
are specific tropical seaweeds that are potential sources of alginates. 
Sargassum, a brown alga, appears to be the most promising. It is usually the 
most ecologically dominant species along tropical and subtropical coasts  
(Prince et al 1979) and plays a remarkable economic role as a source of 
alginates (Blanshard & Mitchell 2013). It is one of the commonly found 
brown macro algae in the Philippines, with 72 recorded species (Ortis & 
Tromo 2000). The abundance of these species in the country is an 
opportunity to improve their marketing form into more expensive and value 
added products. One of the ways to do this is to extract their important 
polysaccharides, specifically alginates.

Alginates are used as organoleptic additives and stabilizers to improve, 
modify, and stabilize the texture of food (Nalamothu et al 2014). The 
extraction process should use suitable methods to obtain high yield and 
good quality alginates. This can influence the yield and chemical 
composition as well as rheological properties of the isolated alginates 
(McHugh 2003, Hernandez-Carmona, Freile-Pelegrin & Hernandez-Garibay 
2013; Gomez et al 2009 as cited in Peteiro 2018). 

In order to determine the effect of numerous factors affecting the 
alginate extraction process, a screening design should be performed. 
According to Vanaja and Shobha (2008), a 'screening design' refers to an 
experimental design which can be applied when a large number of potential 
causative factors have to be examined, to identify the most important ones 
that may have an effect on one or more responses of interest. This will 
reduce the number of factors to be investigated in further experimentation. 
When there are many factors to be tested, the Plackett-Burman design is an 
excellent option, since it allows the understanding of the effects of various 
physico-chemical, biochemical, and sensory variables using a minimum 
number of experiments. Plackett-Burman is a design widely used in food 
research because it allows the screening of the main factors from a large 
number of variables that can be retained in the further optimization process 
(Siala et al 2012). The projective property of the Plackett-Burman design is 
that it allows the experimenter to follow up an initial design with runs that 
allow an efficent separation of main effects and interactions (Wass 1997; 
Nijhuis et al 1999; Plackett & Burman 1946; Yannis 2001 as cited in Siala et 
al 2012). 

Hence, this study explored the possibility of expanding the use of 
Sargassum, which is largely underused despite its abundance, to a more 
profitable value added form through the production of sodium alginate. 
Generally, this study aimed to extract and use sodium alginate from locally 
found Sargassum piluliferum; identify the effects of the different variables 
that influence the extraction of sodium alginate using Plackett-Burman 
design; and evaluate the physical and chemical characteristics (moisture  
content, ash content, pH, alginate purity, and percent yield) of the extracted 
sodium alginate.
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industry. Brown seaweeds such as Sargassum piluliferum are abundant in 
the Philippines and could be potential sources of alginates. The Plackett-
Burman screening was used as a tool to evaluate the importance of seven 
selected variables (formaldehyde solution, extractant ratio, Na CO  2 3
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precipitant), which influence the extraction process of sodium alginates. 
The main factors that affected the extraction of sodium alginates were 
extraction ratio, Na CO  concentration, and bleaching. Extraction ratio and 2 3

Na CO  significantly affected the production of sodium alginate by lowering 2 3

the level of extractant concentration and obtaining a positive effect in terms 
of its yield. Bleaching with NaOCl did not significantly affect the yield. 
However, it had a positive effect on the purity of the alginate which is an 
essential physico-chemical parameter that reflects the proportion of the 
target compound. These factors could be further optimized to extract high 
yield and good quality sodium alginate from Sargassum piluliferum.
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INTRODUCTION

Macro algae are interesting sources of different bioactive 
polysaccharides, the uses of which range from industrial to novel food 
applications. These possess many different and often exotic 
polysaccharides that are currently explored for their functional properties in 
food and biomedicine (Kraan 2012). Alginates are the most abundant 
polysaccharides present in brown seaweeds (Fernandez et al 2009). There 
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Figure 1. Process flow diagram of sodium alginate extraction

Experimental Design for Screening

The screening experiment used Plackett-Burman design to identify 
the most important factors that affected the sodium alginate extraction. 
Table 1 shows the design set-up for 7 variables having 8 runs, and Table 2 
shows the 7 variables-8 runs used in the experiment. 
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MATERIALS AND METHODS

Procurement of Materials

� The Sargassum piluliferum was procured from Higatangan Island, 
Biliran. The chemicals and reagents used were purchased from Far Eastern 
Drug and Yana Commodities in Cebu City, Philippines.

