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Abstract. Sargassum sp. is a type of seaweed that produces a high enough amount of alginate. 

Alginate is a natural anionic polysaccharide derived from the cell wall of seaweed. Alginate has 

several advantages such as sodium tripoliphospat, commonly used as one of the ingredients for 

meatballs. The purpose of this study was to identify brown algae used as samples, find out how 

to extract alginate, find out the quality of alginate produced, and apply alginate to the 

manufacture of tuna meatballs. The results showed that the sample of seaweed used was 

Sargassum polycystum. Alginate extraction process was done using Le-Gluahec-Herter method 

with ten stages of process. The resulting sodium alginate had a moisture content of 9.61%, ash 

content of 22%, pH level of 9.4 and a viscosity of 50 Cp. The character of the results met the 

1981 Food Chemical Codex (FCC) standard for the food industry. The application of alginate 

to the manufacture of tuna meatballs can improve the texture of the resulting meatballs. The 
results of quality testing meatballs with chemical parameters and microbiology met the quality 

standards of fish meatballs, SNI 7266-2014. 

 

Keywords: alginate, microbiology, sodium tripoliphospat, viscosity 

1. Introduction 

 

Alginate is a group of natural anionic polysaccharides derived from seaweed cell walls [1]. Although 

the potential for alginate-producing seaweed is quite high, it cannot be used optimally, considering the 

development of domestic alginate extraction methods that is still not going well [2]. Sargassum sp. is a 
type of seaweed that produces a high enough amount of alginate. The brown algae species from Indonesian 

coastal waters that have the potential to be processed into alginates are Sargassum sp., Turbinaria sp., 

Hormophysa sp. and Padina sp. The four alginophyte species (alginate-producing algae) are still 
obtained from natural preparations [3]. Sargassum is classified as one type of commercial seaweed, but 

not many know that Sargassum sp. is one type of seaweed currently in high demand because the amount 

is quite abundant but the utilization is less than optimal. 

 
The biggest use of alginate is found in the textile, food, paper, pharmaceutical and cosmetic industries 

[1]. The paper industry uses alginate as an adhesive and preservative, while in fisheries alginate is used 

as glazing in fish freezing to avoid oxidation reactions. Alginate is also used to increase the viscosity 
of the medium in canning production [4]. Alginate from Sargassum seaweed has quite good viscosity 

when extracted with alginate calcium deposition process [5]. The processing of low-fat meat products 

can help maintain the stability of the emulsion and improve rheological properties. Alginate has several 
advantages, including other healing ingredients such as sodium tripoliposphat commonly used as 
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meatball paste. Sodium alginate produced by seaweed Sargassum sp. is a natural material that contains 

high fiber and important minerals. Therefore, Sargassum sp. sodium alginate seaweed is expected to be 
an alternative ingredient in making nutritious and safe meatballs. The purpose of this study was to 

identify the brown algae used as samples, to find out how to extract alginate from S. polycystum brown 

algae, find out how to extract alginate from S. polycystum brown algae, find out the quality of alginate 

produced, and apply alginate to the making of tuna meatballs. The importance of the application of 

alginate to the manufacture of tuna meatballs is that it can improve the texture of the meatballs.  

 

2. Materials and Methods 

 
Practical methods include explaining the tools and materials used during the research, sampling, 

extraction and characterization process of alginate, making and testing the quality of tuna meatballs. 

 
2.1. Materials and tools 

The main ingredients used in this extraction process are samples from brown algae that was identified 

by Oceanography Research Center - Indonesian Institute of Sciences (PPO-LIPI), aquadest, CaCl2 4%, 

HCl 2%, Na2CO3 4%, CaCl2 10%, CaCl2 5%, HCl 5%, and alcohol 95%. The ingredients used in making 
meatballs were tuna meat, tapioca flour, garlic, pepper, salt, water and ice. The materials used in 

proximate testing were N-hexan, catalyst protein, Na2BO3, sodium carbonate, H2SO4. 

