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INTRODUCTION

The poultry industry plays strategic roles in meeting 
the global demands for efficient and sustainable ani-

mal protein. One of them is the use of antibiotics as feed 
additives for increasing the growth of poultry. However, 
excessive use of feed additives, particularly antibiotics, has 
raised global concerns due to the emergence of antibiot-

ic-resistant bacterial strains and antibiotic residues in food 
products. These impacts not only threaten human health 
but also disrupt ecosystem balance and the sustainability 
of the livestock entreprise. The use of antibiotics has been 
shown to have negative consequences for the environment, 
animal health, and consumer safety (Arsene et al., 2022). 
In response to this situation, the Indonesian government 
banned the use of antibiotics as growth promoters starting 
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in January 1st, 2018 through the act number 14/2017 by 
the Ministry of Agriculture. This has driven the develop-
ment of natural compound-based innovations to support 
livestock productivity without negative side effects.

One promising natural compound is alginate, a natural 
polymer derived from brown seaweed. Alginate exhibits 
various biological activities, including antimicrobial, anti-
oxidant, and anti-inflammatory properties (Liu et al., 2019; 
Fu et al., 2023). This compound has shown to inhibit the 
growth of pathogenic bacteria in poultry gastrointestinal 
tracts by forming a protective layer that prevents pathogen 
adhesion and proliferation (Zhu La et al., 2023; Fu et al., 
2023). Additionally, alginate functions as a prebiotic, pro-
motes lactic acid bacteria populations, lowers gastrointesti-
nal pH, and suppresses pathogenic bacteria growth in the 
small intestine and cecum. Using alginate as a feed additive 
alternative to antibiotics not only enhances poultry perfor-
mance but also supports gastrointestinal health (Liu et al., 
2019). Previous studies have shown that the inclusion of 
alginate oligosaccharides (AOS) at 200mg/kg in diets im-
proves feed intake, production performance, and lactic acid 
bacteria populations while reducing Escherichia coli popula-
tions in the intestine and cecum (Zhu La et al., 2023).

The brown seaweed Turbinaria murayana is a potential 
source of alginate. This seaweed grows abundantly along 
the shores of Sungai Nipah Beach, Pesisir Selatan Re-
gency, yet remains underutilized. According to Mahata et 
al. (2023), the brown seaweed growing on Sungai Nipah 
Beach can be harvested at a rate of 1 ton per week. The 
alginate content in T. murayana has been reported to reach 
34.93% (Reski et al., 2024). In addition to its antimicrobial 
properties, alginate from this seaweed also has the potency 
to reduce fat and cholesterol levels in meats and eggs. The 
use of T. murayana seaweed flour at 15% in broiler diets has 
been reported to maintain production performance while 
reducing abdominal fat (Reski et al., 2022). Fermented T. 
murayana seaweed included at up to 20% in diets for quails 
and laying hens has also been shown to maintain egg qual-
ity while lowering egg yolk cholesterol levels (Reski et al., 
2023).

Alginate extraction methods from brown seaweed have 
been extensively studied, including acid, alkaline, and cal-
cium methods (Peteiro, 2017; Bojorges et al., 2023). The 
acid methods, such as the Vincent, Herter, and Bashford 
method (Prasetyaningrum and Purbasari, 2002), and 
Zailanie method (Zailanie et al., 2001), have advantages in 
producing high-quality alginate with lower costs compared 
to other methods (Husni et al., 2012). Acid, alkaline, and 
calcium extraction methods are widely used to obtain al-
ginate from brown seaweed (Bojorges et al., 2023). Stud-
ies on Macrocystis pyrifera have demonstrated that the acid 
methods is more effective than that of the other methods 

(Peteiro, 2017). Alginate extraction from Turbinaria mu-
rayana seaweed has previously been conducted using the 
Zailanie method, yielding 13.51% (Reski et al., 2021). This 
yield is relatively low, necessitating the identification of a 
more suitable extraction method to obtain a higher alginate 
yield than the previous approach.

