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Abstract  
Kappaphycus alvarezii Doty is a species of red algae (Rhodophyceae) producing kappa carrageenan. The value of carrageenan 

will increase if it is able to form thermoreversible gels. The quality of carrageenan is determined by the isolation method which 

includes several stages, namely soaking, extraction, purification, and drying. This study aims to obtain an optimum isolation 

method of carrageenan from seaweed Kappaphycus alvarezii Doty using the factorial experimental design software, Design 

Expert Version.7.0.0. with the characteristics that meet the standards set by FAO. 

The seaweed was collected from the sea in Nusa Lembongan, Bali Province. The carrageenan isolation method was optimized by 

varying three factors, namely the concentration of NaOH (4% and 8%), extraction time (0.5 hour and 3 hours), and precipitation 

time (0.25 hour and 0.5 hour) in order to obtain 8 formulae which then went through an evaluation of the physical and chemical 

characteristics of the carrageenan. The physical and chemical characteristics include the yield, viscosity, sulfate content, and ash 

content, analyzed using Design Expert Version 7.0.0 program to determine the optimum method of isolation. 

The analysis showed that the optimum method of carrageenan isolation was using NaOH with a concentration of 4.40%, the 

extraction time of 2.16 hours and the precipitation time of 0.29 hour. The physical and chemical characteristics of carrageenan 

with the optimum isolation method include the yield of 25.73%, the viscosity of 11.92 cPs, sulfate content of 31.95% and the ash 

content of 26.16% which have met the standards set by FAO. 
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I. INTRODUCTION 

Carrageenan is a galactose polysaccharide 

compound present in seaweed cell walls or intracellular 

matrix which is the largest composition of seaweed dry 

weight [1]. Carrageenan will increase in value if it has the 

ability to form thermoreversible gels [2]. Kappaphycus 

alvarezii Doty is a type of seaweed producing kappa 

carrageenan widely cultivated in Indonesia. 

According [3], most of Indonesia’s seaweed is 

exported in the dry form and only 20% is processed by 

domestic industries. The main problem in the seaweed 

industry is the method of carrageenan isolation that is quite 

complicated, which takes a considerable amount of time 

and energy [4]. 

Distantina [5],  conducted carrageenan isolation 

using 0.2 N NaOH solvent for 30 minutes and precipitation 

using 90% ethanol for 30 minutes. However, the 

carrageenan yield obtained was 22%. This value does not 

meet the standard set by the Ministry of Trade that is at 

least 25%.  Carrageenan isolation using 0.2 N KOH for 30-

minute extraction time and precipitation using KCl 3.5% 

for 30 minutes resulted in a higher carrageenan yield and 

stronger gel properties compared to the yield produced 

using ethanol. Different methods used in carrageenan 

isolation will have a different effect on the quality of 

carrageenan produced [6] [7]. Therefore, in order to obtain 

carrageenan products with a quality that meets the standard 

set by FAO, the isolation method of carrageenan was 

optimized by varying 3 factors, namely NaOH 

concentration (4% and 8%), extraction time (0.5 hours and 

3 hours), and precipitation time (0.25 hour and 0.5 hour), 

using the factorial experimental design program, Design 

Expert Version 7.0.0. The data on the results of evaluation 

of the physical and chemical characteristics of carrageenan 

include the yield, viscosity, sulfate content and ash content 

analyzed using the one-way ANOVA. The optimum 

isolation method is determined by the desirability value 

closest to 1 in the Design Expert Version 7.0.0. program. 
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II. METHODS 

2.1 Optimization of Isolation Method of Carrageenan 

The isolation method of carrageenan from seaweed 

Kappaphycus alvarezii Doty was optimized by varying the 

NaOH concentration, the extraction time and the 

precipitation time with KCl 5% at the highest and lowest 

levels using factorial experimental design software, Design 

Expert Version 7.0.0. 

 

Table 1. Optimization Formula for the Isolation Method 

using Design Expert V. 7.0.0 

Formula Run 

NaOH 

Concentration 

(%) 

Extraction 
Time (hour) 

Precipitation 

Time  

(hour) 

F1 7 4 0.50 0.25  

F2 4 8  0.50  0.25  

F3 8 4  3.00  0.25  

F4 6 8  3.00 0.25  

F5 2 4  0.50 0.50  

F6 3 8  0.50  0.50  

F7 5 4  3.00  0.50  

F8 1 8  3.00  0.50  

 

2.2 Carrageenan Extraction 

Dried Kappaphycus alvarezii Doty seaweed was cut into 

small pieces (± 1 cm), and then weighed as much as 50 

grams. It was then soaked in distilled water for 30 minutes. 

Then, it was extracted using NaOH with the ratio of 

seaweed to the solvent 1:20 (g/mL). The extraction was 

done using a hot plate at 90o C. Furthermore, it was filtered 

using a gauze when it was still hot. 

