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ABSTRACT 

Laminarin is a bioactive compound found in Sargassum sp. whose existence is 
widespread in Indonesia, including in Jepara, Central Java, Indonesia. Laminarin can be used in 
food, pharmaceutical, cosmetic, and feed industries as it is beneficial as an anti-inflammatory, 
antioxidant and regulates gut microbiota. This study aimed to extract laminarin from Sargassum 
sp. that originated from Jepara-Indonesia by laminarin acid extraction procedure with an acetic 
acid solvent (CH3COOH) which was safer, cheaper and easy to obtain. Characterization of 
laminarin crude extract use Fourier Transform Infrared (FT-IR); meanwhile, nutrition tested are 
moisture, ash, crude protein and crude fiber content. The results showed that laminarin extraction 
of Sargassum sp. from Jepara using acetic acid solvent (L-ACT) obtained the highest yield of 
15.5% with a solvent ratio of 1:5 (w/v) but still lower than the yield extraction using hydrochloric 
acid (L-HCl) with a solvent ratio of 1:10 (w/v) that was 24.17%. FT-IR absorption band at 2359.96 
cm-1 (-OH bending; transmission angle peak), 1538.54 cm-1 (C-C aromatic; carboxyl groups), 
1409.35 cm-1 (C-H bending; carboxyl groups), 1230.89 cm-1 (C-O-C stretching; sugar region), 
1022.58 cm-1 (R-O-R (acetal)), and at 944.94 cm-1 (O-R cyclic) of the L-ACT samples were 
similar to those of the L-HCl and standard laminarin references in other studies that used as a 
positive control, confirming the presence of laminarin. The L-ACT extract had lower ash, crude 
protein content and higher water content compared to L-HCl crude extract. Meanwhile, the crude 
fiber content in both L-ACT and L-HCL was not identified. The results showed that Sargassum 
sp. from Jepara was the potential source of laminarin for many industries (pharmacy, cosmetic, 
food), and acetic acid could be used as a suitable solvent to extract laminarin in the LAE method. 
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INTRODUCTION  

Laminarin is a type of water-soluble 

polysaccharide, known as a β-glucan, that 

serves as a food reserve for the 

photosynthesis process within the cell wall 

[1]. The polysaccharide comprises of a linear 

structure of (1,3)-β-D-glucan with several β-

(1,6)-intrachain linkages, consisting of 20 to 

25 units of glucose moieties, which is a 

distinctive characteristic of polysaccharides 

found in brown algae [2,3]. Consequently, 

Laminarin exhibits a degree of polymerization 

(DP) that ranges between 20 to 25. From the 

reducing end, the polymer chains of 

Laminarin can be categorized into M-series 

https://jurnal.uns.ac.id/jkpk
mailto:ratn024@brin.go.id
https://journal.unismuh.ac.id/index.php/octopus/article/view/708
https://ifst.onlinelibrary.wiley.com/doi/10.1111/ijfs.12692
https://www.sciencedirect.com/science/article/pii/B9780128198155000550
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polymer chains terminated by D-mannitol 

residues and G-series polymer chains with D-

glucose residues at the end of the chain [4,5]. 

Depending on the degree of polymerization, 

Laminarin has an average molecular weight 

of 5 kDa [3,6]. 

One of the brown algae which were 

detected to be having laminarin is Sargassum 

sp. [7]. Laminarin in Sargassum sp. is a high 

polysaccharide content derived from the cell 

wall [7]. Sargassum sp. is a type of 

Phaeophyceae or brown algae which is the 

largest genus in the family Sargassaceae that 

lives widespread in Indonesia, growing in 

protected waters or those with large waves in 

rocky habitats, in intertidal, subtidal, and 

coastal areas [1,8]. Sargassum sp. contains 

carbohydrates (47.73%), protein (11.20%), 

lipids (1.06%), polysaccharides (21.01%), 

fiber (4.83%), macro and microelements such 

as potassium, sodium, magnesium, and iron 

[7,9]. There is various bioactivity from 

laminarin Sargassum sp. that has been 

pharmacologically proven. Sargassum 

crassifolium laminarin from Talango Island, 

Madura, Indonesia shows anti-inflammatory 

activity that can be applied as edema-

reducing agents [10]. Antioxidant activity is 

also shown by laminarin of Sargassum sp. 

from Malaysia with the presence of 

superoxide anion radical scavenging 

activities [11]. Moreover, the laminarin of 

Sargassum henslowianum is also reported to 

have the potential to regulate gut microbiota 

[12].  