Preparation of Sargassum piluliferum

The Sargassum piluliferum underwent different preparation methods 
based on the defined variables used. Sargassum was dried in a cabinet drier 

0
for 8-10 hours at 60 C. Then it was milled to powder using a grinder. The 
powdered Sargassum was kept in a clean container, ready for use. 

Extraction Process of Sodium Alginate

The extraction of sodium alginate was done using different methods 
based on the concentration and temperature of extractants and conditions 
used. The Sargassum was soaked for 24 hours in 0.1% (Reyes et al 2005) 
and 0% formaldehyde solution and washed with distilled water. The 
leaching process was done by soaking Sargassum in 0.5 N HCl (Kasim et al 
2017) and 0.3 N HCl for 2 hours. Afterwards, it was washed with distilled 
water until the pH was neutral. It was then bleached using 100 mL 5% 
hypochlorite (NaOCl) for 30 minutes and washed with distilled water. It was 
extracted by heating with 7.5% (Zailanie 2015) and 3% (Mazumder et al 

0
2014) sodium carbonate (Na CO ) for 3 hours at a temperature of 90 C 2 3

0(Mazumder et al 2014) and 60 C (Mushollaeni 2011). Then, it was filtered 
with a fine mesh cloth and the filtrate was collected. The filtrate was washed 
three times with distilled water. It was slowly added with 10% HCl while 
stirring until pH 2 was attained. Alginic acid, characterized by the deposition 
in the form of gel, was obtained (Kasim et al 2017). The precipitated alginic 
acid was then collected and washed with distilled water. The alginic acid 
was added with 10% sodium carbonate (Na CO ) (Mushollaeni 2011) and 2 3

stirred until its pH reached less than 8 (Reyes et al 2005) and finally 
precipitated with 95% isopropanol (Zailanie 2015) and 94% ethanol 
(Mazumder et al 2014) to obtain a fiber sodium alginate. The sodium 
alginate precipitate was then filtered and dried in an oven at a temperature 

0of 45 C for 15 hours. Figure 1 shows the process flow diagram in extracting 
sodium alginate.
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Ash Content

The method used by Gholamipoor et al (2013) was followed in 
determining the ash content of the extracted sodium alginate. Five grams of 
sodium alginate sample was placed in a crucible and dried in an oven at 

0
105 C for 30 minutes. The dried sample was weighed again and then 

0
calcined in the furnace at 450 C for 3 hours. Calcined samples were cooled 
in a desiccator, and then weighed. The ash content was determined using 
the equation below:

pH Measurement

The pH measurement of the alginate was done by dissolving 0.5 g of 
0sodium alginate in 50 mL distilled water and heated at 60-70 C for 20 

minutes while stirring occasionally to make the solution uniform. This was 
allowed to cool. The pH of the alginate solution was measured using a 
HANNA digital portable pH meter HI 98108.

Alginate Purity Determination

The method of Hernandez-Carmona et al (1999) as cited by Reyes-
Tesnado et al (2005) was adopted in determining the purity of the alginate 
produced. One gram of calcium chloride was dissolved in 100 mL of 
methanol-water solution (40-60%).The resulting solution was added to 100 
mL of 0.5% alginate solution, while gently stirring. Then the precipitate was 
removed using a fine filter and then washed with 20-80% methanol-water 
solution. Second washing was done using 40-60% methanol-water solution. 

0
The precipitated alginate was dried in an oven set at 105 C for 2 hours. Then, 
the alginate was maintained in a desiccator for one hour and weighed. The 
alginate purity was computed using the formula:

Percent Yield

The yield of the extracted sodium alginate was computed using the 
formula:

Ash content (%) =
Weight of the dry algae

Weight of the ash
x 100

Alginate purity =
Weight of the initial alginate on dry basis

Weight of the precipitate
x 100

Yield of sodium alginate (%) =
Weight of milled seaweed

Weight of sodium alginate
x 100
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Table 1. Plackett-Burman Design for 7 variables using 8 runs

Table 2. Plackett-Burman 8-run design with 7 variables at high and low values 
used in the extraction of sodium alginate from Samu (Sargassum piluliferum)

Physico-Chemical Analysis

Moisture Content

The empty crucible (plain) with cover was first dried in an oven set at 
0105 C for 3 hours, then transferred to a desiccator for cooling. Afterwards, 

its weight was taken. This was repeated until a constant weight of the 
crucibles was obtained. About 3 g of the sodium alginate sample was 
weighed on a dish. Then, this was placed in an oven to dry for 3 hours at 

