
GRASAS Y ACEITES 70 (3)
July–September 2019, e312

ISSN-L: 0017-3495
https://doi.org/10.3989/gya.0704182

Fatty acid and lipophilic vitamin composition of seaweeds from 
Antalya and Çanakkale (Turkey)

F. Cafa, *, N. Şen Özdemira, Ö. Yılmazb, F. Durucanc and İ. Akd

aTechnical Science Vocational High School, Bingol University, 12000 Bingol, Turkey.
bDepartment of Biology, Faculty of Sciences, Fırat University, 23119 Elazığ, Turkey.

cIşıklar Caddesi No 16, 17 TR-07100 Antalya, Turkey.
dMarine Sciences and Technology Faculty, Çanakkale Onsekiz Mart University, 17100, Çanakkale, Turkey.

*Corresponding author: fcaf@bingol.edu.tr

Submitted: 02 July 2018; Accepted: 12 November 2018. Published online: 7 May 2019 

SUMMARY: The lipophilic vitamin and fatty acid profiles were determined in five edible seaweeds: Corallina 
elongata J. Ellis & Solander, 1786; Cystoseira barbata (Stackhouse) C. Agardh, 1820; Jania rubens (Linnaeus) J.V. 
Lamouroux, 1816; Laurencia obtusa (Hudson) J.V. Lamouroux, 1813 and Sargassum vulgare C. Agardh, 1820. 
Saturated fatty acids (SFAs) were the major fatty acid group, and16:0 formed the highest SFA content (34–40%).  
16:0 was higher in the brown seaweeds (C. barbata, 40.55%; S. vulgare, 37.11%) than in the red seaweeds 
(C. elongata, 36.5%; L. obtusa, 34.57%; J. rubens, 34.22%). The other major fatty acids in the seaweeds were 
18:1n-9 and 16:1n-7 from MUFA in the analyzed species. In addition, EPA was found in significant levels in the 
red seaweeds, whereas DHA was not detected in the analyzed species. The findings showed that difference among 
species were not statistically significant (p = 0.09–0.11), yet differences between two families (Sargassaceae and 
Corallinaceae) were significant (p = 0.006) in the fatty acid profile (p < 0.01). Also, differences between the 
Corallinaceae and Rhomomelaceae families were partially significant (p = 0.011–0.013) (p < 0.01). K1 and K2 
vitamins as well as δ-tocopherol, α-tocopherol and retinol acetate were determined to be present in the seaweed 
extracts. Finally, ergosterol, stigmasterol and ß-sitosterol were found in all samples in differing ratios per species.
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RESUMEN: Ácidos grasos y composición de vitaminas lipófilas de algas marinas de Antalya y Çanakkale 
(Turquía). El perfil de ácidos grasos y vitaminas lipófilas se determinó en cinco algas comestibles: Corallina 
elongata J. Ellis y Solander, 1786; Cystoseira barbata (Stackhouse) C. Agardh, 1820; Jania rubens (Linnaeus) J.V. 
Lamouroux, 1816; Laurencia obtusa (Hudson) J.V. Lamouroux, 1813; y Sargassum vulgare C. Agardh, 1820. Los 
ácidos grasos saturados (AGS) fueron el grupo principal de ácidos grasos, y el C16:0 fué el mayoritario de los 
AGS (34-40%). El ácido C16:0 fue más elevado en las algas pardas (C. barbata, 40.55%; S. vulgare, 37.11%) que 
en las algas rojas (C. elongata, 36.5%; L. obtusa, 34.57%; J. rubens, 34.22%). El resto de los ácidos grasos en las 
algas marinas de las especies analizadas, fueron los MUFA: C18:1n-9 and C16:1n-7. Además, el EPA se encon-
tró en niveles significativos en las algas rojas, mientras que el DHA no se detectó en las especies analizadas. Los 
resultados mostraron que la diferencia entre las especies no es estadísticamente significativa ( p = 0.09–0.11), 
aunque las diferencias entre dos familias (Sargassaceae y Corallinaceae) fueron significativas ( p = 0.006) en el 
perfil de ácidos grasos ( p <0.01). Además, las diferencias entre las familias Corallinaceae y Rhomomelaceae 
fueron parcialmente significativas ( p = 0.011-0.013) ( p<0.01). Las vitaminas K1 y K2, así como d-tocoferol, 
α-tocoferol y acetato de retinol se vió que estaban presentes en los extractos de algas marinas. Finalmente, se 
encontró ergosterol, estigmasterol y ß-sitosterol en todas las muestras en diferentes proporciones por especie.
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1. INTRODUCTION