 
The tools used during seaweed sampling in the field are the salinity refractometer, universal pH, 

thermometer, current drogue, GPS, sacks and scissors or knives. The tools used in the laboratory were 

Erlenmeyer flasks (Pyrex), measuring cups (Hokkai), beaker glasses (Pyrex), hot plates (Thermo 
Scientific), digital scales (Vibra), oven (Memmert), calico cloths, drop pipettes, blenders, a 40 mess 

size filter, water baths, and cabinet dryers. The tools used in making meatballs were spoons, boiling 

pans, stoves, food processors, thermometers, basins, and digital scales. The tools used in the proximate 

testing of meatballs were ovens, furnaces, desiccators, fat slices, porcelain dishes, aluminum cups, filter 
paper, and digital scales. The tools used in microbiological testing were autoclaves, Erlenmeyer flasks, 

glass beakers, measuring cups, cotton, brown paper, rubber bands, digital scales, incubators, and water 

baths. 
 

2.2. Sampling 

The sampling location was in Lima Island, Serang Regency, Banten Province. It is located between 
06o0'5.6376" south latitude and 106o09'15.3684" east longitude with an island area of 2.6 ha. Seaweed 

samples were taken by hand and cleaned using seawater to remove sticky dirt and then were put in a 

sack. The sampling location can be seen in figure 1. 

 

 
Figure 1. Sampling location, = station,  = island,  = sea. 
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2.3. Algae extraction of brown S. polycystum 

Alginate extraction followed the Le-Gloahec-Herter method described in [6]. 25 grams of seaweed 
powder was mixed with 200 mL of distilled water and then soaked in 1% 200 mL CaCl2 for two hours. 

The function of this process was to remove most of the laminarin, mannitol, salt and other follow-up 

components of carbohydrates contained in seaweed. The salts along with CaCl2 were then removed by 

washing with clean tap water, while calcium alginate remained in the cell because it did not dissolve in 
water. This washing was stopped if the washing water was clean. Subsequently, immersion was carried 

out in 2% 200 mL HCl for thirty minutes in order to dissolve alkaline earth salt remnants. In addition, 

washing with clean water was carried out until the pH was neutral. The next stage of extraction by 
seaweed slurry was blended with 200 mL of 4% Na2CO3 solution then heated in a 90oC water bath for 

two hours while periodically being stirred. This process was carried out until all cellulose became fine 

particles and homogeneous paste was produced. Then the dilution was carried out by adding distilled 
water and 4% Na2CO3 in a ratio of 3:7. Then the resulting solution was filtered using a filter cloth to 

obtain the filtrate. The filtrate was then heated to a temperature of 40oC and then coagulated using CaCl2 

10% and filtrate in a ratio of 1:5, and stirred for fifteen minutes to obtain calcium alginate clots. The 

remaining filtrate was coagulated with CaCl2 5% and filtrate solution in a ratio 1:5 to obtain a lump of 
alginate calcium.  

 

Then, the calcium alginate obtained was acidified with 5% HCl until the pH of the calcium alginate 2-
3 was obtained, then washed with 95% alcohol and alginate in a ratio of 1:1 by soaking while stirring 

periodically for 20 minutes and filtered. After that, Na incorporation was carried out using 1% Na2CO3 

and calcium alginate solution in a ratio of 1:1.5 for one hour while stirring periodically, followed by re-
washing using 95% alcohol two times. The last stage was drying with a temperature of 70-75oC for 

eight hours in a cabinet dryer. The final product obtained was dry sodium alginate. After obtaining dried 

sodium alginate, it was blended and sieved 80 mesh.  

 
2.4. Characterization of sodium alginate 

Characterization of sodium alginate includes parameters of moisture content, ash content, pH and 

viscosity parameters [7, 8]. 
 

2.5. Making tuna meatballs 

The making of tuna meatballs began with the process of melting tuna meat. Then, 300 grams of tuna 

meat was mashed using a food processor by adding 75 grams of ice cubes (25% by weight of meat). 
Then, six grams of salt (2% by weight of meat) and seasoning (1 gram of pepper, 5 grams of garlic) 

were added into the mixture to blend again. After being evenly mixed, into the pulverized meat was 

added 45 grams of tapioca flour (15% by weight of meat) while stirred and pulverized until a 
homogeneous mixture was obtained. Next, 0.5 gram of sodium alginate powder (0.17% of the weight 

of the fish used) was added into the mixture and stirred evenly. Homogeneous dough was poured into 

meatball molds. The product maturation process was done by putting them into hot water with two 
stages of heating according to the temperature and the time specified. First, boiling was carried out at a 

temperature of 40oC-70oC for 10-20 minutes, then continue boiling at 90oC-100oC until the meatballs 

floated. In addition, the manufacture of tuna meatballs without the addition of alginate was also carried 

out. 
 

