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Abstract 

 

Introduction 
The brown alga Sargassum is usually the ecologically  
dominant species along tropical and subtropical coasts [1]. 
These algae are also found along the southern coasts of 
Iran and they play a remarkable economical role, used 
mainlyas source of alginate, a cell wall polysaccharide of 
brown seaweed with several industrial uses [2]. The  
quantity and quality of the alginates depend on the algae 
species, the type and age of the tissues used for alginate 
extraction [3]. Alginate is the major structural polysaccha-
ride found in brown seaweeds (Phaeophyceae), that they 
constitute a family of linear copolymers of (1→4) α-L-
guluronic acid (G) and (1→4) β-D-mannuronic acid (M) 
units (Fig. 1) [4, 5].  
 

 

 
Figure 1. Alginate structural data: (A) alginate monomers (M 
versus G); (B) the macromolecular conformation of the alginate 
polymer; (C) chain sequences [18]. 

 
The biological source, growth, and stationary conditions 
are three important factors that they can be effective in the 
chemical composition and sequence of M and G units  
[4, 6]. Sodium alginate is a water-soluble polymer that it 
can ablethe gel formation in the presence of polyvalentca-
tions, such as Ca2+ [7], although, gel properties depend on 
block structures (including M and G units) and the poly  
(β-D-mannuronate)/poly (α-L-guluronate) or M/G ratio. 
The lower the M/G ratiois caused stronggelation through 
the formation of "egg-box" structures by the poly  
(α-L-guluronate) blocks which strongly chelate Ca2+  

(Fig. 2) [5, 8]. 
 
 

 

 
Figure 2. The “egg-box” structural model by the calcium-
induced gelation of alginate [19]. 
 
Alginates were extracted from brown seaweed during  
several decades in order to obtain high yields and a  
controlled molecular weight for different applications  
[9, 10]. In this study, we investigated the different methods 
of alginate extraction and purified them with acetone. 

The alginate was extracted with six different methods from Iran south seacoast 
algae, Sargassum sp, and the percentage yield of alginate was determined. We  
divided our methods to two groups including acidic extraction and non-acidic. In 
acidic methods, HCL and H2SO4 were used as a detergent in extraction process and 
CaCl2 was exerted in non-acidic treatments. All treatments compared with each 
other and indicated an increasing in alginate yield when different methods used 
EDTA in extraction process. Finally, the main characteristics of sodium  
alginate were realized with FT-IR and H-NMR.  
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Then sodium alginates obtained from Sargassum collected 
from southern coasts of Iran, were analyzed and characte-
rized by FT-IR and H-NMR. Finally, the characteristic  
properties of extracted sodium alginates from different 
methods were studied and compared with each other. 
 
Materials and Methods 
Algae collection 
Brown algae were collected from Persian Gulf in south 
coast of Iran. The species were in family Sargassaceae: 
Sargassum sp (SRG) (genus Sargassum). The crude algae 
are washed in distilled water, dried over night at 40-45ºC 
in an oven. The dry weights were gained after drying 
overnight at 105°C and the ash percentages were  
determined after burning the samples overnight at 400-
450°C. 
Extraction of alginate 
CaCl2 route (I) 
The samples (2 g) were suspended in 2% CaCl2 for 2 h, 
washed with deionized water and treated with 40%  
formaldehyde for 2 h to cross-link phenolic compounds. 
Alginate was extracted according to the method of Haug et 
al., [3]. The samples were then washed three times with 
deionized water and the alginate was extracted by addition 
of an aqueous solution of 3% Na2CO3 for 48 h. In other 
treatment, samples were also suspended in mixture of 
Na2CO3 1 M and 0.5 g of EDTA and the pH of the suspen-
sion adjusted to pH 11. This was then filtered through 
muslin cloth and precipitated in ethanol as sodium salt. 
The precipitate was separated by centrifugation and dried 
overnight at 60°C. The yield of alginate was expressed as 
percentage/dry weight. 
HCl route (II) 
The samples (2 g) of dry seaweed were moistened by  
addition 40% formaldehyde for 2 h to cross-link phenolic 
compounds. The samples were washed three times with 
deionized water and then a 0.1N HCl aqueous solution was 
added for 24 h, following a similar extraction method  
reported by Haug et al., [3]. After washing, the moistened 
seaweed was placed in a beaker with Na2CO3 1N solution 
(pH: 11) for 48 h. In other treatment, samples were also 
suspended in mixture of Na2CO3 1 M and 0.5 g of EDTA. 
This was then filtered through muslin cloth and precipi-
tated in ethanol as sodium salt. The precipitate was  
separated by centrifugation and dried overnight at 60°C. 
The yield of alginate was expressed as percentage/dry 
weight. 
H2So4 route (III) 
The samples (2 g) of dry seaweed were moistened by  
addition 40% formaldehyde for 2 h to cross-link phenolic 
compounds. The samples were washed three times with 
deionized water and then a 1% H2So4 aqueous solution 
was added for 24 h. After washing, the moistened seaweed 
was placed in a beaker with Na2CO3 1N solution (pH: 11) 
for 48 h. In other treatment, samples were also suspended 
in mixture of Na2CO3 1 M and 0.5 g of EDTA.  
This was then filtered through muslin cloth and precipi-
tated in ethanol as sodium salt. The precipitate was  
separated by centrifugation and dried overnight at 60°C. 