Seaweed is considered a good source of  hydro-
soluble vitamins, lipophilic vitamins and long-
chain polyunsaturated fatty acids (LCPUFAs) 
such as omega-3 fatty acids (n-3), especially eicosa 
pentaenoic acid (EPA;C20:5 n-3) (Khotimchenko 
et al., 2002; Adharini et al., 2019). Therefore, 
traditionally seaweeds have been long used as a 
food source in many regions of  the world and 
have potential as a functional food (Durucan and 
Turna, 2014).

Marine plants, expecially seaweed have anti-
oxidant properties. Interest in these properties 
has increased among consumers and researchers 
(Farasat et al., 2013; Caf et al., 2015). Antioxidants 
can be of both synthetic and natural origin. Natural 
antioxidants contain mainly phenolic compounds. 
The utilization of natural antioxidants from plants 
generally does not produce negative effects, although 
some synthetic antioxidants have been found to 
induce genotoxic effects (Barlow, 1990). The bio-
logical effects of highly reactive oxygen species are 
controlled by a wide spectrum of antioxidant mech-
anisms (Yu, 1994). Flavonoids are an important 
group of plant metabolites and also represent the 
most important group of polyphenolic compounds. 
They have high chemical and biological activities, 
including antioxidant and free radical scavenging 
properties (Kahkonen et al., 1999). In addition, 
α-tocopherol (vitamin E) is one of the most impor-
tant lipophilic vitamins because of its high antioxi-
dant effect. In particular, it is effective for preventing 
lipid peroxidation (LPO) (Houston, 2005).

Furthermore, fatty acids are one of  the most 
important molecules in aquatic ecosystems because 
of  transference among different trophic levels 
(Filimonova et al., 2016). The main dietary sources 
of  n-3 PUFAs for humans are fish. However, the 
sustainability of  fish as a PUFA source is not cer-
tain due to decreasing fish stocks and increasing 
global demands. Worm et al., (2009) indicated that 
some fish populations are rapidly being depleted 
worldwide. Hence, new alternative sources of 
PUFAs must be found for food and feed applica-
tions (Vizetto-Duarte et al., 2015). The interest in 
the lipid composition of seaweeds has gradually 
increased because seaweeds contain a high level of 
PUFAs, especially alpha-linolenic (ALA, 18:3 n-3)  
arachidonic acid (ARA, 20:4 n-6) and EPA 
(Dawczynski et al., 2007). In fish,  n-3 LCPUFA 
supplies mainly depend on the primary producers in 
the marine seafood chain and their supply to fish’s 
diets (Ivanova et al., 2013a). Producers synthesize 
LC PUFA from ALA and linoleic acid through 
desaturation and elongation of the contained fatty 
acids (Strobel et al., 2012). 

 Therefore, seaweeds may be a new alternative 
source of PUFAs for the food industry. Turkey is 

one of the countries with the highest potential for 
seaweed production. However, information about 
the biochemical contents of Turkish seaweeds is lim-
ited. Therefore, the aim of this study was to deter-
mine the lipophilic vitamin and fatty acid contents 
in several edible seaweeds in Turkey.

2. MATERIAL AND METHODS

Four seaweeds (C. elongata, J. rubens, L. obtusa 
and S. vulgare) were collected in April, 2014 from 
Lara (Antalya, Turkey), and C. barbata was col-
lected in May, 2012 from Kepez (Çanakkale, 
Turkey). The epiphytes, epizoons, sediment particles 
and additional organic matter in the seaweeds were 
removed using sea water. Cleaned seaweed samples 
were kept in the freezer (–80 °C) until analysis.