2.6. Testing the quality of tuna meatballs 

Fish meatball quality requirements followed the SNI 7266-2014 Fish Meatballs [9]. Chemical testing 
of fish meatballs with water content parameters ash and protein content was done according to SNI 01-

2354-2006 [10]. Testing the physical properties of fish meatballs with folding test parameters and bite 

tests was done according to SNI 2372.6.2009 [11]. In addition, several other tests were performed: Total 
Plate Count (TPC) Microbiology Test (SNI 01.2332.3-2006), Salmonella test (SNI 01.2332.2-2006), 

Escherichia coli test (SNI 01.2332.1-2006) [10], and Staphylococcus aureus test (SNI 2332.9-2011) 

[12]. 
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2.7. Data analysis 
This research was carried out both qualitative (descriptively), and quantitate. The quantitative research 

data was processed using Excel for the sensory test average data. Folding test and bite test was analyzed 

with SPSS using the Wilcoxon test. 

 

3. Results and Discussion 

 

The sample used in this study was the genus Sargassum sp. The results of identification of the sample 
used obtained the following characteristics: yellowish brown algae, branching thallus resembling tree 

branches, shaped like leaves, rough and rather stiff surfaces, on the sidelines of the branch there was a 

small round that was hard and slippery like a fruit, short-stemmed, pointed leaves, and jagged edges. 
The algae grew attached to the coral reef. Seaweed found in the waters of Banten Bay has a main thallus 

length of 30-100 cm and a rock bottom substrate. Based on the characteristics above, it was suspected 

that the Sargassum obtained from the waters of Lima Island was a species of S. polycystum. S. 

polycystum has cylindrical, holdfast thallus characteristics such as discs and short stalks [13]. In 
addition, they can reach a height of about two meters; their small leaves are oval-shaped, 3 cm long by 

1 cm wide, jagged or like a saw, flat or pointed curved end, without very clear veins, round ovoid air 

bubbles, sitting on branching trunks or short trunks, rounded edges, blunt sometimes there are like 
thorns, growing on stone substrates or other hard objects. 

 

3.1. Characterization of sodium alginate 
In this study, sodium alginate was characterized by describing the parameters of water content, ash 

content, viscosity and pH which aimed to determine the quality of alginate produced from S. polycystum 

seaweed from the Gulf of Banten beach waters. Characterization results of sodium alginate from S. 

polycystum seaweed can be seen in table 1. 
 

Table 1. Results of characterization of Na-Alginate from S. polycystum seaweed originated from the 

waters of the Banten Bay Coast. 

 

From this research, Sargassum sp. seaweed sodium alginate was 9.61%. The results obtained show that 

the water content produced met the Food Chemical Codex (FCC) standard where sodium alginate is 
<15% water content. Water content affects the quality and quality of a material. The water contained in 

the ingredients can affect the texture, storability, taste and appearance. The increase in water content in 

dry matter can cause damage, both due to chemical reactions and microbial growth of spoilers [14]. The 
results showed that the pH contained in the sodium alginate extracted from Sargassum sp. seaweed was 

9.4. Alginate is stable at pH 5-10 [15], while pH higher than this value can cause the viscosity produced 

to be very small due to β-eliminative degradation. Food Chemical Codex [16] has set the food industry's 
sodium alginate quality standard at 3.5-10. When compared with these standards it can be concluded 

that the results of sodium alginate obtained are in accordance with the food industry quality standards. 