The yield of alginate was expressed as percentage/dry 
weight. 
Purification of sodium alginate extracts 
Sodium alginate was purified according to the method of 
Gomez et al., [11]. Aqueous solution of sodium alginate 
obtained in the extraction step was directly precipitated, 
under stirring, by addition of ethanol until reaching a  
proportion 1:1 in volume, respectively. Thus, the insoluble 
polymer was separated and then exhaustively washed with 
acetone by sox let for 100 h. Finally, the biopolymer was 
dried at room temperature under vacuum until constant 
mass. 
Moisture Content 
Moisture content of sodium alginate was obtained by using 
Omar et al., [12] method. About 1 g sodium alginate  
prepared above was accurately weighed and dried in a  
vacuum oven at 70°C for 24 hours. The sample was  
allowed to cool to room temperature in a vacuum desicca-
tor and re-weighed. Moisture content of the alginate  
sample was determined from the weight difference and 
expressed as percentage of original weight. 
FT-IR 
Fourier-transform IR (FT–IR) studies of samples were 
carried out using a FT-IR spectrophotometer from Alpha-
Centauri (Nicolet Avatar 360 FTIR) to identify the  
functional groups. The dry sample was mixed with  
potassium bromide and pressed into plate for measure-
ment. The FT-IR spectrum was then recorded. 
Chemical analysis by NMR 
Chemical composition of sodium alginates extracted and 
purified from Sargassum Sp. is recorded by NMR spectra. 
The freeze-dried sodium alginates were dissolved in D2O 
with a concentration 6 g/L and dried several times prior to 
NMR spectrum acquisition. H-NMR experiments were 
performed using a Bruker AC-300 (Germany) spectrome-
ter. Calibration was performed using the signal of the  
residual protons of the solvent as a secondary reference. 
Deuterium oxide was obtained from SDS (Vitry, France). 
Results and Discussion 
Brown seaweeds (Sargassum sp.) from Persian Gulf coast 
(Iran) were collected for extraction and purification of  
sodium alginate. The products were extracted by three 
ways, named CaCl2 (I), HCl (II), and H2So4 (III) route. 
After that, the soluble polymer diffuses out of the seaweed 
under basic conditions, and then it is purified by acetone 
way (Fig. 3).  
 

 

 

Figure 3. Schematic presentation from final product of alginate 
sodium. 
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The final products were analyzed and their chemical  
compositions as well as physical properties were com-
pared. 
Dry weight of sodium alginate 
The yields of alginate obtained from algae harvested at the 
south sea coast of Iran (Sargassum sp.) reached amax-
imum in CaCl2 (I) routes and minimum in acidic routes. 
These ranged from 12% to 16.5% in acidic routes and 25% 
to 30% in the CaCl2 (I) routes (Fig. 4). 
 