2.1. Lipid extraction and fatty acid analyses

According to Hara and Radin (1978), lipids were 
extracted using a hexane/isopropanol mixture (3:2 
v/v). Briefly, the mixture was centrifuged at 6000 
rpm for 10 min, and the supernatant was taken from 
the samples. Then, the supernatant was placed in 
sample tubes and added with 2% H2SO4 (in metha-
nol). The mixture was heated to 55 °C for 12 h in 
the oven. It was then cooled to room temperature 
(25 °C), and 5% NaCl was added. Hexane was used 
for the fatty acid methyl esters (FAMEs) (Christie, 
1990). A 2% KHCO3 solution was then added to the 
mixture. The samples were dried under a N2 stream. 
The products were then extracted into hexane and 
stored at -20 °C for FAME analysis. The FAMEs 
were dissolved in 1 mL hexane and transferred to 
autosampler vials for GC analysis.

The FAMEs were analyzed using gas chroma-
tography (GS) (Shimadzu, GC-17, Ver. 3). The 
total duration of the GC analysis was 35 min. A 
Machery-Nagel (Germany) capillary column with a 
length of 25 m, an inner diameter of 0.25 μm, and a 
thickness of 25 micron film was used. The column 
temperature was maintained at 120–220 °C, and 
the injection temperature was 240 °C. The detector 
temperature was held at 280 °C. The column tem-
perature was adjusted to 120–220 °C, and the tem-
perature was increased by 5 °C/min until reaching 
200 °C and then increased by 4 °C/min until reach-
ing 220 °C. The final temperature was held at 220 
°C for 8 min. N2 was used as carrier gas. Peaks were 
identified using retention times from standards pur-
chased from Supelco:37 component FAME mix.

2.2. Analysis of lipophilic vitamins (A, D, E, K) 
and sterols

The samples were homogenized with a 3:2 
hexane:isopropanol solution (v/v), and 5% KOH was 
added to the supernatant. Then, the samples were 
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heated for 15 min in the oven at 85 °C. Phytosterol 
extraction was performed using 10 mL hexane, 
which was evaporated under N2. The samples were 
dissolved in 1 mL asetonitril/metanol mixture (50% 
+ 50%, v/v) and transferred to autosampler vials for 
High-performance liquid chromatography (HPLC) 
(Shimadzu) analysis. HPLC was used for sterol analy-
sis in conjunction with Class VP software (Shimadzu, 
Kyoto, Japan). A UV detector and a Supelcosil LC 
18 column (Sigma, United States; 15×4.6 cm, 5 μm) 
were used. The column length was 15 m. A LC-10 
ADVP (UV visible) pump was used in addition to a 
SPD-10AVP detector, CTO-10ASVP column oven, 
SIL-10ADVP autosampler and DGU-14A degasser 
unit (Shimadzu). Acetonitrile:methanol (60/40 v/v) 
was used for the mobile phase at aflow rate of 1 mL. 
The vitamin peaks were determined at different 
wavelengths (e.g. Vitamin E at 202 nm and Vitamin 
A at 326 nm) (Katsanidis and Addis, 1999). Values 
were expressed µg/g of dry weight.

2.3. Statistical analysis

Three replicates were analyzed per sample. The 
results were given as mean ± standard error of the 
mean (SEM). The PRIMER-v7 software, which is 
often used for analyzing ecological data, was used 
to determine the fatty acid relationships among spe-
cies. Additional multivariate statistics were applied, 
including analysis of similarities (ANOSIM), mul-
tivariate non-parametric analogue of univariate 
ANOVA tests, non-parametric multi-dimensional 
scaling (nMDS) and similarity of percentages anal-
ysis (SIMPER). These were used to identify the 

fatty acids that primarily discriminated the observed 
sample clusters. Additionally, a permutational mul-
tivariate analysis of variance (PERMANOVA) was 
used to analyze the average similarity between/
within groups.

3. RESULTS

3.1. Fatty acid profiles

The fatty acids found in the seaweeds were C14:0, 
C16:0, C16:1, C18:0, C18:1n-9, C18:2n-6, C18:3n-3, 
ARA and EPA. The fatty acid content of each 
seaweed species ranged as follows: 47.42–57.13% 
saturated fatty acids (SFAs), 19.41–25.86% mono-
unsaturated fatty acids (MUFAs), 18.13–29.03% 
PUFAs and 10.47–24.95% highly unsaturated fatty 
acids (HUFAs). The main fatty acid in the studied 
species was 16:0, followed by 16:1 and 18:1.