Laminarin, a low molecular weight 

water-soluble polysaccharide or β-glucan 

polysaccharide, has diverse potentials for 

use in the food, pharmaceutical, cosmetic, 

and feed industries [4]. The composition of 

laminarin has been found to stimulate, 

regenerate, energize human dermis 

fibroblasts and human epidermis 

keratinocytes, with optimal activity observed 

at a concentration of 10 µg/ml, making it 

useful in cosmetics and pharmaceuticals [13]. 

Furthermore, as a polysaccharide, laminarin 

is resistant to hydrolysis in the upper 

gastrointestinal tract. Therefore, it can serve 

as a dietary fiber and prebiotic for microflora 

and intestinal epithelium in humans and 

animals [14]. 

The content of laminarin varies 

depending on environmental factors, such as 

nutrient levels, frond age, water temperature, 

waves, depth of immersion, sea currents, and 

salinity, where brown algae grow [6,15]. In 

addition, the yield and quality of laminarin are 

also affected by the algae species, seasonal 

fluctuations, and extraction conditions [4]. 

Therefore, optimising the extraction method 

is crucial to achieving the highest yield of 

laminarin. There are two methods for 

extracting laminarin: heat extraction and cold 

extraction. Heat extraction uses high 

temperatures, even boiling water, while cold 

extraction employs chemical compounds [4]. 

Although water extraction produces relatively 

low yields, the material content is purer than 

other methods [4,16]. 

Meanwhile, chemical extraction, 

especially acid, produces a high yield, but the 

crude material is still dissolved and remains 

inside the extract. The laminarin yield of 

species Laminaria sp. isolated with cold HCl 

and precipitated with ethanol can reach 36% 

of its dry weight according to the season 

[4,14]. Laminarin extraction with an acid 

https://jurnal.ugm.ac.id/agritech/article/view/9545
https://link.springer.com/chapter/10.1007/978-3-319-22813-6_9
https://www.sciencedirect.com/science/article/pii/B9780128198155000550
https://www.sciencedirect.com/science/article/pii/S0144861707000495
http://www.bbp4b.litbang.kkp.go.id/jurnal-jpbkp/index.php/jpbkp/article/view/692
http://www.bbp4b.litbang.kkp.go.id/jurnal-jpbkp/index.php/jpbkp/article/view/692
https://journal.unismuh.ac.id/index.php/octopus/article/view/708
http://oseanografi.lipi.go.id/dokumen/oseana_xxx(4)19-29.pdf
http://www.bbp4b.litbang.kkp.go.id/jurnal-jpbkp/index.php/jpbkp/article/view/692
https://www.mdpi.com/1660-3397/11/1/20
http://pspk.ub.ac.id/wp-content/uploads/2019/01/EDEMA-REDUCING-ACTIVITY-OF-SARGASSUM-CRASSIFOLIUM-GLUCAN-LAMINARAN-ON-EDEMA-INDUCED-RATTUS-NORVEGICUS.pdf
https://www.sciencedirect.com/science/article/pii/S0141813020349928
https://www.sciencedirect.com/science/article/pii/S0144861720315629
https://jurnal.ugm.ac.id/agritech/article/view/9545
https://testpubchem.ncbi.nlm.nih.gov/patent/GR-3037066-T3#section=Important-Dates
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.1754
https://www.sciencedirect.com/science/article/pii/S0144861707000495
https://www.sciencedirect.com/science/article/pii/S0008621598001773
https://jurnal.ugm.ac.id/agritech/article/view/9545
https://jurnal.ugm.ac.id/agritech/article/view/9545
https://jurnal.ugm.ac.id/agritech/article/view/9545
https://www.researchgate.net/publication/281201461_Chemical_structure_and_antiviral_activity_of_water-soluble_sulfated_polysaccharides_from_Sargassum_latifolium
https://jurnal.ugm.ac.id/agritech/article/view/9545
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.1754
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solution, namely sulfuric acid (Laminarin Acid 

Extraction = LAE) to Sargassum duplicatum 

originating from Talango Madura Island with 

a solvent ratio of 1:14, produces the highest 

yield of laminarin about 24.16 mg/g. [4,17]  

conducted laminarin extraction with 

hydrochloric acid solvents from Eisenia 

bicyclis from Korea that produced a 14.5% of 

yield.  

However, using strong liquid acids, 

such as HCl and H2SO4, as solvents have 

drawbacks due to their costly reagents, 

corrosive nature, and harsh reaction. 

