
Introduction
 In recent years, great research and commercial attention have been 
given to extraction and production of high-value biochemical from 
marine seaweed biomass [1]. The use of seaweed biomass has several 
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advantages, among them (a) available rich resources; (b) feasibility of 
growing fast in the open ocean; (c) higher photosynthetic efficiency 
than terrestrial biomass; (d) no dependence on freshwater and little 
dependence on temperature; and (e) low costs of harvest [2,3]. The 
chemistry of marine seaweeds and terrestrial biomass sugar polymers 
are different [1,4]. Seaweeds contain several unique and commercial-
ly important Phycocolloids, such as Alginate, Carrageenan and Agar-
Agar [1,4]. Seaweeds contain other interesting and Phytochemically 
active molecules such as, Phycobilin pigments, HUFA and PUFA Fat-
ty acids, Proteins with essential Amino acids, Vitamins and Mineral 
elements, which are compounds with potential applications in Food, 
Cosmetic, Pharmaceutical and Medical fields [3,5,6].

 Brown Seaweed-derived polysaccharides such as Fucoidan, Lam-
inaran, Alginates and Mannitol have been studied due to their bio-
logical effectiveness as Anticoagulant, Antitumor, Antithrombotic, 
Anti-inflammatory, Contraceptive and Antiviral agent [7-10]. 

 Fucoidans, is a term that covers a family of Fucose-Containing 
Sulfated Polysaccharides (FCSPs), may constitute up to 25-30% of 
the seaweed dry weight, depending on the seaweed species and, to a 
lesser extent, on life history stage and season [11,12].

 Fucoidans participate in the building of cell walls and the support 
of their structure, as well as in releasing of spores and gametes from 
reproductive organs. Due to the sulfated groups, these polysaccha-
rides can bind positively charged ions, such as K+, Na+, Ca2+, Mg2+ 
and participate in ion exchange with the environment, which facil-
itates adaptation of seaweeds to water salinity fluctuations and to 
the toxic effects of heavy metals. Fucoidans play a substantial role 
in morphogenesis of zygotes of Fucoid algae, as they participate in 
establishing the cell polarity and fixing the cell-division axis, thus 
determining the direction for the development of the rhizoidal and 
apical poles of young thalli [13].

 Documented biological functionalities of these compounds are the 
activities against Hepatitis, Herpes and Human Acquired Immune De-
ficiency (AIDS) Viruses, the Anticoagulant, Anti-inflammatory Hep-
arin and molecules that modify cell proliferation and adhesion and 
fertilization functions [13-20].

 Despite all the above-mentioned benefits, research on the Fucoid-
an content of Seaweeds in Turkey is limited. 

 The aim of the current study was to determine the sulfated poly-
saccharides (Fucoidan) yields of seaweeds of Cystoseira barbata, C. 
compressa and Sargassum vulgare (Order Fucales) that are distribut-
ed on the Turkish coast. An experimental design was implemented to 
evaluate the Fucoidan content and effect of the seasonal variation on 
the Fucoidan yield among the species with specific goal to determine 
the best time of the year to obtain Fucoidan from natural populations 
of these species. 

Materials and Methods
 Seaweed samples of Cystoseira barbata, C. compressa and Sar-
gassum vulgare used in this study was collected monthly by hand 
along the coast of Urla (izmir Bay, Turkey; Figure 1). Approximately  

Turan G, et al., J Aquac Fisheries 2017, 1: 005
DOI: 10.24966/AAF-5523/100005

HSOA Journal of
Aquaculture & Fisheries

Research Article

Gamze Turan*, Semra Cirik, Hatice Tekogul, Edis Koru, Ulvi-
ye Karacalar and Safak Seyhaneyildiz

Department of Aquaculture, Ege University, Bornova, İzmir, Turkey

Determination of the Season-
al Yields of Total Fucose and 
Fucoidan Yields in Brown Sea-
weeds (Order Fucales) Distrib-
uted along the Coast of Urla 
(izmir, Turkey)

Abstract
The brown seaweeds have been recognized as a potential 

source of biologically active Fucoidan, a mucilaginous sulfated poly-
saccharide consisting mainly of a polymer of α-L-fucose-4-sulfate 
but with persistent amounts of other sugars, mainly Xylose and Ga-
lactose and have been reported to have Anti-Cancer, Anti-Obesity 
and Anti-Inflammatory effects. 