We implemented a multivariate approach using 
PRIMER 7 to investigate the relationships among 
fatty acids. PRIMER provides a determination of 
similarity between/within sample groups as well as 
graphic representations of data based on MDS anal-
ysis (Clarke and Warwick, 2001). MDS, ANOSIM, 
SIMPER and PERMANOVA are available in open 
source R package, vegan (Oksanen et al., 2013). R is 
a free software environment for statistical computing 
and graphics (Parrish et al., 2015). The samples plot-
ted were factored by species (C.  barbata, J. rubens, 
L. obsuta and S. vulgare), family (Corallinaceae, 
Rhomomelaceae and Sargassacea) and location 
(Çanakkale and Antalya). The samples in the MDS 
plot were identified by species. Figure 1 shows the 

Figure 1. Fatty acid proportions of the seaweed species in MDS (Multi Dimensional Scale) plot. The resemblance matrix was 
created from Bray-Curtis similarity coefficients. Axes are Pearson correlations with the variables. Vectors with Pearson correlations 

>0.85 are shown for fatty acid data in the seaweed species. 2D (2 dimensional) stress = 0.01.
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two-dimensional representation of the MDS plot 
analysis of a resemblance matrix of fatty acid data. 
MDS was used to determine spatial differences 
among the species in fatty acids. The degree to which 
the two-dimensional configuration plot disrupts the 
sample relationship is known as “stress.” Our stress 
value was 0.01; values below 0.05 were defined by 
Clarke and Warwick (2001) to have “excellent repre-
sentation”. In addition, Figure 1 shows the impor-
tance of 16:0, 18:1 n-9, 20:3 n-6 and 18:2 n-6c in 
C.  barbata. Thirteen fatty acids were identified in 
the samples (n = 3) by the multivariate analyses. 
The lower triangular matrix was created using Bray-
Curtis similarity coefficients (cut-off  level for low 
contributions: 70%). 

One-way SIMPER analysis showed the average 
similarity of fatty acids based on location, species 

and family. 16:0 was the main contributor in all 
species, varying from 35–42% (extreme values cor-
respond with C. barbata and J. rubens, respectively). 

Table 2 shows the average similarities found in 
pairwise tests between/within species using one-
way analysis. The PERMANOVA + add-on to 
PRIMER v7 was used to highlight significant dif-
ferences in dispersion among the groups. Significant 
differences (p < 0.01) in pairwise comparisons were 
not found among species (p = 0.09–0.11). However, 
a significant difference was found between the loca-
tion groups (p = 0.003) (p < 0.01). With respect to 
family, Sargassaceae and Corallinaceae have sig-
nificant differences, whereas partial differences were 
found among the other families (p = 0.011–0.013) 
(p < 0.01). Table 2 was generated from the same 
add-on. These data correspond with the data of 

Table 1. Fatty acid contents of different seaweed species (% total defined FAME) (n = 3)

Fatty Acids
(%)