Furthermore, contact with these acids can 

cause harm to the skin, eyes, and upper 

respiratory tract, resulting in environmental 

and food safety concerns [18,19]. Therefore, 

the issue of environmental and food safety 

solvents is essential. Unfortunately, no 

research has yet reported the extraction of 

laminarin from Sargassum sp. originating 

from Jepara, Indonesia, using safe solvents. 

Hence, this study aims to extract laminarin 

from Sargassum sp. originating from Jepara-

Indonesia using an acetic acid solvent 

(CH3COOH) in the laminarin acid extraction 

procedure, which is safer, cheaper, and 

easier to obtain. Additionally, this research is 

expected to enhance the benefits of 

Sargassum sp. originating from Jepara-

Indonesia by extracting its laminarin 

component.  

 

METHOD 

  Laminarin extraction and nutrition 

(moisture, ash, crude protein, and crude 

fiber) tested at the Laboratory of Physics, 

Chemistry, Environment and Residue; 

Laboratory of Microbiology and 

Histopathology, in Main Center of Brackish 

Water Aquaculture Jepara, which was 

validated based on ISO 17025.2017 

accreditation. In addition, analysis for FT-IR 

spectroscopic scanning was carried out at 

Lab—Chemical Engineering Research, 

Faculty of Industrial Engineering, at the 

Islamic University of Indonesia. Brown 

seaweed used in this research was 

Sargassum sp., collected from the Teluk 

Awur coastal, Jepara, Central Java, 

Indonesia. Acetic acid (CH3COOH) as a 

solvent in this study was a variable tested. 

The characterization of crude laminarin 

extract using acetic acid (L-ACT) was 

determined based on a comparison with 

extracts from HCl solvent (L-HCl). L-HCl is a 

standard solvent in laminarin extraction and 

used as a positive control in the research by 

Rajauria et al. [20]. The data obtained were 

analyzed quantitatively and qualitatively. 

Preparation of Sargassum sp. 

Sargassum sp. was cleaned with fresh 

water to eliminate sand, rocks, and other 

contaminants. Sargassum was air-dried 

without exposure to sunlight at a temperature 

of 28-30°C, then powdered with a grinder. 

Extraction of Laminarin 

Laminarin extraction was based on a 

modified method from [4] and Yudiati and 

Isnansetyo [21] that used an acid solvent. 

This method was Laminarin Acid Extraction 

(LAE). The principle of this extraction was to 

separate laminarin, which was polar, by using 

an acidic solvent that is also polar, as a 

material will easily dissolve in a solvent of the 

same polarity. Solvents were extracted 

dissolving the material with the solvent for a 

https://jurnal.ugm.ac.id/agritech/article/view/9545
https://koreascience.kr/article/JAKO200612842602000.page
https://www.researchgate.net/publication/232710079_Green_technique-solvent_free_synthesis_and_its_advantages
https://jurnal.umj.ac.id/index.php/konversi/article/view/1120
https://www.sciencedirect.com/science/article/pii/S0268005X20311425
https://jurnal.ugm.ac.id/agritech/article/view/9545
https://www.sciencedirect.com/science/article/pii/S1050464816301012
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certain time, followed by filtrate separation 

from the extracted residue [22]. The high 

yield was the advantage of using the acid 

solvent for laminarin extraction. 

On the other hand, t acid caused lysis 

or degradation of the cell wall so that the 

laminarin could be dissolved maximally [4]. 

Sargassum powder weight of 100 g was 

extracted using 0.001 M HCl (pH 3) and 1 M 

CH3COOH (pH 3) at 100°C for 60 minutes 

with stirring. Sargassum powder was 

extracted by comparing  two solvent ratios 

(w/v) of 1:5 and 1:10 as variable tested. It 

aimed to determine the optimum solvent 

extraction capacity and the laminarin 

extraction's consistency and reproducibility. 

The extract was filtered through a 

nylon mesh (74 μm pore size) and then cold-

dried at 20°C for 3-4 days. The yield of 

laminarin crude extract was further 

determined by the dry weight ratio before and 

after extraction (%). 

FT-IR Spectroscopic Scanning 

Confirmation of laminarin presence 

and its chemical structure (functional groups) 

differences after dissolving with HCl solvent 

and acetic acid were determined by Fourier 

Transformed–Infra-Red (FT-IR) 

thermoscientific Nicolet iS5 spectroscopy 

scanning with reflector diamond named 

attenuated and total reflectance (ATR) iD7 at 

4000 – 400 cm-1 area [20]. 

