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ABSTRACT 

 
Individual effects of sodium carbonate concentration and temperature on the yield and quality 

characteristics of Alginate extracted from brown seaweed Sargassumsp. had been studied previously, but their 
combined effects have not been reported. This study investigated the effect of Na2CO3 concentration (2%, 4%, 
6% w/v) in combination with extraction temperature (50 oC, 60 oC, 70 oC) on the yield and Alginate physical-
chemical properties including moisture content, pH, and viscosity. Sargas sum sp. collected from coastal area 
ofTakalar, South Sulawesi of Indonesia was extracted either by acid or calcium methods to isolate the Alginate 
sodium using those various concentration of Na2CO3and temperature. The result showed that the effect of 
different Na2CO3 concentration by different temperature treatment was less significant toward alginate 
quality. The highest yields of alginate were obtained at the extraction process of 60 oC with an addition of 2% 
w/v Na2CO3 both by the acid method (35.17%±4.1) and calcium method (36.55%±0.06). Identification of 
extracted alginate by chemical reagents showed the positive results and identification using FT-IR indicate an 
identical spectrum between extracted alginate andthe standard. 
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INTRODUCTION 
 

South Sulawesi, one of the provinces in Indonesia, is known to have large number of freely lived 
brown seaweed including Sargassum sp.(Phaeophyceae)on its ocean [1]. Sargassum sp. widely used as a 
source of alginate sodium production due to their high content of alginate compare to Turbinaria sp [2]. 
Alginate is widely used in the pharmaceutical industry in the form of sodium alginate for oral and topical 
products due to its thickening properties to form gel or coating film [3].  

 
Alginate extracted from Sargassum sp vary depends on several factors such as environmental 

conditions of cultivation and extraction process [4]. Generally, Alginate from Sargassum sp was extracted using 
acid or calcium method with various types of solvent and condition. Different concentrations of Na2CO3 used 
during extraction process have been found to affect the chemical composition and physical characteristics of 
alginate. Similarly, the extraction temperature gave a significant influence on the yield and characteristics of 
Alginate. Putrision (2013) studies proved that the concentration of Na2CO3gave a significant effect on the yield 
of extracted Alginate sodium whereas the highest yield obtained using 6% of Na2CO3 [5]. Furthermore, 
Pamungkas T.A et al (2013) investigated that an increase in temperature simultantly increased the yield of 
alginate extracted although the water content and viscosity value of the alginate decreased [6]. There were 
evidences available reported that the extraction temperature of 60oC was better than 40 oC, 50 oC and 70 oC for 
the extractability and quality of extracted sodium alginate [7]. However, the influence of the combination of 
Na2CO3 level at a range of temperatures (40, 50, 60 and 70oC) on the yield and physycochemical properties of 
the alginate  has not evaluated yet. Therefore, the main objective of this present work was to examine the 
effect of extraction conditions Na2CO3concentration and extraction temperature) in extracting alginate sodium 
compound from Sargassum sp. by measuring the yield and some Quality parameters i.e moisture content, 
viscosity and pH. 
 

MATERIALS AND METHODS 
 

Seaweed material 
 

Brown seaweed Sargassum sp. was harvested/collected from coastal area of Takalar district, South 
Sulawesi, Indonesia and washed thoroughly with freshwater to remove epiphytes and salt. Sargassum sp. were 
dried on direct sunlightfor 2 days and placed in oven at 60 °C until the moisture content were below 10%. Then 
they were stored at18oC until further analysis.  
 