This study was carried out to determine the seasonal yields of 
total Fucose and Fucoidan from brown seaweed species (Order Fu-
cales) of Cystoseira barbata, C. compressa and Sargassum vulgare 
distributed naturally along the coast of Urla (İzmir, Turkey) using a 
colorimetric method. 

Mean fucoidan yields were 6.44±1.44% (dry weight basis) 
for Cystoseira barbata, 3.84±1.14% for Sargassum vulgare and 
3.04±1.77% for C. compressa (n=3). The highest Fucoidan yields in 
these species were determined in the fall season (P≤0.05).
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10 m long study area where seaweed collected from sup-tidal rocky 
zone located between the port of Urla and Urla Island road. All three 
types of seaweed samples were collected from the same type of envi-
ronment on the same dates. The studies species were collected from 
the dense beds through the year. Cystoseira species were identified 
according to Herbarium of Prof. Dr. Sukran CIRIK and personal com-
munications with him.

 The collected seaweeds in the lab were cleaned from epiphytes 
and epizoans washed with distilled water, dried at (60ºC), ground 
and stored in the freezer until use. Unless stated otherwise, chemicals 
and solvents used in this study were of Analytical Grade. Extraction 
and colorimetric determination of Fucose and Fucoidan content of 
Seaweeds was estimated using the method described by [21], as de-
scribed below.

Extraction
 A 1g sample of seaweed material for each species of Cystosei-
ra barbata, C. compressa and Sargassum vulgare for each sampling 
was accurately weighed into a 100 ml conical flask. 25 ml 0.2 N 
HCl was added and the suspension was heated at 70ºC in a tempera-
ture-controlled water bath for 1 hour. The suspension was stirred 
(approximately 200 rpm) or shaken during the extraction. The flask 
was cooled in tap water and the particles were allowed to settle. The 
liquid was poured through a filter into a 200 ml conical flask. Sub-
sequent extracts from the same sample were filtered into the same 
flask. The particles retained on the filter were transferred back into the 
extraction flask with 25 ml 0.02 N HCl. The flask was heated at 70ºC 
for 1 hour, cooled in tap water and re-filtered. The combined extracts 
contain the acid-soluble, Fucose-containing polysaccharides used in 
the colorimetric procedure for Fucose determination.

Colorimetric determination of fucose

 A 1 ml of sample extract was taken into a test tube placed in an 
ice-water bath and 4.5 ml dilute H2SO4 was added carefully and al-
lowed the mixture cool for approximately 1 minute and mixed with a 
glass rod. The tube was placed in a boiling-water bath for exactly 10 
minutes and then cooled in tap water to room temperature (20ºC). 0.1 
ml Cysteine solution was added into the tube and mixed with a glass 
rod and the tube was left at room temperature for 30 minutes.

 The absorbance at 396 and 427 nm was read in this solution. The 
total Fucose, F, in milligrams was calculated from the following for-
mula:

 F= B × 0.06 × V
Where,

B is the difference between the two absorbancy readings (396 and 
427 nm)

0.06 is a factor converting absorbance to amount of Fucose in mili-
grams per mililiter and 

V is the total volume of the extract in mililiters

 To obtain the approximate amount of Fucoidan of the sample, the 
Fucose content was multiplied by a factor of 2 [21].

Statistical analysis

 Fucose and fucoidan yield data were analyzed using the Gener-
al Linear Model (GLM) with ANOVA procedure using SPSS [22]. 
All data were expressed as mean ± standard deviation. Means of the 
fucose and means of the fucoidan yield were compared among the 
species and seasons in the same species group using Tukey’s Multiple 
comparison test in SPSS [22]. 

Results and Discussion
 Total yield of Fucoidan in dry weight (dw) averaged at 6.44±1.44% 
in Cystoseira barbata, 3.04±1.77% in C. copressa and 3.84±1.14% in 
Sargassum vulgare (Table 1). Mean Fucoidan yield of C. barbata was 
significantly greater than that C. compressa, however no significant 
difference was found between the mean Fucoidan yield of C. barbata 
and S. vulgare and C. compressa and S. vulgare (Table 1).