0
105 C. After drying, the crucible, partially covered with a lid, was placed in 
the desiccator for cooling. Its weight was taken and the moisture content 
was determined using the equation below:

where: 
W1 = weight (g) of the sample before drying 
W2 = weight (g) of sample after drying
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Run  A B C D E F G 

1 + + + - + - - 
2 + + - + - - + 
3 + - + - - + + 
4 - + - - + + + 
5 + - - + + + - 
6 - - + + + - + 
7 - + + - - + - 
8 - - - - - - - 

 

Extractant 
Ratio  

Formaldehyde 
Concentration  

(%)  

HCl Conc.  
(N)  

NA 2CO3 
Conc.  

(%)  

NA 2CO3 
Temp  
(

0
C)  

NaOCl 
concentration  

Precipitant  

40:1  0.1  0.5  7.5  60 unbleached  94% ethanol  

40:1  0.1  0.3  3 60 bleached  95% isopropanol  

40:1  0 0.5  3 90 unbleached  95%  isopropanol  
20:1  0.1  0.3  7.5  90 unbleached  95% i sopropanol  

40:1  0 0.3  7.5  90 bleached  94% ethanol  

20:1  0 0.5  7.5  60 bleached  95% i sopropanol  

20:1  0.1  0.5  3 90 bleached  94% ethanol  

20:1  0 0.3  3 60 unbleached  94% ethanol  

 

Moisture=
W1

W  - W1 2
x 100
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the other pigments. This is in contrast with the commercially available 
alginate, in which color treatment or bleaching was done to produce white 
alginates. Though bleaching was applied in the study as pre-treatment to 
the milled seaweeds, the percentage of the bleaching agent (NaOCl) used 
was not enough to produce a white end product. Bleaching with NaOCl does 
not significantly affect the yield because its primary purpose is to produce a 
white end product. However, it has a positive effect on the product's purity 
(Table 3) which is an essential physico-chemical parameter that reflects the 
proportion of the target compound. Results of the statistical analysis 
showed that the influence of HCl on the yield was at the maximum level, 
hence, pre-soaking with HCl was held constant at maximum level. HCl 
breaks down the cell walls of seaweed which will facilitate the dissolution of 
the cell wall to facilitate the extraction (Winarno 1990 as cited by Zailanie 
2015). Pre-soaking in HCl solution hydrolyzed the alginofit cell walls, 
reduced impurities, and made the alginate easier to extract (Mushollaeni 
2007; Truss et al 2001). Hence, bleaching with NaOCl was the variable 
considered for optimization.

Figure 2. Samples of sodium alginate from each run in Plackett-Burman

Effect of Na CO  Concentration, Extractant Ratio, Temperature and 2 3

Precipitant

Statistical analysis results showed that the variables, namely: Na CO  2 3

concentration, extractant ratio, temperature, and precipitant, greatly 
affected the alginates' moisture and ash content. All the treatments 
conformed to the standard moisture value of alginate which is <15% (Food 
and Chemical Codex 1993). On the other hand, the variability in the ash or 
mineral content of the alginates was due to the different treatments and 
purification process used (Jayasinghe et al 2016). 

In this study, the effect of sodium carbonate concentration and 
extractant ratio significantly affected the yield of the sodium alginate. It was 
evident that a lower level of extractant concentration produced a positive 
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Statistical Analysis

The result of the physico-chemical tests from the Plackett-Burman 
design was analyzed using Statistica 8.0 software to determine the 
variables which significantly affected the sodium alginate extraction 
process.

RESULTS AND DISCUSSION

Variable Screening

The results of the variable screening showed the effect of the seven 
variables on yield, moisture content, ash content, pH, and purity of the 
extracted sodium alginate. Results indicated that the variables having the 
most number of significant effects were extractant ratio and Na CO2 3 

concentration. The variables with the least number of significant results 
were formaldehyde solution, HCl concentration, extraction temperature, 
bleaching, and precipitant (Table 3).