In this research, the extracted ash content of sodium alginate was 22%. In this study, extracted ash 

content of sodium alginate was 22%. These results are not much different from the ash content set by 
the Food Chemical Codex [16], which is 13-27%. Likewise, the ash content specified for food grade is 

23% [17]. When compared with some of these standards, the resulting sodium alginate ash content 

meets the standards. The amount of alginate ash content was influenced by the amount of Na2CO3 
solution added during extraction. The Na2CO3 contained in the sample was an organic salt mineral, so 

the greater the content in a material, the more the sodium ash content of alginate would be [6]. The 

alginate viscosity produced in this study was 50 cP (centiPoise). These results indicate that the resulting 
viscosity met the Food Chemical Codex (FCC) standard where sodium alginate viscosity ranges from 

Characteristics Na-alginate FCC standards for food industry 

Water content % 9.61 < 15 

pH 9.4 3 – 10  

Ash content % 22 < 23 
Viscosity (cP) 50  10 – 5000  
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10 - 5000. Alginate can be characterized by the degree of viscosity in the form of a solution [18]. The 

viscosity of alginate was influenced by the strength of the gel, alginate concentration, degree of 
polymerization and molecular weight. The viscosity of alginate was also influenced by temperature, 

acid conditions and the ratio of M and G units of alginate molecules. Increased viscosity depends on 

the presence of high guluronic acid and manuronic acid [19].  

 
3.2 Sensory test and physical test results 

Assessment of the final product sensory test was carried out using 30 untrained panelists. Sensory tests 

for tuna fish meatballs without the addition of alginate and tuna fish meatballs with the addition of 
alginate include appearance, smell, taste and texture parameters. The results of the sensory test and 

physical assessment can be seen in table 2. 

 
Table 2. Results of sensory test and physical assessment. 

No Treatment 
Sensory assessment parameters Physical test 

Appearance Smell Taste Texture Folding test Bite test 

1 
Alginate 

meatballs 
7.0  7.0  7.0  9.0  5.0  9.0  

2 
Control 

meatballs  
6.5  8.0  7.0  7.0  3.0  7.0  

 
Sensory assessment of appearance is an overall assessment. The results of the standard deviation 

calculation showed that tuna fish meatballs with the addition of alginate got a specification value of 7.0, 

while meatballs without the addition of alginate got a 6.5 sensory value. In spite of these values, the 

appearance of each meatball was not much different. This was because the meatballs without the 
addition of alginate had a rough surface compared to those added with alginate. However, based on the 

nonparametric statistical test with the Wicoxon test, there was no significant difference between the 

appearance of alginate meatballs and meatballs without the addition of alginate.  
 

As for the sensory test results for smell parameters, meatballs with the addition of alginate got a sensory 

value of 7.0 while meatballs without the addition of alginate had a sensory value of 8.0. The difference 

in sensory value was possible because the addition of alginate in meatballs could reduce the specific 
odor of fish meatball products such as the smell of added spices and the smell of fish. However, the 

characteristics of alginate used did not smell. Chemically it is difficult to explain why compounds cause 

different scents, because compounds which have similar chemical structures and functional groups 
(stereoisomers) sometimes have very different scents. Conversely, compounds that are very different in 

chemical structure may cause a distinctive smell [20]. Based on the nonparametric statistical test with 

the wicoxon test, there was no significant difference in scent between the meatball added with alginate 
and meatballs without the addition of alginate.  

 

Sensory test on taste parameters resulted in the same value of 7.0 for both meatballs with the addition 

of alginate and meatballs without the addition of alginate. This was due to the presentation of fish 
seasoning and meat used in each treatment equally. Acceptance of taste by panelists was influenced by 

several factors including chemical compounds, temperature of concentration and interaction with other 

flavor components. The results of data analysis with statistics using the Wilcoxon test on taste 
parameters between meatballs with the addition of alginate and meatballs without the addition of 

alginate showed that there was no significant difference in the taste of each meatball. In the texture test, 

tuna fish meatballs with the addition of alginate obtained 9.0 sensory values. Meatballs with the addition 
of alginate had a dense, compact, and chewy texture compared to meatballs without the addition of 

alginate, which got a 7.0 sensory value and which according to specifications had a compact and rather 

springy solid texture. Statistical data analysis using Wilcoxon test showed that there was a significant 

difference in texture between meatballs with the addition of alginate and meatballs without the addition 
of alginate. Therefore, it can be concluded that there was an effect of the use of alginate on the texture 

of the meatballs produced. Fat can be replaced with water and non-meat ingredients such as 

hydrocolloid (carrageenan, starch, maltodextrin, alginate) during the processing of low-fat meat 
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products that can help maintain the stability of the emulsion and improve rheological properties [21]. 