 The fucoidan yields of seaweed species recorded here are similar 
to that the values in Chotigeat et al. [23], Larsen [21] and Usov et al. 
[24]. Chotigeat et al. [23] reported a fucoidan content of 2.74±1.18% 
in dw in Sargassum polycystum, which compared favorably with Pel-
vetica canaliculata. Larsen (1978) reported a Fucoidan content of 
6-8% in dw in Ascophyllum nodusum, 9-11% in Fucus species, 5-20% 
in Laminaria sp., and 20% in dw in Pelvetia canaliculate. Usov et al. 
(2001) reported the fucoidan content of between 0.4 and 20.4% in dw 
in 25 different brown seaweed species and 7.7% in Fucus evanescens 
(Order Fucales).

 Mean Fucoidan yield in Cystoseira barbata was highest in spring 
and fall and lowest in winter (Table 2). Similarly, mean fucoidan yield 
in C. compressa was highest in spring and fall and lowest in winter 
(Table 2). In Sargassum vulgare, Mean Fucoidan yield was highest in 
fall and summer and lowest in winter (Table 2).

Figure 1: The map of study area.

Seaweed Species Mean*±SD Minimum Maximum

Cystoseira barbata 6.44a±1.44 4.14 8.56

Cystoseira compressa 3.04b±1.77 2.08 4.51

Sargassum vulgare 3.84ab±1.14 2.26 6.13

Table 1: Comparison of annual fucoidan yield (% dry basis, with mean and Standard 
deviation) of Cystoseira barbata, C. compressa and Sargassum vulg are (N=12).
* = Means with common superscript letters are not significantly different (P≤ 0.05); 
(a, b): comparison between seaweed species.
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 Chotigeat et al. [23] have also reported a seasonal variation in Fu-
coidan content in the seaweeds they examined, with the highest yields 
of Fucoidan found in fall.

 Addition to species and the season, the extraction method also is 
an important factor that has great effect on the Fucoidan yields of the 
sea weeds showed by Wang and Cheng [25]. In the study of Wang and 
Cheng it was found that the fucoidan content extracted using method 
I was 13.13% (of dry weight), 24.00% and 22.67% from Sargassum 
glaucescens, Sargassum horneri and Laminaria japonica, respective-
ly. By contrast, the fucoidan content extracted using method II was 
4.20%, 4.80% and 4.64% from S. glaucescens, S. horneri and L. ja-
ponica, respectively. The sample sex-tracted using method II were 
lower in total sugar content but higher in sulfated content than those 
extracted using method I. Using method II yielded the highest fucose 
content in S. Glaucescens (20.89%) and Hizikia fusiformis (15.89%).

Conclusion
 In this paper, the extraction, colorimetric determination of Fucose 
and Fucoidan yields from Cystoseira barbata, C. compressa and Sar-
gassum vulgare seaweed distributed along the coast of Urla (izmir, 
Turkey) has been successfully demonstrated. Results indicate that an-
nual mean content of Fucoidan was significantly different among the 
three seaweed species. For Fucoidan extraction, C. barbatawas better 
source than C. compressa and S. vulgare and the best period to harvest 
C. barbata was fall seasons (September, October and November). 

 Addition to the species and seasonal conditions, the extraction 
method has also a significant effect on the yields of Fucoidan. Consid-
ering of sulfate content of Fucoidans, it is supposed that the functional 
activity of fucoidans between the three species will be similar because 
sulfate is well-known factor of Fucoidan’s biological function. So, 
each species should be considered a good source for Fucoidan that 
has the activities against Hepatitis, Herpes and Human Immunode-
ficiency (AIDS) Viruses, Anticoagulant heparin inflammation, Cell 
proliferation and adhesion.

Acknowledgement
 Authors thank to Ege University Scientific Research Projects for 

providing funding for this work through grant BAP Project numbered 
2004-SUF-002. The authors are also grateful to Dr. Amir NEORI for 
valuable information and suggestions in the preparation of the man-
uscript and to Prof. Dr. Sukran CIRIK for identification of seaweed 
species of Cystoseira barbata, C. compressa and Sargassum vulgare.

References
1. McHugh DJ (2003) A guide to the seaweed industry. FAO Fisheries tech-

nical paper 441: 1-118. 