Table 3. Summary of the effects of different parameters on the extraction of 
sodium alginate using Plackett-Burman design

Effect of Formaldehyde, HCl, and NaOCl

Formaldehyde concentration, HCl concentration, and bleaching with 
NaOCl were the pre-extraction parameters used in the variable screening. 
The method used in extracting sodium alginate from Sargassum piluliferum 
resulted in solid, fibrous (unmilled), brown alginates (Figure 2). In a similar 
study conducted by Indrani and Budianto (2013), alginate powder produced 
by S. crassifolium was dark brown, which was probably a reflection of 
fucoxanthin pigment often contained in certain algae that probably covered 

60

Parameters  

Parameter  Yield (%)  pH Moisture Content 
(%)  

Ash Content (%)  Purity 
(%)  

Mean/Interc.  17.23  10.26  15.90  67.18  81.80  
Extractant Ratio  13.77**  0.08

ns
 -8.02

**
 -24.98

**
 5.04

**
 

Formaldehyde 
Sol.  

-1.82
ns

 -
0.08

ns
 

-4.69
**

 -4.94
**

 -0.10
ns

 

HCl Conc.  0.43
ns

 -0.41
*
 -4.83

**
 34.20

**
 0.32

ns
 

Na2CO3 Conc.  -10.62
**

 0.01
ns

 -5.54
**

 -4.91
**

 -7.41
**

 
Extraction Temp.  0.05

ns
 0.23

ns
 -4.79

**
 -26.51

**
 2.10

ns
 

Bleaching  3.56
ns

 0.11
ns

 -2.82
*
 -2.58

**
 17.61

**
 

Precipitant  8.32
**

 0.38
ns

 -3.19
*
 -25.89

**
 -3.70

ns
 

ns not significant (p=0.05) *significant(p≤0.05) **significant (p≤0.01)  
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the other pigments. This is in contrast with the commercially available 
alginate, in which color treatment or bleaching was done to produce white 
alginates. Though bleaching was applied in the study as pre-treatment to 
the milled seaweeds, the percentage of the bleaching agent (NaOCl) used 
was not enough to produce a white end product. Bleaching with NaOCl does 
not significantly affect the yield because its primary purpose is to produce a 
white end product. However, it has a positive effect on the product's purity 
(Table 3) which is an essential physico-chemical parameter that reflects the 
proportion of the target compound. Results of the statistical analysis 
showed that the influence of HCl on the yield was at the maximum level, 
hence, pre-soaking with HCl was held constant at maximum level. HCl 
breaks down the cell walls of seaweed which will facilitate the dissolution of 
the cell wall to facilitate the extraction (Winarno 1990 as cited by Zailanie 
2015). Pre-soaking in HCl solution hydrolyzed the alginofit cell walls, 
reduced impurities, and made the alginate easier to extract (Mushollaeni 
2007; Truss et al 2001). Hence, bleaching with NaOCl was the variable 
considered for optimization.

Figure 2. Samples of sodium alginate from each run in Plackett-Burman

Effect of Na CO  Concentration, Extractant Ratio, Temperature and 2 3

Precipitant

Statistical analysis results showed that the variables, namely: Na CO  2 3

concentration, extractant ratio, temperature, and precipitant, greatly 
affected the alginates' moisture and ash content. All the treatments 
conformed to the standard moisture value of alginate which is <15% (Food 
and Chemical Codex 1993). On the other hand, the variability in the ash or 
mineral content of the alginates was due to the different treatments and 
purification process used (Jayasinghe et al 2016). 

In this study, the effect of sodium carbonate concentration and 
extractant ratio significantly affected the yield of the sodium alginate. It was 
evident that a lower level of extractant concentration produced a positive 
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Statistical Analysis

The result of the physico-chemical tests from the Plackett-Burman 
design was analyzed using Statistica 8.0 software to determine the 
variables which significantly affected the sodium alginate extraction 
process.

RESULTS AND DISCUSSION

Variable Screening

The results of the variable screening showed the effect of the seven 
variables on yield, moisture content, ash content, pH, and purity of the 
extracted sodium alginate. Results indicated that the variables having the 
most number of significant effects were extractant ratio and Na CO2 3 

concentration. The variables with the least number of significant results 
were formaldehyde solution, HCl concentration, extraction temperature, 
bleaching, and precipitant (Table 3).

Table 3. Summary of the effects of different parameters on the extraction of 
sodium alginate using Plackett-Burman design

Effect of Formaldehyde, HCl, and NaOCl

Formaldehyde concentration, HCl concentration, and bleaching with 
NaOCl were the pre-extraction parameters used in the variable screening. 
The method used in extracting sodium alginate from Sargassum piluliferum 
resulted in solid, fibrous (unmilled), brown alginates (Figure 2). In a similar 
study conducted by Indrani and Budianto (2013), alginate powder produced 
by S. crassifolium was dark brown, which was probably a reflection of 
fucoxanthin pigment often contained in certain algae that probably covered 
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Parameters  

Parameter  Yield (%)  pH Moisture Content 
(%)  

Ash Content (%)  Purity 
(%)  

Mean/Interc.  17.23  10.26  15.90  67.18  81.80  
Extractant Ratio  13.77**  0.08

ns
 -8.02

**
 -24.98

**
 5.04

**
 

Formaldehyde 
Sol.  