From the results of research conducted by [21], STPP and alginate could increase the elasticity level of 
beef meatballs. 

 

The folding test was related to the gel strength test where the better the folding test result was, the better 

the elasticity of the fish meatball would be. The average value of folding tests on tuna fish meatballs 
with the addition of alginate was 5.0. The meatballs did not crack based on its specifications when 

doubled and included in AA grade [11], compared to fish meatballs without the addition of alginate, 

which only got an average value of 3.0 with the specifications of a little slack when folded once and 
included in grade B [11]. According to statistical data analysis using Wilcoxon test, there was a 

significant difference in the strength of meatball gel with the addition of alginate and meatballs without 

the addition of alginate. Therefore, it can be concluded that the addition of alginate affected the texture 
of the fish meatball produced. 

 

A bite test was necessary to determine the level of consumer preference in knowing how much elasticity 

was produced by fish meatballs. The average value of the bite test results on meatballs with the addition 
of alginate was 9.0; their elasticity was very strong. Meanwhile, meatballs without the addition of 

alginate had an average value of 7.0, which means that the texture and elasticity of the meatball was 

rather strong. From the average value of the bite test it could be seen that meatballs with the addition of 
alginate had a very strong level of texture and elasticity compared to meatballs without the addition of 

alginate. The results of statistical data analysis using Wilcoxon test on texture and elasticity through 

bite testing between meatballs with the addition of alginate and meatballs without the addition of 
alginate showed that there were significant differences in the texture and elasticity of the fish meatballs 

produced. 

 

3.3. Results of fish meatball chemical testing 
In this study, a chemical analysis of the tuna meatballs was produced. Chemical testing was carried out 

on tuna fish meatballs with the addition of alginate and without the addition of alginate, which included 

testing protein content, water content, and ash content in accordance with the quality requirements of 
fish meatballs, SNI 7266-2014 [9]. The results of chemical analysis of tuna meatballs can be seen in 

table 3. 

 

Table 3. Results of chemical testing of tuna meatballs. 

 

From the table above it can be seen that meatballs with the addition of alginate had a higher water 

content with a value of 44.45% than meatballs without the addition of alginate, which had 44% moisture 
content. This was because alginate had water binding properties. The test results of the meatball water 

content in general met the SNI standard for the water content of fish meatballs. This was because the 

water content was less than 65%, while the water content in fish meatballs should be a maximum of 
65% [9].  

 

The average value of ash content in tuna meatballs with the addition of alginate was 1.09% higher than 

the value of meatball ash content without the addition of alginate, which was 0.99%. This was due to 
the alginate used, which contained a high amount of minerals, and sodium alginate, which had ash 

content of around 22%. However, the meatball ash content met SNI standard for ash content of fish 

meatballs nonetheless. This was because the ash content was less than 2.0%, while the ash content in 
fish meatballs should be a maximum of 2.0% [9]. Minerals in fish meat can be phosphate salts, calcium, 

sodium, magnesium, sulfur, and chlorine [22]. In sarcoplasm there is a lot of potassium, calcium, 

magnesium, and chlorine where potassium and calcium are often part of complex proteins. The ash 

No Testing Meatballs + 
alginate 

Meatballs without 
alginate 

SNI standard 
4427-2014  

1 Moisture (%) 44.45  44      Max 65 

2 Ash content (%) 1.09 0.99     Max 2.0 
3 Protein (%) 19.78 17.54 Min 7 
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content of the product comes from the level of fish ash, NaCl, and flour. Ash content is composed of 

various types of minerals with various compositions depending on the type and source of foodstuffs 
[23].  