2. Ross AB, Jones JM, Kubacki ML, Bridgeman T (2008) Classification of 
macroalgae as fuel and its thermochemical behavior. Bioresource Technol-
ogy 99: 6494-6504. 

3. Anastasakis K, Ross AB, Jones JM (2011) Pyrolysis behavior of the main 
carbohydrates of brown macro-algae. Fuel 90: 598-607. 

4. Percival E, McDowell RH (1967) Variations in the carbohydrate content 
of algae. In: Chemistry and enzymology of marine algal polysaccharides. 
Academic Press, London, UK. 

5. O’Sullivan L, Murphy B, McLoughlin P, Duggan P, Lawlor PG, et al. 
(2010) Prebiotics from marine macroalgae for human and animal health 
applications. Mar Drugs 8: 2038-2064. 

6. Lordan S, Ross RP, Stanton C (2011) Marine bioactives as functional food 
ingredients: potential to reduce the incidence of chronic diseases. Mar 
Drugs 9: 1056-1100. 

7. Bhakuni DS, Rawat DS (2005) Bioactive metabolites of marine algae, fun-
gi and bacteria. In: Bhakuni DS, Rawat DS (eds.). Bioactive marine natural 
products. Springer, New York, USA. pg no: 1-25. 

8. Imbs TI, Krasovskaya NP, Ermakova SP, Makarieva TN, Shevchenko NM, 
et al. (2009) Comparative study of chemical composition and antitumor 
activity of aqueous-ethanol extracts of brown algae Laminaria cichorioi-
des, Costaria costata and Fucus evanescens. Russian Journal of Marine 
Biology 35: 164-170.

9. Wang J, Liu L, Zhang Q, Zhang Z, Qi H, et al. (2009) Synthesized oversul-
phated, acetylated and benzoylated derivatives of fucoidan extracted from 
Laminaria japonica and their potential antioxidant activity in vitro. Food 
Chemistry 114: 1285-1290. 

10. Mestechkina NM, Shcherbukhin VD (2010) Sulfated polysaccharides and 
their anticoagulant activity: A review. Applied Biochemistry and Microbi-
ology 46: 267-273. 

11. Ale MT, Meyer AS (2013) Fucoidans from brown seaweeds: an update on 
structures, extraction techniques and use of enzymes as tools for structural 
elucidation. RSC Advances 3: 8131-8141. 

12. Kusaykin M, Bakunina I, Sova V, Ermakova S, Kuznetsova T, et al. (2008) 
Structure, biological activity and enzymatic transformation of fucoidans 
from the brown seaweeds. Biotechnol J 3: 904-915. 

13. Skriptsova, AV (2015) Fucoidans of brown algae: biosynthesis, localiza-
tion and physiological role in thallus. Russion Journal of Marine Biology 
41: 145-156. 

14. Ellouali M, Boissonvidal C, Durand P, Josefonvicz J (1993) Antitumor 
activity of low molecular weight fucans extracted from brown seaweed 
Ascophyllumnodosum. Anticancer Res 13: 2011-2019. 

15. Berteau O, Mulloy B (2003) Sulfated fucans, fresh perspectives: struc-
tures, functions and biological properties of sulfated fucans and an over-
view of enzymes active toward this class of polysaccharide. Glycobiology 
13: 29-40. 

16. Ponce NM, Pujol CA, Damonte EB, Flores ML, Stortz CA (2003) Fucoid-
ans from the brown seaweed Adenocystis utricularis: extraction methods, 
antiviral activity and structural studies. Carbohydr Res 338: 153-165.

 
 
 

Species Seasons* Mean*±SD

C. barbata

Winterb* 4.79b±1.59

Springa 6.73a±1.53

Summerab 6.22ab±1.61

Falla 8.10a±1.60

C. compressa

Winterb 2.11b±1.02

Springa 3.58a±1.85

Summerab 2.94ab±1.37

Falla 3.55a±1.49

S. vulgare

Winterb 2.78b±1.21

Springab 3.59ab±1.19

Summerab 3.96ab±1.10

Falla 5.32a±1.24

Table 2: Comparison of seasonal Fucoidan yield (% dry basis, with mean and Stan-
dard deviation) of Cystoseira barbata, C. compressa and Sargassum vulgare (N=3).

*=Means with common superscript letters are not significantly different (P≤0.05); (a, 
b): comparison between seaweed species.
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