C. barbata
(mean ± SD)

S. vulgare
(mean ± SD)

J. rubens
(mean ± SD)

L. obtusa
(mean ± SD)

C. elongata
(mean ± SD)

C14:0 4.31±0.26 4.53±0.31 3.53±0.36 5.3±0.12 4.58±0.43

C16:0 40.55±0.48 37.11±0.15 34.22±0.59 34.57±0.50 36.5±0.58

C16:1n-7 11.12±0.40 12.50±0.48 8.33±0.61 11.41±0.10 8.72±0.51

C18:0 2.56±0.08 15.48±0.64 17.26±0.32 8.55±0.43 13.81±0.35

C18:1n-9 13.27±0.45 11.29±0.18 8.38±0.56 8.60±0.39 9.03±0.63

C18:2n-6c 9.42±0.30 4.08±0.17 4.57±0.30 2.39±0.32 4.35±0.24

C18:3n-3 3.45±0.21 2.20±0.25 nd 1.67±0.11 nd

C20:5n-3 (EPA) 3.36±0.41 2.19±0.21 9.0±0.50 15.09±0.19 11.74±0.63

C20:1n-9 1.46±0.13 0.94±0.09 1.10±0.12 nd 1.37±0.27

C20:3n-6 1.29±0.34 nd nd nd nd

C20:4n-6 4.40±0.49 5.77±0.28 4.36±0.37 6.44±0.46 5.25±0.27

C22:1 nd nd 1.6±0.10 2.52±0.23 1.28±0.32

C22:2 4.76±0.61 2.50±0.39 6.15±0.26 3.41±0.13 3.33±0.16

SFA 47.42±0.34 57.13±0.51 55.01±0.51 48.42±0.48 54.90±0.22

MUFA 25.86±0.39 24.73±0.42 19.41±0.21 22.55±0.62 20.41±0.47

PUFA 26.71±0.52 18.13±0.21 25.57±0.31 29.03±0.70 24.68±0.44

HUFA 13.83±0.96 10.47±0.64 19.51±0.18 24.95±0.52 20.33±0.42

PUFA/SFA 0.56±0.01 0.31±0.01 0.46±0.01 0.6±0.02 0.45±0.01

nd: not detected, SD: Standart Deviation, EPA: Eicosapentaenoic Acid, SFA: Saturated Fatty Acid, MUFA: Monounsaturated Fatty 
Acid, PUFA: Polyunsaturated Fatty Acid, HUFA: High Unsaturated Fatty Acids

Table 2. SIMPER and ANOSIM R values in fatty acid proportions of the seaweed species (C. barbata, S. vulgare, J. rubens, L. 
obtusa) samples. R statistics are for pairwise tests with C. barbata; Significance level of sample statistic 0.1 %

Average similarity between/within groups (%)

C. barbata S. vulgare J. rubens L. obtusa C. elongata C. barbata

C. barbata 97.5

S. vulgare 83.3 98.2 1

J. rubens 75.6 85.2 96.5 1

L. obtusa 76.3 82.8 83.8 95.9 1

C. elongata 77.8 88.0 92.2 88.7 98.1 1
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the SIMPER analysis. The degrees of similarity 
were the same because the SIMPER and ANOSIM 
R values were the same (R = 1) among all the spe-
cies. The highest similarity was found between C. 
elongata and J. rubens (92.2%), and the lowest simi-
larity was found between J. rubens and C. barbata 
(75.6%). Within species, S. vulgare had the highest 
similarity (98.2%). Among families, Sargassaceae 
and Corallinaceae as well as Sargassaceae and 
Rhomomelaceae were more similar (R < 0.83) than 
Corallinaceae and Rhomomelaceae (R = 1).

Table 2 shows the SIMPER and ANOSIM R val-
ues for the fatty acid proportions of seaweed species 
(C. barbata, S. vulgare, J. rubens and L. obtusa). The R 
statistics correspond to pairwise tests with C. barbata. 
The significance level of the sample statistic was 0.1%.

3.2. Lipophilic vitamin and phytosterol contents

Table 3 shows the lipophilic vitamin and phy-
tosterol contents of the seaweed species. K1 and 
K2 vitamins, δ-tocopherol, α-tocopherol and reti-
nol acetate were present in the seaweed extracts. 
Ergosterol, stigmasterol and ß-sitosterol were found 
in all samples although in different ratios per species. 

In Table 3, the lipophilic vitamin and phytosterol 
contents of the seaweed species (μg/g) are presented.

4. DISCUSSION

The predominant fatty acids in five seaweed spe-
cies (C. barbata, C. elongata, J. rubens, L. obtusa 
and S. vulgare) were studied. The 16:0 fatty acid was 
detected in C. barbata at 40.55%, in C. elongata at 
36.5%, in J. rubens at 34.22%, in L. obtusa at 34.57% 
and in S. vulgare  at 37.11%. 18:1n-9 and 16:1n-7 
were the most abundant MUFAs in the analyzed 
species. A study by Gressler et al., (2010), showed 
that 16:0 was the most predominant fatty acid in 
seaweed. Our findings showed that total PUFA 
contents were higher than total MUFA contents in 
the seaweed species, except for S. vulgare. We found 
that PUFAs were the highest in L. obtusa from 

Rhodophyta whereas it was the lowest in S. vulgare 
from Phaeophyta. PUFA content was higher in 
C.  barbata (26.71%) taken from Çanakkale than 
S. vulgare (18.13%) taken from Antalya station. This 
difference can be related to location, seasonal differ-
ences etc. Frikha et al., (2011) and Vizetto-Duarte 
et al., (2015) reported that 16:1n-7 and 18:1n-9 were 
the main MUFAs in C. barbata. Our results are in 
accordance with the literature. Moreover, diets rich 
in MUFAs were found to decrease the total and 
low-density lipoprotein (LDL) cholesterol levels in 
plasma (Degirolamo and Lawrence, 2011). 