Acid method of alginate extraction 
 

This research was conducted at the Laboratory of Pharmaceutical Chemistry and Biofarmaka 
Laboratories Research Centre of Hasanuddin University, Makassar, Indonesia. Alginate extraction used general 
method as describe elsewhere [9] with some modification. Shortly, 10 g of dried seaweeds were ground then 
soaked in 300 ml HCl  0.5 N for 1 hour. Furthermore, they were washed with running water until the pH 
became neutral. Extraction used solution of Na2CO3 2%, 4%, 6% (1:30) w/v and were heated at 50°C, 60°C, 
70°C for 1.5 hrs on a magnetic stirrer. The extract was filtered then the filtrate was immersed in NaOCl 4% at 
10% of the volume of the filtrate for 15 minutes. Further, 10% HCl was added until the formation of alginic 
acid. Alginic acid was separated and washed. Gel shaped of Alginic acid were added 10% NaOH to reach pH of 
8-9 for sodium alginate formation. Sodium alginate on the mixture was separated using isopropyl alcohol (2:1) 
with constant stirring to form the fiber shape. The fibers are then dried in an oven at a temperature of 48oC for 
four days. Once dried, the fibers were ground and sieved with 60 mesh to obtain sodium alginate powder.  
 
Calcium method of alginate extraction  
 

Alginate extraction used general method as describe elsewhere [9] with some modification. Shortly, 
10 g of dried seaweeds were ground then soaked in 300 ml HCl  0.5 N for 1 hour. Furthermore, they were 
washed with running water until the pH became neutral. Extraction used solution of Na2CO3 2%, 4%, 6% (1:30) 
w/v and were heated at 50°C, 60°C, 70°C for 1.5 hrs on a magnetic stirrer. Then filtered by the filter cloth and 
the filtrate was taken.The filtrate was put into a solution of 10% CaCl2 to form a precipitated calcium alginate 
while stirring. Calcium alginate formed is then filtered and washed with distilled water. Then sodium 
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hypochlorite (NaOCl) 4% of 100 mL was added to precipitate calcium alginate for 30 minutes and then 
filtered.Calcium Alginate was added HCl 10% slowly while stirring until alginic acid obtained characterized by 
deposition in the form of gel. When the conversion to alginic acid, pH was adjusted to less than 2. The 
precipitated alginic acid was then separated and washed.Alginic acid were added Sodium Carbonate (Na2CO3), 
stirring until pH <9. After reaching a pH <9, then Isopropanol 95% was added to obtain a fiber Sodium Alginate 
while stirring until no more precipitate formed. Sodium alginate precipitate was then filtered and dried in an 
oven at temperature of ±50 °C until dried. Further, sodium alginate was blended to obtain Sodium Alginate 
powder. 
 
Quality Testing of Sodium Alginate 
 

The yield of sodium alginate obtained from the extraction method of calcium and acid method were 
quantified. The identification of extracted alginate was tested with chemical reagents and IR 
spectrophotometry (Shimadzu® IRPrestige-21 FTIR-8400S). The quality properties was measured in term of 
moisture content (Memmert®), pH (Sartorius®), and viscosity (Viscometer Brookfield VM-BF-RV-01). 
 
Experimental Analysis 

 
Data obtained from variations in temperature extraction and concentration of Na2CO3 were statistically 

analyzed using two way ANOVA repeated measurement (GraphPad Prism 5.0, GraphPad Software, La Julla, 
California). Data are presented as mean ± SD. P value ˂0.05 indicates significance. 
 

RESULTS AND DISCUSSION 
 

In this study, the highest yield value was obtained using acid method at a temperature of 60oC and 
concentration sodium carbonate of 2% was 35.17%±4.1 while the calcium method obtained 36.55%±0.06 of 
Na. Alginate (graph.1 and 2). The color of Na. alginate powder obtained were brownish yellow to brown. The 
water content generated in this study meets the standards by which the alginate water content <15%. The 
amount of moisture is allowed in the sodium alginate ranges between 5% - 20% The color and moisture 
content of Na. alginate were in compliance with industrial and pharmaceutical grade specifications. 