Water and Ash Contents 

Water and ash contents were analyzed 

by a gravimetric method based on the 

Indonesian National Standard (SNI) 

2354.2:2015 [23] for water contents and SNI 

2345.1:2010 [24] for ash contents. 

Crude Protein Contents 

Crude protein content was analyzed 

using the Dumas method using Dumatherm 

protein analyzer (Gerhardt Dumatherm DT). 

Crude laminarin extract was weighed, 

wrapped using tin foil, and placed on a 

Dumatherm tray. Tweezers picked the 

sample and inserted it into the autosampler 

carousel with 980°C combustion furnace, 

650°C reduction furnace, and 300°C 

degassing furnace. 

Crude Fibre Contents 

Crude fiber content was analyzed by a 

gravimetric method using the Fibretherm 

instrument (Gerhardt Fibretherm FT 12). The 

analysis started by separately weighing the 

empty fiber bag (C) and the crude laminarin 

extract (FO). Crude laminarin extract was put 

into a fiber bag and placed into the carousel, 

and then the program on Fibretherm 

Gerhardt could be operated. The next step 

was to put the sample into a porcelain 

crucible and dried using an oven at 105°C for 

3 hours. Next, the sample was cooled in a 

desiccator and then weighed (A). After that, 

the sample was put into a furnace at a 

temperature of 550°C for 6 hours, cooled in a 

desiccator and weighed (B). The equation for 

determining crude fiber content was as 

follows: 

% 𝑐𝑟𝑢𝑑𝑒 𝑓𝑖𝑏𝑒𝑟 =  
𝐴−𝐵−𝐶

𝐹𝑂
 × 100% (1) 

 

RESULTS AND DISCUSSION 

Effect of Solvent Type and Ratio for 

Laminarin Extraction 

The raw material used to produce 

laminarin in this study was brown seaweed, 

Sargassum sp., which grows wild in Teluk 

https://journal.trunojoyo.ac.id/agrointek/article/view/1950
https://jurnal.ugm.ac.id/agritech/article/view/9545
https://www.sciencedirect.com/science/article/pii/S0268005X20311425
https://pesta.bsn.go.id/produk/detail/10154-sni235422015
https://pesta.bsn.go.id/produk/detail/10154-sni235422015
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Awur, Jepara, Indonesia. Crude laminarin 

from Sargassum sp.  extracted by LAE 

method with different solvent types and ratios 

(w/v). Two solvent types that used in this 

research were hydrochloric acid (L-HCl), 

which is an inedible strong acid solvent, and 

acetic acid (L-ACT), which is a weak acid 

solvent. The solvent ratio used for this 

extraction was 1:5 and 1:10 (w/v). The yield 

of laminarin crude extract could be seen on 

Table 1.   

Tabel 1. Crude laminarin extraction of 
Sargassum sp. from different solvent 
types and ratio 

Sample 
Code 

Dry Crude 
Laminarin Extract 

(g) 

Crude 
Laminarin Yield 

(%) 

L-HCL (1:5) 10,87 10,87 

L-HCL (1:10) 24,17 24,17 

L-ACT (1:5) 15,5 15,5 

L-ACT (1:10) 9,92 9,92 

 

The result showed that the use of 

different solvent types and ratios gave 

different yield percentages. Extraction of L-

HCl (1:10) was able to produce the highest 

yield value at 24.17% compared to extraction 

of L-HCl (1:5), L-ACT (1:5), and L-ACT (1:10) 

at 10.87%, 15.5%, and 9.92%, respectively. 

The laminarin crude extracted by L-HCl was 

having brown color, the texture was easily 

crushed to form powder, and easier to dry 

completely. Meanwhile laminarin crude 

extracted by L-ACT was blackish brown, the 

texture was slightly sticky to form lumps and 

difficult to dry completely even though it has 

evaporated through a drying process that 

takes 1 day longer than the L-HCl extract. 

The laminarin crude L-HCl and L-ACT could 

be seen in Figure 1. 

 

(a) 

 

(b) 

Figure 1. Sargassum sp. crude laminarin 
extraction with (a) HCl solvent (L-HCl) 
and (b) acetic acid solvent (L-ACT). 

 

Laminarin contained in Sargassum sp. 

can be extracted optimally using hydrochloric 

acid compared to acetic acid because 

hydrochloric acid is a strong acid that can cause 

lysis or degradation of the cell wall [4,25], thus 

the laminarin becomes more soluble in the 

extraction solution. Hydrochloric acid has an 

acid dissociation constant (pKa) of 7, while 

acetic acid is a weak acid with a pKa of 4.74. 