All seaweeds also contained 18:2n-6. LA was most 
abundant in C. barbata compared to the other sea-
weeds. Regional differences may cause high 18:2n-6 
in C. barbata, which was collected from Çanakkale, 
whereas the other seaweeds were collected from 
Antalya. Multivariate analysis showed differences 
among the locations (p = 0.003) (p < 0.01). The bio-
chemical composition of seaweeds is directly related 
to season and location (Renaud and Luong-Van, 
2006). Also, fatty acid content can depend on envi-
ronmental and genetic differences (Nelson et al., 
2002). Notably, 18:3n-3 was found in all brown sea-
weeds; in red seaweeds, 18:3n-3 was found in C. elon-
gata and J. rubens. The eicosanoid precursors ARA 
and EPA were also detected in all species. EPA was 
found in significant levels in the red seaweeds, and 
ARA was found at similar levels in the red and brown 
seaweeds. In addition, HUFA was higher in red sea-
weeds than in brown seaweeds (Table1). Simiarly, 
we encountered significant differences between 
Sargassaceae (brown seaweed) and Corallinaceae 
(red seaweed) (p = 0.006) (p < 0.01) and partial dif-
ferences between Sargassaceae (brown seaweed) and 
Rhomelaceae (red seaweed) (p  = 0.013) (p < 0.01) 
according to multivariate analysis. However, no dif-
ferences among the seaweed species as a whole were 
found (p = 0.09–0.11) (p < 0.01).

Several studies indicated the presence of a reverse 
correlation between the PUFA:SFA ratios and car-
diovascular diseases. Greater concentrations of 
PUFA relative to SFA in the human diet were found 

Table 3. Lipophilic vitamin and phytosterol content of the seaweed species (μg/g) (n = 3)

ADEK 
vitamins and phytosterols

C. barbata
(mean ± SD)

S. vulgare
(mean ± SD)

J. rubens
(mean ± SD)

L. obtusa
(mean ± SD)

C. elongata
(mean ± SD)

Vitamin K1 nd 2.32±0.15 nd 0.73±0.10 6.35±0.45

Vitamin K2 0.82±0.1 0.8±0.1 0.25±0.05 0.8±0.08 0.25±0.05

δ- tocopherol 1.00±0.10 0.54±0.08 0.35±0.05 0.85±0.05 0.04±0.007

α- tocopherol 4.40±0.37 15.45±1.01 15.17±1.00 20.46±0.77 1.65±0.15

Ergosterol 75.05±1.63 0.004±0.0007 12.68±0.4 137±1.41 0.00±0.00

Stigmasterol 0.74±0.08 0.004±0.0005 0.004±0.0005 0.023±0.015 43.23±0.75

ß-sitosterol 0.82±0.14 58.57±1.22 4.43±0.19 8.16±0.24 6.1±0.27

Retinol acetate 0.003±0.001 0.005±0.001 0.043±0.005 0.15±0.05 0.12±0.02

nd: not dedected, SD: Standard Deviation
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to decrease problems associated with cardiovascu-
lar diseases (Simopolous, 2000; Erkkila et al., 2008). 
Therefore, the PUFA:SFA ratio was an important 
parameter in our study. Also, the British Department 
of Health suggested that the average ratio of 
PUFA:SFA should be 0.45 or higher. In this study, 
the PUFA:SFA ratio of the seaweeds was determined 
to range from 0.31–0.60 (extreme values correspond-
ing with S. vulgare and L. obtusa, respectively), and 
all analyzed species demonstrated a favorable PUFA: 
SFA ratio except for S. vulgare (Table 1).