 

 

 
Figure 4. Percentage yield of sodium alginates obtained from 
extraction different methods. 
 
We have found that, in absence of EDTA, the alginate 
yield is lower (4.5-5%), although, the presence of EDTA 
in all routes of extraction had the positive effective in dry 
weight of sodium alginate. 
The yields of alginate from the CaCl2 route (I) combined 
with EDTA of brown algae is in the same order of magni-
tude, around 30% that Chee et al., [13] and Mafra and 
Cunha, 2006 [14] reported on different Sargassum. In fact, 
technique used for isolation can be effective in the yields 
of alginate; especially, we have found that, in presence of 
EDTA, the alginate yield is higher (4.5-5%). In addition, 
studied results on the other brown algae collected from 
Madagascar [15] or Macrocystis pyrifera collected on  
Patagonian Argentine coast [11] were in agreement with 
these values. 
Moisture content of sodium alginate 
Figure 5 shows the percentage of moisture content of  
alginates extracted from the seaweeds samples by different 
methods mentioned above. Values pattern obtained for 
alginate moisture is the same in CaCl2 route (I) and HCl 
route (II), although, it is vice versa in H2So4 route (III). It 
means that alginate obtained from extraction methods 
combined with EDTA had lower moisture content in CaCl2 
route (I) and HCl route (II), but this rate is high in H2So4 
route (III) without EDTA (19.1) than this method  
combined with EDTA (16.9). There was no significant 
difference in the moisture content of alginate extracted in 
these methods. 
The dry brown algae collected were analyzed for dry 
weight and ash percentage (Table 1). We observed high 
figures for ash in all treatments of extraction.  

 

 
Figure 5. Percentage moisture content of alginates from  
extraction different methods. 
 
The algae harvested from Egyptian Red Sea coast con-
firmed this characterization [16] and explained that the 
extensive washing is not effective for some of species con-
tained calcareous animals. This rate was the high at CaCl2 
(I) route than other routes, although, it is non-significant. 
FT-IR 
FT–IR spectrum of sodium alginate is given in Figure 6. 
As the alginate is a carbohydrate, the characteristic peaks 
of alginate appeared at 3429, 1630 and 1428 cm−1,  
corresponding to hydroxyl (OH), carbonyl (C=O) and  
carboxyl (COOH), respectively. However, the peaks are 
shifted; the carboxyl groups of alginate are shifted from 
1428 to 1448 cm-1. Our results indicated that these three 
peaks were appeared in FT–IR spectrum obtained from 
sodium alginate extracted from brown alga Sargassum sp. 
localized in the southern of Iran. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. FT-IR analysis of sodium alginate extracted from 
brown alga Sargassum sp. localized in the southern of Iran. 

 
H-NMR spectroscopy 
The chemical composition of the extracted sodium alginate 
was determined using H-NMR spectroscopy (Fig. 7).  
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Figure 7. H-NMR spectra of the sodium alginates from brown 
algae Sargassum sp. localized in the southern of Iran. 
 
We have assigned the signal at 4.95 or 5 ppm corresponds 
to the H-1 of guluronic units (H-1-G), whereas the H-5 of  
guluronic units in GGblock (H-5-GG) appears at 4.31 
ppm, and the large signal between 4.45 and 4.7 ppm  
belongs to H1 of mannuronic units and H5 of guluronic 
units in GM moieties (H-1-M+H-5-GM) as assigned pre-
viously [17]. 
 
 
Table 1. Analysis of dry weight and ash percentage from the dry 
brown algae Sarggasum sp. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion 
In this paper, characterization related to brown algae  
Sargassum sp. localized in the southern of Iran was  
realized. The different methods of sodium alginate fractio-
nation from Sargassum sp. were evaluated. Our data has 
been shown that EDTA treatment in extraction different 
methods of sodium alginate of mature Sargassum sp.  
increased the rate of alginate (30% W). In total, alginates 
obtained from acidic methods had a lower molecular 
weight average than that from non-acidic methods. These 
studies also showed that Sargassum sp. which is found in 
abundance in southern regions waters of Iran, could be-
come a commercial source of alginate. 
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