The stronger the acid, the greater cell 

degradation efficiency [26], andthe greater the 

pKa value, the higher amount of an acid that 

dissociates. The high dissociation causes an 

increase in the number of hydrogen ions, so the 

ability of acid to attract divalent ions and replace 

them with hydrogen ions becomes stronger. 

Hydrogen ions functioned to hydrolyze the cell 

wall, thus the yield of laminarin can be 

produced [27,28]. 

Apart from the influence of solvent types, 

the larger solvent ratio gave a significant 

difference in the extraction results. Solvent ratio 

of 1:10 (w/v) with hydrochloric acid solvent had 

the highest yield of Sargassum sp. crude 

laminarin compared to other treatments. Due to 

the character of dry Sargassum powder that 

had high water absorption capacity, less dry 

Sargassum powder used in the extraction 

made the less solvent absorbed into it. 

https://jurnal.ugm.ac.id/agritech/article/view/9545
https://jurnal.uns.ac.id/ilmupangan/article/view/13570
https://link.springer.com/article/10.1007/s10068-012-0001-9
https://journal.unnes.ac.id/sju/index.php/ijcs/article/view/1591
https://ojs.unud.ac.id/index.php/itepa/article/view/44808
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Therefore, the filtrate extraction yield was huge. 

The number of solvents used facilitates the 

stirring process during the extraction. Stirring 

functioned to increase the interaction of 

hydrogen ions in the solvent with Sargassum 

sp. extract. The greater interaction occurs, the 

greater the laminarin that dissolve in extraction 

solvents thus optimum yield can be obtained. 

In a previous study [29], the laminarin 

extraction of L. gurjanovae using cold extraction 

method with HCl solvent obtained a laminarin 

yield of 17.6%, while hot extraction with water 

obtained 8.7%. Meanwhile, crude laminarin 

from Eisenia bicyclis which is extracted with 

0.09 N HCl at room temperature produced a 

14,5% yield of the dry weight of seaweed [17]. 

Another study performed laminarin extraction 

using the Ultrasound assisted extraction (UAE) 

method with hydrochloric acid which produced 

laminarin concentrations at 5.82% and 6.24% 

respectively of A. nodosum and L. hyperborea 

dry weight of [2]. If compared to three studies 

above, the research laminarin extraction results 

from Sargassum sp. originated from Jepara, 

Indonesia in this research was much higher, 

0.87 - 24.17% through extraction used HCL and 

9.92 - 15.5% through extraction used acetic 

acid. One of the reasons was the different 

sources of laminarin used. Variations in the 

seaweed laminarin content can be influenced 

by the type of seaweed, harvest season, living 

habitat, and extraction method [2]. 

 

Characterization of Crude Laminarin 

Characterization of crude laminarin 

could be analyzed by the pattern of functional 

groups determined from infrared absorption of 

an FT-IR spectrometer with a frequency 

between 4000 – 400 cm-1. This FT-IR method 

is sensitive to anomeric structure (position and 

configuration) of glycosidic bonds in glucan. It is 

possible to analyze glucan in high molecular 

fraction crude isolated from various raw 

materials [30]. The analysis of functional group 

absorption band of L-HCl and L-ACT samples 

has been compared to absorption bands from 

standard laminarin (sigma) from other studies 

[20]. The FT-IR absorption band produced 

(Figure 2) showed that L-HCl and L-ACT had 

infrared absorption bands that were similar to 

other laminarin standard absorption bands in 

previous studies [20]. 

Based on the absorption band, L-HCl 

and L-ACT samples showed wide absorption 

peaks at wave numbers of 3278.36 cm-1 and 

3311.74 cm-1 respectively, which vibrated from 

the stretching of O-H functional group from 

carbohydrate [7]. The wide absorption peak 

near 3400 cm-1 represents O-H of hydroxyl 

stretching for all polysaccharide compounds 

[7,30]. The absorption band was also identified 

in standard laminarin [20]. The bending 

vibration of the -OH group was detected in the 

L-HCl sample at a wave number of 2360.62 cm-

1, while in the L-ACT sample, there was an 

absorption peak in the wave number region at 

2359.96 cm-1.Vibration of aromatic C-C 

functional group in both samples of laminarin 

(L-HCl at 1618.00 cm-1 and L-ACT at 1538.54 

cm-1) showed anisomeric stretching with 

absorption peak around 1620 cm-1 which was 

also found in standard laminarin [20,31]. Peak 

absorbance of L-HCl and L-ACT at 1406.74 

cm-1 and 1409.35 cm-1 respectively indicated 

the presence of carboxyl group (C-H bending 

vibration) as well as standard laminarin with 

peaks approaching 1420 cm-1  [20]. 