Dawczynski et al., (2007) reported that HUFA syn-
thesis pathways have not been studied in seaweeds to 
date. Seaweeds can produce high levels of ARA and 
EPA but generally have low levels of or completely 
lack DHA (C22:6 n-3, Docosahexaenoic acid). EPA 
and DHA are major components of membranes. EPA 
and DHA are basically derived from ALA by elonga-
tion and desaturation reactions (Narayan et al., 2006). 
They are also necessary precursors to bioactive com-
pounds such as eicosanoids (Lee and Hirota, 1973). 
In the present study, DHA was not present in the ana-
lyzed species; in different phaeophytes, DHA is gen-
erally absent or exists at low levels (Li et al., 2002). 
Meanwhile, red and brown seaweeds usually have a 
high content of fatty acids with 20 carbons such as 
EPA and ARA (Banerjee et al., 2009). We observed 
that PUFAs had the highest relative concentration in 
the red seaweeds, and EPA ranged from 9–15.09% of 
the total determined fatty acid content.

We also evaluated the lipophilic vitamin content of 
the five seaweed species. The results clearly indicated 
that all tested seaweeds possessed vitamins. Specifically, 
α-tocopherol, δ-tocopherol, vitamin K1, vitamin K2, 
stigmasterol, ß-sitosterol and ergosterol were detected. 
Seaweeds were previously found to be a significant 
source of vitamins (Sanchez-Machado et al., 2004). 
In this study, α-tocopherol was the most important 
lipophilic vitamin, ranging from 1.65 to 20.46 μg/g. 
d.w. in L. obtusa, which contained the highest content. 
We determined that α-tocopherol was generally low 
in C. barbata (4.40 μg/g). Similarly, Panayotova et al., 
(2013a) and Panayotova et al., (2013b) reported that 
C. barbata had high amounts of α-tocopherol (15.77 
± 0.21 mg/g, 29.13 mg/g; respectively). In addition, 
Durmaz et al., (2008) found that Cystoseira spp. had 
an α-tocopherol content of 17.10 µg/g in the Black 
Sea of Turkey. The vitamin composition of seaweed 
is affected by species, algal growth level, geographical 
region, salinity, season and temperature (Škrovánková, 
2011); yet, overall, α-tocopherol is the most abundant 
lipophilic vitamin in seaweeds (Škrovánková, 2011). In 
the present study, α-tocopherol content was found to 
be higher than δ-tocopherol content. The α-form has a 
higher antioxidant effect than other forms (Yamamoto 
et al., 2001). Also, α-tocopherol is associated with 
decreased blood pressure and the prevention of lipid 
peroxidation in biological systems, which is its main 
function (Houston, 2005).

Finally, we examined sterols, which are one of 
the main components of lipid classes phytosterols 
(C28 and C29 sterols) are essential for the synthesis of 
some vitamins. For instance, ergosterol is necessary 
for the synthesis of vitamin D2 and cortisone (Ibañez  
et al., 2011). We observed that ergosterol was the main 
sterol in L. obtusa (137±1.41 μg/g). β-sitosterol was 
the main sterol in S. vulgare, and stigmasterol was the 
main sterol in C. elongata (43.23 μg/g) (see Table 3).

5. CONCLUSION

Important bioactive molecules from marine 
resources can be used in many fields, including the 
drug, cosmetic and food industries, as they have been 
found to have positive effects on human health (Hamed 
et al., 2015). Our findings showed that seaweeds can be 
used in different industries because of their biochemical 
contents. In particular, the high PUFA content of sea-
weeds has increased their importance in the food indus-
try. PUFA concentration was high, especially C20, ARA 
and EPA in the studied species. However, they did not 
contain DHA. C. barbata, S. vulgare from Phaeophyta 
presented the lowest contents of EPA (> 2%) whereas 
J. rubens, L. obtusa and C. elongata from Rhodophyta 
presented the highest contents of EPA (> 9%). These 
contents vary according to different factors, such as 
species, location and family. In addition, α-tocopherol 
had the highest amount within lipophilic vitamins. 
These species can use instead of synthetic antioxidants 
because of their high antioxidant effect.

Our results showed that species, family and loca-
tion had an important effect on the biochemical 
contents of the studied seaweeds. Further research 
on different marine seaweed species is necessary, 
including the applications of seaweed species in the 
health and food industries in Turkey. The findings 
will be useful as a guide to further studies.
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