 
In general, there was a positive correlation between high temperature of extraction and the high yield of 

Na. alginate produced. However, at some point of high temperature, the degradation of the alginate structure 
decreases the yield. This result support the study by Jayanuddin et al (2014), who obtained the greatest yield 
of sodium alginate used acid extraction method were at temperature of 60oC compare to 50oC and 70oC[10]. In 
contrast with temperature, higher concentration of Na2CO3 used produced lower yield value of sodium 
alginate ectarcted. Chou and Chiang (1976) in Haerunnisa (2008) suggested that high concentrations of Na2CO3 
(3% to 5%) reduced yield and viscosity of Na. alginate because the polymer chains of alginic acid degrades into 
oligosaccharides [11,12]. In addition, pectin, the adhesive material between the cell walls of brown seaweed, is 
unstable in alkali solution. It creates a network in the cells of Sargassum sp. to facilitate alginate release. 
Therefore, Na2CO3is a specific solvent to extract alginates from brown seaweed.In this study, the effect of 
temperature extraction and concentration of sodium carbonate did not significantly affect the yield of Na. 
alginate. But the trend of the graph showed a difference in the group of Na2CO3 concentration of 2% to 6%. 
Therefore, the Independent T Test was analyse to see any significant mean difference between the two groups 
in this case the average yield on Na2CO3 concentration of 2% to 6%. The results indicates the yield (% w / w) 
concentration of Na2CO3 2% vs 6%, has a significant difference (Graph. 2 & 4). 

 
The results showed viscosity values of variation Na2CO3 concentration of 2%, 4% and 6% (w / v) at a 

temperature of 50oC and 60oC extraction was 16 cP, while the concentration of 4% Na2CO3 at 60°C was 18 cP. 
Temperature 70oC in combine with Na2CO3 concentration of 4% and 6% showed viscosity of 20 cP value except 
at 2% Na2CO3 concentration which resulted 16 cP. Based on the results, there was no significant effect of 
extraction temperature and Na2CO3 to the viscosity grades of sodium alginate.According to McHugh (1987), 
the length of the polymer chain determines the quality of alginate. The longer the chain is concomitantly 
resulting greater molecular weight and its viscosity value. The higher the temperature of extraction process 
decreases the viscosity as the result of long chain polymers. These results were supported by Chou and Ciang 
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(1976) which states that Sargassum sp. provides products of alginate with low viscosity. However, the viscosity 
value still meet the specification of alginate in which 1% solution had a viscosity of 10-500 cP [13,15]. 

 
Based on the research results that pH of 7.75 to 8.59 obtained at 1% solution of Na.alginate is suitable for 

industrial and pharmaceutical grade (pH 3.5 to 10). pH of the current alginate apparently was influenced by 
the addition of sodium hydroxide during the process of conversion of alginic acid to sodium alginate. Although 
graph showed different pattern (Graph. 7 & 8), but the statistic analysis showed that the temperature and the 
sodium carbonate concentration did not affect the pH of Na. alginate.  
 

 
Graphic 1. The effect of temperature and Na2CO3 Concentration to the yield value of Na. alginate extracted using acid 

method 
 
 
 

 
 

Graphic 2. The effect of temperature and Na2CO3 Concentration to the yield value of Na. alginate extracted using calcium 
method 
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Graphic 3. The effect of temperature and Na2CO3 Concentration to the Moisture content of Na. alginate extracted using 
acid method 

 
 
 
 
 

 
Graphic 4. The effect of temperature and Na2CO3 Concentration to the Moisture content of Na. alginate extracted using 

calcium method 
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Graphic 5. The effect of temperature and Na2CO3 Concentration to the Viscosity of Na. alginate extracted using acid 
method 

 
 
 

 
 

Graphic 6. The effect of temperature and Na2CO3 Concentration to the Viscosity of Na. alginate extracted using calcium 
method 
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Graphic 7. The effect of temperature and Na2CO3 Concentration to the pH of Na. alginate extracted using acid method 
 
 

 
Graphic 8. The effect of temperature and Na2CO3 Concentration to the pH of Na. alginate extracted using calcium 

method 

 
CONCLUSIONS 

 
a. Sodium carbonate concentration had a significant effect on yield value and moisture content but had 

not significant effect on pH and viscosity while the extraction temperature had significant effect on 
water levels, but had not significant effect on yield value, pH, and viscosity of Na. alginate extracted 
from Sargassum sp.. 

b. The best treatment to produce yield value and optimum viscosity is at the temperature of 600C with 
concentration sodium carbonate of 2%. 
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