https://link.springer.com/article/10.1134/S1068162007010116
https://koreascience.kr/article/JAKO200612842602000.page
https://ifst.onlinelibrary.wiley.com/doi/10.1111/ijfs.12692
https://ifst.onlinelibrary.wiley.com/doi/10.1111/ijfs.12692
https://pubmed.ncbi.nlm.nih.gov/25332993/
https://www.sciencedirect.com/science/article/pii/S0268005X20311425
https://www.sciencedirect.com/science/article/pii/S0268005X20311425
http://www.bbp4b.litbang.kkp.go.id/jurnal-jpbkp/index.php/jpbkp/article/view/692
http://www.bbp4b.litbang.kkp.go.id/jurnal-jpbkp/index.php/jpbkp/article/view/692
https://pubmed.ncbi.nlm.nih.gov/25332993/
https://www.sciencedirect.com/science/article/pii/S0268005X20311425
https://www.sciencedirect.com/science/article/pii/S0268005X20311425
https://www.mdpi.com/1422-0067/13/11/14262
https://www.sciencedirect.com/science/article/pii/S0268005X20311425
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Figure 2. FT-IR spectrum of L-HCl and L-ACT. 
 

Tabel 2. interpretation of FT-IR spectra of 
laminarin crude extract 

 
Wave Number (cm-1) possible 

functional 
groups 

L-ACT L-HCl 
Referen
ce [20] 

3311.74 3278.36 3400 
-OH 

stretching; 
-OH Groups 

2359.96 2360.62 2410 
-OH bending; 
Transmitting 
angle peak 

1538.54 1618.00 1620 
C-C aromatic; 

anisomeric 
stretching 

1409.35 1406.74 1420 
C-H bending; 

carboxyl 
groups 

1230.89 1220.94 1200 
C-O-C 

Stretching; 
sugar region 

1022.58 1030.27 1030 
R-O-R 

(Acetal); 
944.94 910.24 950 O-R cyclic 

 

There are two important absorption 

area to characterize structural 

polysaccharides, namely the sugar area with 

1200 – 950 cm-1 of wavelength and the 

anomeric area with 950 – 750 cm-1 of 

wavelength [30]. The stretching vibration of 

C-O-C and R-O-R (Acetal) on glycosidic bond 

and pyranoid ring produced absorption bands 

for two samples, with L-HCl number at 

1220.94 cm-1 and 1030.27 cm-1, while L-ACT 

at 1230.89 cm-1 and 1022.58 cm-1. 

Meanwhile, the glycosidic bond and pyranoid 

ring of standard laminarin dominated at 

peaks of 1200 cm-1 and 1030 cm-1 [20,32]. 

The occurrence of vibrations in the sugar 

area indicates the presence of alduronic acid 

(sugar acid) such as guluronic acid or 

mannuronic acid in polysaccharides. Uronic 

acid is a constituent component of alginate 

polymers in the form of alginic acid [20,33]. 

Alginic acid is observable on standard 

laminarin [20]. Furthermore, a weak 

absorption band at 910.24 cm-1 from L-HCl 

and a strong absorption band at 944.94 cm-1 

from L-ACT indicated vibration of cyclic O-R 

in glucose anomeric structure [30]. 

Meanwhile, on the standard laminar, the 

presence of a glucose anomeric structure is 

indicated by a weak band at 880 cm-1 [30]. 

Band shifting towards a higher wave number 

 

L-HCl 

L-ACT 

https://www.sciencedirect.com/science/article/pii/S0268005X20311425
https://pubmed.ncbi.nlm.nih.gov/25332993/
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is a marker of an amorphous state [30]. Thus, 

extracting Sargassum from the sea waters of 

Jepara using either a strong or weak acid 

extraction method could produce laminarin. 

 

Figure 3. Nutrition content from crude 
laminarin extract. 
 

Laminarin has been known to have 

various bio-functional activities such as 

antitumor, anti-apoptotic, anti-inflammatory, 

anticoagulant, and antioxidant activity [2]. 