-1.82
ns

 -
0.08

ns
 

-4.69
**

 -4.94
**

 -0.10
ns

 

HCl Conc.  0.43
ns

 -0.41
*
 -4.83

**
 34.20

**
 0.32

ns
 

Na2CO3 Conc.  -10.62
**

 0.01
ns

 -5.54
**

 -4.91
**

 -7.41
**

 
Extraction Temp.  0.05

ns
 0.23

ns
 -4.79

**
 -26.51

**
 2.10

ns
 

Bleaching  3.56
ns

 0.11
ns

 -2.82
*
 -2.58

**
 17.61

**
 

Precipitant  8.32
**

 0.38
ns

 -3.19
*
 -25.89

**
 -3.70

ns
 

ns not significant (p=0.05) *significant(p≤0.05) **significant (p≤0.01)  
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Na CO  concentration and NaOCl concentration as important factors in 2 3

sodium alginate extraction. To produce sodium alginate with highest quality 
and yield, these factors should be optimized. Values for Na CO  2 3

concentration at low level and at high level extractant ratio showed a 
positive effect, whereas NaOCl showed a negative effect on yield, pH, 
moisture, and ash content, but showed a positive effect on purity at 
maximum level.

Optimization of extractant ratio, Na CO concentration, and NaOCl 2 3 

concentration is suggested to produce the best quality sodium alginate 
from Sargassum piluliferum.
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effect in terms of its yield. This result is supported by the study of Chou and 
Chiang (1976) as cited by Haerunnisa (2008) which suggested that high 
concentrations of Na CO (3% to 5%) reduced yield and viscosity of sodium 2 3 

alginates because the polymer chains of alginic acid degrades into 
oligosaccharides. 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, Na CO  is a specific solvent to extract alginates from brown 2 3

seaweed. The maximum level of extractant ratio was also set for 
optimization since it significantly affected the yield of extracted alginates. 
Therefore, extractant ratio, Na CO  concentration, and % NaOCl were the 2 3

three variables considered in determining the optimum condition in 
producing sodium alginate.

Results showed that the extraction temperature had no significant 
effect on the yield of the alginates. It was evident that at high temperature, 
the yield increases. Mohamed (2017) states that high temperature 
increases the yield of extraction. However, high temperature can also lead 
to the breakdown of uronic acid chains, and, consequently, lower the 
viscosity of the extracted sodium alginate (Swee-Yong et al 2009). Hence, a  

0temperature of 60 C was held for optimization. Statistically, 95% 
isopropanol showed a positive effect in terms of yield, which is in 
accordance with the study conducted by Mairamo (1977), Yunizal et al 
(1999), and Yani (1998) as cited by Mushollaeni (2011) in which a 75 to 95 % 
concentration of isopropanol was the finest concentration to get a higher 
yield of sodium alginate. Moreover, Mushollaeni (2011) states that the use 
of 95% isopropanol could increase the yield because of its ability to bind 
water in the alginate solution so that sodium alginate could be separated. 
Hence, for optimization, 95% isopropanol was used as precipitant.

Results showed that the alginate extraction process can influence the 
yield and chemical composition as well as rheological properties of the 
isolated alginates (McHugh 2003; Hernandez-Carmona G et al 2013; 
Gomez et al 2009). Thus, optimization of the process is necessary to 
maximize the extraction of sodium alginates from Sargassum piluliferum.

CONCLUSION AND RECOMMENDATIONS

The variable screening Plackett-Burman was used to identify the 
variables that significantly affected sodium alginate extraction. A 7-
variable, 8-run screening experiment was conducted with the following 
variables: formaldehyde solution, extraction ratio, Na CO  concentration, 2 3

HCl concentration, extraction temperature, bleaching, and precipitant. The 
mean results of the physicochemical analysis, namely: yield with 17.23%, 
10.2 pH value, moisture content of 15.90%, ash of 67.18% ash content, and 
purity of 81.80% were significantly influenced by the extraction ratio, 
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