrol] × 100,
Where:
Asample is the absorbance of the sample after the time necessary
to reach the plateau (30 min);
Acontrol is the absorbance of DPPH.
Extract concentrations providing IC50 inhibition values were
calculated from graph plotting using nonlinear regression. Butylated
hydroxytoluene (BHT) was used as a positive control.

Statistical analysis
All data were analyzed by one-way analysis of variance
(ANOVA). The differences were considered significant when p<0.05.
Before ANOVA, all data were checked for homogeneity of variance
and normal distribution. Pearson's correlation analysis was
performed between antioxidant activity and total phenolic, flavonoid,
carotene, and condensed tannin contents.

Total phenolic contents
Total phenol levels of the brown macroalgae were determined
according to the Folin-Ciocalteu method (Djeridane et al., 2006). A
0.2mL aliquot sample was added to 0.5mL of distilled water and
0.5mL of the Folin-Ciocalteu reagent and mixed thoroughly. After
1min, 0.8mL of 7.5% sodium carbonate (Na2CO3) solution was
added and the mixture was again mixed thoroughly. After 30min of
incubation at room temperature, the absorbance was measured at
750nm and compared to a gallic acid calibration curve. Total
phenolic content was estimated as gallic acid equivalent (GAE) in
microgram per gram extract.

Three brown algae collected for this study showed DPPH
radical scavenging activities (Table 1). C. barbata and S. lomentaria
showed low antioxidant activity by exhibiting the lowest IC50
(3.57±0.04 mg/g Ext.) but were significantly higher than the
Butylated hydroxytoluene (BHT) value; the measurements were in
agreement with Farasat et al. (2014). The scavenging effect of the
tested macroalgae on the DPPH radical decreased in the order of P.
pavonica (3.96±0.07 mg/g Ext.) > S. lomentaria (3.65±0.02 mg/g
Ext.) > C. barbata (3.57±0.04 mg/g Ext.) (Table 1). C. barbata and S.
lomentaria were found to be the most potent scavengers in these
tested algae.

Total flavonoid contents
The total flavonoid content was determined according to
Quettier-Deleu et al. (2000). The sample contained 1mL of methanol
solution of the extract in the concentration of 1mg/mL and 1mL of 2%
aluminum chloride (AlCl3) solution dissolved in methanol. The
mixture was incubated for one hour at room temperature. Its
absorbance was read at 415nm. The same procedure was repeated
for the standard routine solution and the calibration line was
constructed.

Table 1. The DPPH radical scavenging activities
of three brown algae

Total condensed tannin contents
Condensed tannin content was calculated according to Price et
al. (1978). An aliquot of 0.5g of the macroalgae sample was placed in
centrifuge tubes, and 20mL of 1% hydrochloric acid (HCl) in
methanol was added to each sample. Then, the mixture was placed
in a water bath at 30°C and was mixed thoroughly. After 20min of
incubation, the sample was centrifuged. Aliquots of the supernatants
were placed in two separate assay tubes, one for the sample
determination and the other for blank determination. Samples and
blanks were incubated for exactly 20min after adding 5mL of the
vanillin reagent (0.5g of reagent and 200mL of 4% HCl methanol) to
the samples and 4% HCl in methanol to the blanks. Afterwards, the
absorbance was measured at 500nm (via Thermo Aquamate). The
results were expressed as microgram catechin equivalent (CE) per
gram of algae (µg CE/g).
Total carotenoid content
To t a l
carotenoid
content
was
determinedspectrophotometrically (480nm) according to
Lichtenthaler and Buschmann (2001). The extinction coefficient E
(1%, 1cm) for ethanol E (1%, 1cm) was 2.130. The carotenoid
content was calculated using the following equation:
A = α . c . l,
Where:
A is the absorbance at 480nm;
α - the specific absorbance coefficient of the solvent;
c - the concentration of the carotenoids in µg/g Ext.;
l - the path length of the cuvette (1cm).

Results and discussion

Species
Scytosiphon lomentaria
Cystoseira barbata
Padina pavonica
Butylated hydroxytoluene
(BHT)