However, no specific studies have evaluated alginate ex-
traction methods from T. murayana to produce alginate as 
an antibiotic substitute feed additive for poultry. Therefore, 
this study aims to explore the effectiveness of different al-
ginate extraction methods from T. murayana in producing 
high-quality alginate that supports poultry performance 
and health.

MATERIAL AND METHODS

Research Implementation
The study began with the preparation of materials and 
equipment. Seaweed flour was prepared from T. murayana 
seaweed obtained from Sungai Nipah Beach, Pesisir Se-
latan Regency. Fresh seaweed was soaked in fresh water 
for two days to remove dirt and salts. After soaking, the 
seaweed was sun-dried until it reached a moisture content 
of 12% (Reski et al., 2024). The dried seaweed was then 
ground using a hammer mill machine to produce fine flour.

The resulting T. murayana flour was used as the base mate-
rial for the alginate extraction process. Extraction was per-
formed using three different methods: acid, alkaline, and 
calcium methods. Each method involved specific steps to 
optimize the quality of the alginate obtained. A detailed 
procedure for each extraction method is presented in Fig-
ure 1.

Material
This study utilized T. murayana seaweed flour as the prima-
ry material, obtained through drying and grinding process-
es. The chemicals used included:

•	 distilled water, 
•	 1% HCl solution. 
•	 5% HCl solution.
•	 7.5% Na₂CO₃ solution. 
•	 0.1 M CaCl₂ solution. 
•	 96% ethanol. 
•	 96% isopropanol alcohol. 
•	 filter paper.

The equipment employed in the study included a blender, 
digital balance, beakers, Erlenmeyer flasks, glass rods, fun-
nels, porcelain dishes, a hotplate stirrer, and graduated pi-
pettes. These tools were used throughout the various stages 
of the research to facilitate optimal alginate extraction.
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Figure 1: Procedure for alginate extraction using different 
methods (Modified from Peteiro, 2017).

Experimental Design
This study employed an experimental method using a 
Completely Randomized Design (CRD) consisting of 
three treatments, in which each treatment was replicated 
six times. The treatments applied were three alginate ex-
traction methods from T. murayana seaweed: the acid, alka-
line, and calcium methods. The data obtained were analyz-
ed using analysis of variance (ANOVA) with SPSS version 
25 software. If there is the effect of treatments, the differ-
ences among treatments were detected using the Duncan’s 
Multiple Range Test (DMRT) according to the procedure 
described by Steel and Torrie (1991).

Measured Variables
The measured variables in this study included alginate yield, 
moisture content, ash content, viscosity, molecular weight, 
and functional group analysis of alginate. Alginate yield 
was calculated by comparing the obtained alginate’s weight 
with the raw material’s initial weight, then multiplying by 
100% (Subaryono et al., 2017). Moisture and ash content 
were analyzed using the proximate analysis method follow-
ing the standards established by AOAC (1990). Alginate 
viscosity was measured by preparing a 1% (w/v) alginate 
solution in distilled water. The measurement was conduct-
ed using a Rapid Visco Analyzer (RVA) with a controlled 
temperature. The temperature was set at 20°C and a rota-
tion speed of 130 rpm, with results expressed in centipoise 
(Husni et al., 2012). The average molecular weight of al-
ginate was calculated using the Mark-Houwink equation 

([η]=KMv^α), with constants K = 0,023 mL/g and a = 
0.984 for sodium alginate dissolved in distilled water. In 
this equation, [η] represents intrinsic viscosity (mL/g), and 
Mv is the viscosity-average molecular weight (g/mol) (Lee 
and Mooney, 2012; Dodero et al., 2019). Functional group 
analysis of alginate was performed using Fourier Trans-
form Infrared (FTIR) spectroscopy, following the method 
described by Herdianto and Husni (2019).

Statistical Analysis
All data were analyzed using analysis of variance (ANO-
VA) in SPSS version 25. If the treatment effect were de-
tected, the differences among treatment means were further 
analyzed using the Duncan Multiple Range Test method 
(Steel and Torrie, 1991).

RESULTS AND DISCUSSION

The results of alginate extraction from T. murayana sea-
weed using different extraction methods are presented in 
Table 1.

