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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.  

Keywords: Dardanelles (Çanakkale) Strait, brown macro algae, antioxidant properties, flavonoids, phenolics, tannins

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. , No 4, pp  - , 20110 354 357 8
DOI: 10.15547/ast.2018.04.065

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 

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 
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(via Thermo Aquamate). The ability to scavenge DPPH radicals was 
calculated using the following equation:

DPPH scavenging (%) = [(A  – A )/A ] × 100,control sample control

Where:
A  is the absorbance of the sample after the time necessary sample

to reach the plateau (30 min);
A  is the absorbance of DPPH. control

Extract concentrations providing IC50 inhibition values were 
calculated from graph plotting using nonlinear regression. Butylated 
hydroxytoluene (BHT) was used as a positive control.

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 (Na CO ) solution was 2 3

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.

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 (AlCl ) solution dissolved in methanol. The 3

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.

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
T o t a l  c a r o t e n o i d  c o n t e n t  w a s 

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). 

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.

Results and discussion

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.

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. 

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

Species % Inhibition IC50 (mg/g Ext.)

Scytosiphon lomentaria

Cystoseira barbata

Padina pavonica

Butylated hydroxytoluene 

(BHT)

b39.76±0.38
b39.39±0.32
b42.95±0.32
a99±0.11

c3.65±0.02
c3.57±0.04
b3.96±0.07
a1.33±0.01
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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 Total phenolic 

(µg/g GAE Ext.)

Total flavonoid 

(µg/g Ext.)

Condensed tannin 

(µg CE /g Ext.)

Total carotenoid 

(µg/g Ext.)

Scytosiphon  lomentaria

Cystoseira barbata

Padina  pavonica

c313.18±1.97
b433.24±4.29
a760.00±3.17

a2250.92±46.60
c1375.43± 2.370
b1619.93±11.61

ab124.58±2.61
a130.61±2.96 ф

b117.60±3.61 ф

b3.72±0.07
c2.11±0.05
a3.96±0.03

Table 3. Pearson's correlation coefficients between the variables

Species Ic50 Total phenolic Total flavonoid Total carotenoid

IC50

Total phenolic

Total flavonoid

Total carotenoid

Condensed tannin

 1.000*

 0.0875*

-0.050*

0.730*

-0.811*

 1.000

 0.626

-0.197

Condensed tannin

 1.000*

-0.481*

 0.381*

-0.673*

 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 

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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should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of  
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
f o r  A n i m a l  S c i e n c e  a n d  H e a l t h , 
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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