% Inhibition
b

39.76±0.38
39.39±0.32b
42.95±0.32b
99±0.11a

IC50 (mg/g Ext.)
3.65±0.02c
3.57±0.04c
3.96±0.07b
1.33±0.01a

Many scientists have stated that phenolic compounds are one
of the most effective antioxidants in brown algae (Zubia et al., 2009;
Cox et al., 2010; Quiros et al., 2010; Farasat et al., 2014). Because of
this, total phenolic content of brown algae was studied. Total
phenolic content of the three seaweeds ranged from 313.18±1.97 to
760.00±3.17 µg/g GAE Ext. (Table 2). P. pavonica exhibited the
highest content of total phenolic compounds, which is much higher
(p<0.05) compared to the other two algae species. The results
obtained in this study regarding P. pavonica were lower than some
reports for other brown seaweeds. Chandini et al. (2008) and
Airanthi et al. (2011) established that brown seaweed extracts had a
phenolic content of 3.37 and 49.16 mg GAE/g Ext. The differences
between our results and the results from previous studies could be
attributed to different environmental conditions, season of
harvesting and habitat (Parys et.al., 2007)
Flavonoids are crucial antioxidants because they have high
redox potentials which allows them to act as reducing agents,
hydrogen donors, and singlet oxygen quenchers, as well as having a
metal chelating potential (Phang et al., 2010). As shown in Table 2,
the total flavonoid content of brown algae varied from 1375.43±2.37
to 2250.92±46.60 µg/g Ext. The flavonoid contents of S. lomentaria
was significantly higher than the other algae (p<0.05). According to
the results from the present study, S. lomentaria could be a good
candidate for flavonoid sources.
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Vegetable tannins are secondary plant metabolites; they are
naturally occurring plant polyphenolic compounds and are naturally
occurring plant polyphenolic compounds and are widespread
among terrestrial and marine plants (Mueller-Harvey, 2006; Zubek
et al., 2012). The maximum condensed tannin content was
determined in C. barbata (130.61±2.96 µg CE/g Ext.) and the
minimum one – in P. pavonica (117.60±3.61 µg CE/g Ext.) (Table 2).
Cox et al. (2010) reported that condensed tannin content of brown
seaweed ranged from 5.44 to 38.34 mg CE/g Ext. The authors
consider that condensed tannin concentrations vary greatly among
different species of brown macroalgae as well as among different
geographical areas, which is consistent with our study.
Carotenoids are colored terpenes with great structural diversity:
they play a role in human nutrition, providing provitamin A, and can
prevent age-related macular degeneration and cerebrovascular
diseases (Akoh and Min, 1997; Balboa et al., 2013). The highest
total carotenoid content was found in P. pavonica (3.96±0.03 µg/g

Ext.) and the lowest in C. barbata (2.11±0.05 µg/g Ext.) (Table 2).
Pearson's correlation coefficient analysis was performed to
investigate the relationship between IC50 inhibition values and total
phenolic, flavonoid, carotenoid and condensed tannin content
(Table 3). There were positive significant correlations (p<0.05)
between IC50 inhibition value and total phenolic content (r= 0.0875).
Other studies showed that there are direct relationships between
antioxidant activity and total phenolic content (Piluzza and Bullitta,
2011; Rebaya et al., 2014). According to Piluzza and Bullitta (2011),
the different relationships between the antioxidant activity and the
total phenolic content may be due to many factors; the synergism
between the antioxidants in the mixture make the antioxidant activity
not only dependent on the concentration, but also on the structure
and the interaction between the antioxidants. This explains why S.
lomentaria, C. barbata, and P. pavonica had different total phenolic
compounds while exhibiting similar antioxidant activity.

Table 2. .Total phenolic, flavonoid, carotenoid and condensed tannin of three brown algae

Species

Scytosiphon lomentaria
Cystoseira barbata
Padina pavonica

Total phenolic
(µg/g GAE Ext.)

Total flavonoid
(µg/g Ext.)

Condensed tannin
(µg CE /g Ext.)

Total carotenoid
(µg/g Ext.)

313.18±1.97c
433.24±4.29b
760.00±3.17a

2250.92±46.60a
1375.43±02.37c
1619.93±11.61b

124.58±2.61ab
130.61±2.96aф
117.60±3.61bф

3.72±0.07b
2.11±0.05c
3.96±0.03a

Table 3. Pearson's correlation coefficients between the variables

Species

IC50
Total phenolic
Total flavonoid
Total carotenoid
Condensed tannin

Ic50

Total phenolic

Total flavonoid

Total carotenoid

Condensed tannin

1.000*
0.0875*
-0.050*
0.730*
-0.811*

1.000*
-0.481*
0.381*
-0.673*

1.000
0.626
-0.197

1.000*
-0.813*

1.000

No significant correlation was observed between IC50 inhibition
value and total flavonoid content (p>0.05). Strong positive
relationship was found between IC50 inhibition value and total
carotenoid content (r= 0.730). Condensed tannin levels negatively
affect IC50 inhibition values as well as total phenolic and carotenoid
contents (p<0.05).

Conclusion
The sea macroalgae are good sources of phytochemicals such
as phenols, flavonoids, carotenoids, and tannins. It was established
that the brown macroalgae (S. lomentaria, C. barbata, and P.
pavonica) displayed antioxidant activities. The highest total phenolic
and carotenoid content was found in P. pavonica, and the highest
total flavonoid content - in S. lomentaria, respectively. Based on
correlation analysis the main contributors of antioxidant activity in
these three macroalgae are total phenolics and carotenoids content,
while the condensed tannin contents negatively affected the
antioxidant activity. Even so, the antioxidant activity of macroalgae
distributed in the Dardanelles (Çanakkale) Strait could be used as a
source for future applications in medicine, food additives, functional
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foods and agriculture. Further investigations are required to
evaluate the effects of temperature, light, nutrient composition,
salinity, and life cycle of algae on antioxidant activity.
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