 

2.3 Precipitation 

Carrageenan precipitation was done by adding KCl 5%. 

The ratio of the filtrate volume to the KCl 5% volume was 

1:2 (v/v). It was allowed to stand at the room temperature 

until it formed fibers, with variations of precipitation time 

of 0.25 hour and 0.5 hour. After the fibers were formed, 

they were washed to reach the pH of ± 7, and filtered using 

a gauze. The carrageenan fibers were then dried in the oven 

at 60° C for 24 hours or until it reached a constant weight. 

The carrageenan was then mashed to form carrageenan 

powder. 

 

2.4 Evaluation of the Carrageenan Physical and Chemical 

Characteristics 

a. The yield 

The carrageen yield was calculated based on the ratio of the 

weight of the carrageenan produced to the weight of dried 

seaweed used [8] 

b. The viscosity 

The 1.5% carrageenan solution was heated in a beaker at 

90° C. The temperature was then lowered, and the solution 

was stirred regularly until the temperature reached 76-77° 

C. The viscosity was measured using a Brookfield 

Viscometer at 100 rpm. The viscosity was read after one 

minute of rotation [9] 

c. Sulfate Content  

A total of 0.5 g (W1) of sample was hydrolyzed using 50 

mL of 0.1 N HCl for 30 minutes at the boiling temperature. 

Then, 10 mL of 0.25 M BaCl2 was added little by little 

while boiling for 5 minutes. The sample was cooled for 5 

hours, and then the precipitate was filtered by Whatman 

filter paper (No. 42 ashless). Next, it was burned in the 

furnace at the temperature of 700oC for 1 hour. The weight 

of white ash was the weight of barium sulfate (W2). The 

sulfate content was calculated using the formula of ((W2 x 

0.4116)/W1) x 100%  [10]. 

d. Ash Content 

The porcelain crucible was heated for one hour in an oven 

at the temperature of 105° C, and then cooled in a 

desiccator. Next, it was weighed until a constant weight (A) 

was obtained. The carrageenan powder was weighed as 

much as 2 g (B), and then put into the crucible and heated 

above the flame. After that, it was put into the furnace with 

a temperature of 650o C for ± 12 hours. The crucible was 

then cooled in a desiccator, and subsequently weighed to a 

constant weight (C). The ash content was then calculated 

using the formula of ((A+B)-C)/B x 100% [8]. 

 

2.5 Data analysis 

The data obtained by calculating the yield, viscosity, sulfate 

content and ash content of the carrageenan from 

Kappaphycus alvarezii Doty were statistically analyzed 

using the one-way analysis of variance (ANOVA) method, 

at the 95% confidence level, using the Design Expert 

Version 7.0.0 program. The optimum isolation method was 

determined by choosing a formula with a desirability value 

close to 1 in the Design Expert Version 7.0.0 program. 
 

III. RESULTS AND DISCUSSION 

Table 2. Results of Evaluation of the Carrageenan Physical 

and Chemical Characteristics  

Formula 

Results of Evaluation (x ± SD) 

Yield (%) Viscosity (cPs) 
Sulfate Content 

(%) 
Ash Content 

(%) 

F1 15.317±0.001 13.1±0.833 32.402±0.570 27.551±3.190 

F2 21.403±0.004 16.54±0.4 36.693±1.949 68.984±1.182 
F3 30.683±0.001 9.733±0.462 29.243±1.034 26.036±3.389 

F4 28.017±0.001 17.467±0.462 38.865±0.498 28.964±0.142 

F5 12.830±0.001 10.533±0.231 32.209±1.218 12.807±0.782 
F6 23.469±0.002 15.4±0.346 35.197±0.274 43.025±1.447 

F7 32.701±0.001 13.8±0.21 34.002±0.687 7.897±0.572 

F8 34.453±0.002 19.067±0.231 39.54±0.523 10.493±2.244 

 

a. Yield 

The percentage of yield based on the quality standard 

determined by the Ministry of Trade (1989) as quoted in 

[11] is at least 25%. The result of the analysis using the 

one-way analysis of variance (ANOVA) showed that NaOH 

concentration, extraction time, and precipitation time had a 

significant effect (p <0.05) on the yield. 

Using 8% NaOH concentration, the carrageenan yield 

produced was higher than that using 4% NaOH 

concentration. The higher the alkali concentration, the 
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higher the pH of the solution. This will then cause more 

carrageenan to get extracted. In addition, alkaline solvents 

help the expansion process of the seaweed cell tissues, thus 

facilitating the carrageenan extraction from within the 

tissues. The carrageenan yield produced in the 3-hour 

extraction time was higher than the carrageenan yield 

produced in the 0.5-hour extraction time. According to [12], 

the longer the extraction time, the greater the heating effect 

caused to maximize the permeability of the cell walls. 