 

The largest amount of protein found in meatballs is derived from protein from raw materials [24]. The 

protein content contained in tuna fish meatballs with the addition of alginate was 19.78% higher than 
that of meatballs without the addition of alginate, which was 17.54%. This is possible because seaweed 

was used as a raw material for making alginates in the form of Sargassum types which contain protein 

levels ranging from 5.53% [25,26]. In addition, the increase in protein levels was thought to be due to 
the added alginate which bound water and held the protein that was soluble in water during boiling [27]. 

Nonetheless, the protein content met the SNI standard for fish meatball products, which should be a 

minimum of 7% [9]. 
 

3.4. Microbiology testing results 

In this study microbiological quality testing of fish meat was conducted to ensure that food was suitable 

for consumption. Microbiological meatball quality testing included TPC, S. aureus, Salmonella, and E. 
coli. Microbiology testing results can be seen in table 4. 

 

Table 4. Results of microbiological testing of tuna fish meatballs. 

 

In TPC testing, fish meat products with the addition of alginate obtained TPC 4.3 × 103 colonies/gram, 

while meatballs without the addition of alginate obtained TPC 4.3 × 103 colonies/gram. The TPC results 
still met the quality standards of tuna meatballs that were used as references in the processing of fish 

meatballs. According to SNI No. 7266-2014, the maximum TPC of fish meatball should be 1.0 × 105 

colonies/gram. 
 

S. aureus test results for each meatball sample at the identification stage of the suspect colony showed 

that there were no specific suspect colonies of S. aureus, namely circular, smooth, smooth, convex 

colonies, with diameters of 2 mm - 3mm, gray to black, around the edges of clear colonies (halo formed). 
Colonies have a fatty and sticky consistency when taken with a needle inoculation [12]. Therefore, it 

can be concluded that the results of testing the contamination of S. aureus bacteria on meatball products 

was 0 colonies/25 grams. 
 

Salmonella testing on fish meatball products aimed to ensure that there was no contamination of 

Salmonella bacteria in fish meatball products. Salmonella test results on tuna meatballs were negative, 
in accordance with SNI standards for microbial contamination. These bacteria were not indicators of 

sanitation, but for food safety indicators. That is, because all known Salmonella serotypes in this world 

are pathogenic, the presence of these bacteria in food is considered harmful to health [26]. 

 
The results of testing of E. coli microbial contamination in tuna fish meatballs with the addition of 

alginate and without the addition of alginate showed that in 18 tubes tested using 3 tube series there 

were no positive tubes marked by media changes from clear to cloudy and gas bubbles forming in 

Durham tubes. Based on the test results it can be concluded that tuna meatball samples did not contain 

E.coli bacteria in accordance with SNI 7266-2014 [9] that the maximum contamination of E.coli 

bacteria in processed products for the protection of consumers regarding product quality is stated to 

meet the maximum threshold requirements for microbial contamination in food because the value is <3 
MPN/g. E. coli is a gram negative group which is used as a food quality bio-inhibitor bacteria [27]. 

No Testing Meatballs 
+ alginate 

Meatballs 
without 

alginate 

Standard SNI-
7266-2014 

1 TPC (Col /g) 4.3×103  1.5×104 Max 1.0×105  

2 Staphylococcus aureus (Col/g) 0 0 Max 1.0×102  
3 Salmonella (Col/25 g) Negative Negative Negative  
4 Escherichia coli (APM/g) < 3  < 3 < 3  
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4. Conclusion 

 

The result of sodium alginate had a moisture content of 9.61%, ash content of 22%, pH level of 9.4, and 

viscosity of 50 cP. Meatballs with the addition of alginate had a significant effect on the texture of 

meatballs. In the chemical tests, fish meatballs with the addition of alginate produced moisture content 
of 44.45%, ash content of 1.09% protein content of 19.78%, while meatballs without the addition of 

alginate obtained moisture content of 44%, ash content of 0.99%, and protein content of 17.54%. In 

microbiology tests, fish meatballs with the addition of alginate produced TPC 4.3 × 103, while those 
without the addition of alginate produced TPC 1.5×104, S. aureus 0 colonies/g, Salmonella negative, 

and E.coli <3 APM/gram. The results of chemical and microbiological testing met the SNI standard 

7266-2014. 
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