Research on feeding laminarin-rich extract to 

animals has shown its suitability as a 

functional food and feed [2]. Besides its yield 

and chemical functional groups, the 

characteristics and quality of laminarin crude 

extract from Sargassum sp. could be 

observed based on its nutritional 

components, such as moisture, ash, crude 

protein, and crude fiber content. Therefore, 

the nutrition composition could determine the 

potential of such material as a nutraceutical 

ingredient. Factors that can affect the 

nutritional composition of a seaweed extract 

are the species and the extraction process; in 

this study, the extraction process was 

conducted in three steps which were: the 

heating process with acid solvents (acetic 

acid and hydrochloric acid), the filtering to 

separate filtrate from residue, then the cold 

drying to obtain laminarin crude extract. The 

chemical composition of laminarin crude 

extract as a nutritional value consisting of 

water and ash content, crude protein content 

and crude fiber content of laminarin crude 

extract was shown in Figure 3.  

The water content of Sargassum sp. 

extracted with HCl solvent (L-HCl) was lower 

at 9,41% compared to extraction with acetic 

acid solvent (L-ACT) at 16,19%. The high 

water content of L-ACT showed that the 

drying method was less effective to be 

applied to Sargassum sp. extracted with 

acetic acid solvent. The high or low value of 

water content in a product can be influenced 

by drying conditions (drying temperature, 

drying time, and a combination of both) so 

that treatment with the right drying conditions 

will produce the desired moisture content 

[34–36]. However, with the same drying 

method, L-HCl had low water content. It may 

be due to differences in hydrophilicity and 

volatility between the acetic acid and 

hydrochloric acid contained in the filtrate that 

affected water content in the extract [37,38]. 

The hydrophilicity and volatility of acetic acid 

were lower than hydrochloric acid. Thus, it 

was more difficult to separate the laminarin 

extract from acetic acid solvent by cold 

drying. This water content is an important 

characteristic in determining the quality of 

laminarin extract as it can affect the shelf life 

of the laminarin crude extract [34]. The water 

contained in the laminarin crude extract can 

trigger microbiological activity, affectinghe 

storage period and the quality of laminarin 

[39]. Products with a low water content can 

have a longer shelf life than those with high 

water content [40]. Maximum moisture 

content for dry products is 10%, and products 

https://pubmed.ncbi.nlm.nih.gov/25332993/
https://ifst.onlinelibrary.wiley.com/doi/10.1111/ijfs.12692
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with less than 14% of moisture can prevent 

mold growth [41]. 

Besides water content, ash content 

also affected the quality of seaweed 

laminarin, which can determine the quality of 

product purity from undesired components 

[40]. Ash content can also be related to the 

number of inorganic compounds and salts in 

the aquatic environment where algae grow 

[42]. The ash content of L-HCl extraction in 

this study was 62.16%, higher than L-ACT 

which was 55.05%. Meanwhile, other studies 

reported that hot water extract from 

Sargassum polycystum originating from the 

coast of Bo Mao Bay, Thailand has a very low 

ash content value of 0.19 ± 0.04% [43]. The 

high ash content in L-HCl was probably due 

to extraction using hydrochloric acid which 

was strong acid. L-HCL solvent dissolved the 

minerals contained in seaweed better 

compared to extraction using acetic acid 

solvent which is a weak acid. High mineral 

content affects high ash content vice versa. If 

the mineral content is small, the ash content 

of the material is also small [40,44]. The high 

or low ash content is affected by the presence 

of other mineral salts attached to seaweed 

such as sodium and calcium [34,45]. High 

ash content in seaweed extract flour mostly 

comes from salts and other minerals that 

bound to seaweed polymers 

(polysaccharides), such as K, Mg, Ca, Na, 

and ammonium galactose and their sulfate 

content [34,35]. Furthermore, the ash content 

in the final product of processed algae may 

be affected by the washing procedure after 

algae harvesting. In addition, the residue 

from the use of inorganic acid solvents such 

as HCl can increase the ash content of the 

crude laminarin. 

The brown seaweed has a lower 

protein content, ranging from 3-15% of dry 

weight, compared to green and red seaweed, 

which have 10-47% dry weight protein 

content [42,46]. According to MacArtain et.al. 

[47], the protein content of seaweed ranges 

from 4.6% of dry weight and varies 

depending on the season and species. For 

Sargassaceae seaweed such as Sargassum 

binderi, Sargassum cinereum, Sargassum 

crassifolium, and Sargassum sp., the protein 

content varies between 5.19 – 16.72% [46]. 