Increased cell wall permeabilization plays a role in 

accelerating the reaction process and increasing the rate of 

diffusion of compounds through the cell walls. Ary [13] 

mentioned that an addition of KCl in the precipitation 

process affects the yield of carrageenan produced. The 

longer the precipitation time the more the resulting yield. 

This is presumably because the longer the precipitation time 

the better the reaction of solid formation in the solution, 

thus producing more carrageenan yield. 

b. Viscosity 

FAO (2007) established a minimum viscosity standard 

of 5 cP. The result of the analysis using the one-way 

analysis of variance (ANOVA) showed that NaOH 

concentration, significantly affected (p<0,05) the viscosity. 

The viscosity value resulted from the formula using 8% 

NaOH concentration was higher compared with that using 

4% NaOH concentration. An increase in the viscosity at an 

8% concentration of NaOH is presumably caused by high 

sulfate levels. Moirano [14] suggests that the higher the 

sulfate content, the higher the viscosity, but the lower the 

gel strength. The repulsion force between negative charges 

along the polymer chain of the sulfate group causes the 

chain of the molecules to tighten. Due to its hydrophilic 

nature, the polymer is covered by immobilized water 

molecules, thus causing the solution to become viscous (the 

viscosity of the solution is high).  

 

c. Sulfate Content 

FAO set the standards for the carrageenan sulfate 

content ranging from 15% to 40%. The result of statistical 

analysis using the one-way analysis of variance (ANOVA) 

showed that NaOH concentration had a significant effect (p 

<0,05) on the sulfate content. The sulfate content in the 

formula using 8% NaOH concentration was higher than that 

in the formula using 4% NaOH concentration. This is 

because in the research there was an imbalance between the 

solvent and the extracted material. Extreme increase in the 

concentration of NaOH resulted in the imbalance between 

the solvent and the extracted material. This caused the 

extraction process to become not optimal [15]. Increased 

sulfate concentration resulted in the formula using 8% 

concentration was also due to high ash content. In the 

formula using 8% NaOH concentration, the yield was 

higher than that in the formula using 4% NaOH 

concentration. However, the high ash content indicated high 

content of minerals, which means that the carrageenan 

purity was lower. This is because in the combustion 

process, some of the sulfate evaporates into SO2 and the 

rest becomes minerals or oxides which do not evaporate 

during the combustion [16]. 

d. Ash Content  

FAO set a carrageenan ash content standard ranging 

from 15% to 40% [17]. The statistical analysis using the 

one-way analysis of variance (ANOVA) method showed 

that NaOH concentration, extraction time and precipitation 

time have a significant effect (p<0,05) on carrageenan ash 

content produced. 

An addition of NaOH affects the percentage of ash 

content in the carrageenan produced. The 8% NaOH 

concentration results in higher ash content compared with 

the 4% NaOH concentration. In this case, sodium (Na) is 

attached to the seaweed during the extraction. The 

increasing amount of sodium and other minerals attached to 

the seaweed during the extraction results in increased ash 

levels in the resulting carrageenan[18]. The ash content 

produced in 3 hours of extraction time was lower than the 

ash content produced in 0.5-hour extraction time. This is 

supposedly because the longer the extraction time the 

longer the seaweed contacts with heat and the extracting 

solution. The presence of sodium ions from the use of 

NaOH as the extracting solution affects the content of 

carrageenan ash resulted [18]. The longer the extraction 

time the more the NaOH that reacts with the sulfate group 

to form Na2SO4 in the solution causing the lower ash 

content resulted. The ash content during the 0.25-hour 

precipitation time is higher than the ash content in 0.5-hour 

precipitation time. In the precipitation process, there is an 

addition of KCl as a settling material. Potassium ions from 

KCl cause high content of carrageenan ash [19]. The shorter 

the precipitation time is, the more potassium ions that have 

not reacted perfectly with carrageenan to form gel. This is 

presumably the cause of the high ash contents. 

 

e. Determination of Optimum Carrageenan Isolation 

Method  

Based on the result of the analysis using Design Expert 

Version 7.0.0, the optimum carrageenan isolation method 

was obtained by extracting the seaweed using 4.40 % 

NaOH, in 2.16-hour extraction time, and 0.29-hour 

precipitation time, which results in 25.73% yield, the 

viscosity of 11.92 cPs, the sulfate content of 31.95% and 

the ash content of 26.16% which have fulfilled the FAO 

standards. 

 

IV. CONCLUSION 

Seaweed extraction using 4.40% NaOH solution, in the 

extraction time of 2.16 hours, and 0.29-hour precipitation 

time is the optimum method of carrageenan isolation with 

chemical and physics characteristics which fulfil the 

standard set by FAO.  
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