The highest protein levels are obtained 

during the winter and spring, while the lowest 

protein levels are obtained during summer 

[46]. Environmental conditions, such as light 

intensity and nitrogen storage, influence the 

protein content of seaweed during different 

seasons. In winter and spring, the presence 

of nutrients reaches a maximum, which 

results in maximum protein formation. 

Conversely, during summer, the high 

intensity of sunlight causes protein 

degradation, and thus protein storage in the 

thallus is not maximized [46]. In tropical 

regions, such as Indonesia, the protein 

content of seaweed is higher during the rainy 

season compared to the dry season. 

The protein content of a product can 

determine its quality [41]. Therefore, a higher 

protein content is associated with better 

product quality [41]. In this study, the crude 

protein content of L-ACT was 4.3%, lower 

than the protein content of L-HCl (7.00%). 

However, the protein level of L-ACT was not 

significantly different from the lowest protein 

range of seaweed from the Sargassaceae 
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family, which is around 5.19% [46]. 

Chamidah et al. [4], which produced a protein 

content of 4.33% in laminarin extracted with 

sulfuric acid solvent, the use of a weak acid 

solvent in the form of acetic acid in this study 

was able to extract laminarin without 

decreasing the protein content. During the 

extraction process, the solubility of a 

compound in a solvent can be influenced by 

polar and nonpolar bonds [48]. Protein is a 

polar compound, and thus it can easily bond 

with polar solvents. HCl is more polar than 

acetic acid so it can bind more protein 

molecules. The high amount of protein 

dissolved in the HCl solvent is due to the 

many hydrogen bonds formed between HCl 

and protein molecules. In acetic acid, the 

number of hydrogen bonds formed is lower 

due to the presence of hydrocarbon bonds 

that cannot form hydrogen bonds [48]. 

The results of crude fiber analysis both 

in L-HCl and L-ACT were not identified (0%). 

This indicated that HCl and acetic acid at pH 

3 did not leave crude fiber inside the extract. 

The crude fiber content in a material can 

change due to the processing on the original 

material [49]. Crude fiber is part of food that 

cannot be hydrolyzed by chemicals or strong 

acids and strong bases [49]. Crude fiber 

consists of lignin which is not soluble in alkali, 

which is related to nitrogen and cellulose [50]. 

The crude fiber fraction contains cellulose, 

hemicellulose and lignin, depending on the 

species and growth phase of the plant 

material [51]. Crude fiber can play a role in 

blocking the absorption of other nutrients 

such as fat, carbohydrates and protein thus 

all nutrients can be absorbed [49]. Crude fiber 

is important in assessing the quality of food 

ingredients because this number is an index 

to determine food's nutritional value [49]. The 

high crude fiber content in a product affects 

the slow rate of nutrition digestion and 

absorption [52]. The absence of identified 

crude fiber in the laminarin indicates that the 

product had a high level of digestibility. 

 
CONCLUSION 

Sargassum sp. originated from the 

Jepara, Central Java could produce a crude 

laminarin extract around 9.92 – 24.17% of dry 

weight through the Laminarin Acid Extraction 

(LAE) method, so it was potential to be used 

as a source of raw material for producing 

laminarin. The use of acetic acid (pH 3) in the 

LAE method as an alternative of edible 

solvent to produce crude laminarin extract 

from Sargassum sp. up to 15.5 % of dry 

weight with a solvent ratio of 1:5 (w/v). The 

crude laminarin extract produced from 

extraction using acetic acid solvent (L-ACT) 

had a lower ash content at 55.05% compared 

to extraction using hydrochloric acid (L-HCl) 

at 62.16%. The protein content in L-ACT 

about 4.3%, was not different from most of 

the algae protein studied which was 4.3% of 

the dry weight, although still lower than the 

protein content contained in L-HCl (7.00%). 

Meanwhile, crude fiber levels in both L-ACT 

and L-HCl were not identified. On the other 

hand, the water content in L-ACT was still 

high (16.19%), even though it had gone 

through a longer drying time than L-HCl. from 

this study, it could be seen that acetic acid 

had a potency to replace hydrochloric acid as 

a solvent in the LAE method in many previous 

studies to produce laminarin from Sargassum 

sp. with several advantages such as the cost 

of extraction becomes lower, safer, and 
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allows it to be applied on an industrial scale. 

Nonetheless, further studies could focus on 

optimizing the extraction process with acetic 

acid as a solvent to reduce the water content 

in the laminarin crude extract to below 10%. 

In this study, the origin of the raw materials 

and the differences in the extraction process 

may give different results. 
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