Table 1: Mean values of alginate yield, moisture content, 
ash content, viscosity, and molecular weight obtained using 
different extraction methods (acid, alkaline, and calcium 
methods).
Alginate 
Extraction 
Methods

Alginate 
Yield 
(%)

Moisture 
Content 
(%)

Ash 
Content 
(%)

Viscos-
ity (cPs)

Molecular 
Weight (g/
mol)

Acid 
Method

26.93c 13.44a 23.74c 15.75a 76,786.97a

Alkaline 
Method

37.86b 14.02a 37.63b 7.32b 32,446.55b

Calcium 
Method

48.18a 5.72b 48.65a 7.34b 32,559.62b

SEM 0.44 0,32 0.83 0.20 0.41
SEM: Standard Error of the Mean; a,b,c Means with 
different superscripts at the same column indicate highly 
significant differences (p<0.01).

The functional group analysis of alginate extracted from T. 
murayana using Fourier Transform Infrared (FTIR) spec-
troscopy is presented in Figures 2, 3, and 4.

The results of the study showed that alginate extraction 
from T. murayana seaweed using different extraction meth-
ods had a highly significant effect (P < 0.01) on alginate 
yield, moisture content, ash content, viscosity, and molec-
ular weight. Alginate yield as well as ash content of T. mu-
rayana seaweed from the calcium method is the highest 
compared to acid and alkaline methods. Meanwhile, the 
moisture content is the lowest at this calcium method. The 
viscosity and molecular weight from calcium method are 
not different from alkaline method, but they are different 
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from acid method. These viscosity and molecular weight of 
T. murayana from the acid method are the highest. 

Figure 2: FTIR spectrum of alginate extracted using the 
acid method.

Figure 3: FTIR spectrum of alginate extracted using the 
alkaline method.

Figure 4: FTIR spectrum of alginate extracted using the 
calcium method.

Alginate Yield
The mean alginate yields obtained were 26.93% (acid 
method), 37.86% (alkaline method), and 48.18% (calcium 
method). The highest alginate yield was produced using the 
calcium method, followed by the alkaline and acid meth-
ods. The high yield obtained with the calcium method is at-
tributed to the ionic bonding of Ca⁺ ions with the alginate 
filtrate during the precipitation process using CaCl₂, as al-
ginate readily binds with Ca ions. According to Maharani 
et al. (2017), alginate extraction using the calcium method 
produces a higher yield than the acid method due to the 
ionic bonding of Ca2⁺ ions from the CaCl₂ solution during 
the precipitation process. This is also supported by Husni et 
al. (2012), who stated that alginate yield using the calcium 
method is higher than that of the acid pathway. Latifi et al. 
(2015) further reported that the calcium pathway method 
yields higher alginate, 25–30%, compared to the acid meth-
od, which ranges from 12–16%. The alginate yield using the 
alkaline method (37.86%) in this study was higher than the 
33% reported by Peteiro (2017). The alginate yield obtained 
using the acid extraction method in this study (26.93%) is 
comparable to the alginate yield from Macrocystis pyrifera 
as reported by Peteiro (2017), which was 27%, and higher 
than the alginate yield extracted from Sargassum sp. as re-
ported by Latifi et al. (2015), which ranged from 12% to 
16%. The alginate yield obtained from all three methods 
meets the standards for alginate as specified by the Food 
Chemical Codex (FCC, 2004), which requires yields more 
significant than 20%. Therefore, all three methods effec-
tively extract alginate from T. murayana seaweed.

Moisture Content
The mean moisture content of alginate obtained using dif-
ferent extraction methods in this study was 13.44% (acid 
method), 14.02% (alkaline method), and 5.72% (calcium 
method). The moisture content of alginate in this study 
meets the standard set by the Food Chemical Codex (FCC, 
2004), which requires a moisture content of <15%. The 
moisture content of alginate extracted using the acid and 
alkaline methods showed no significant difference. How-
ever, the moisture content of alginate extracted using the 
calcium method was lower than that obtained using the 
acid and alkaline methods. This difference is due to the var-
ying responses of alginate to precipitation processes using 
different solutions (acid, alkaline, and calcium). According 
to Pasaribu et al. (2020), the alginate moisture content is 
influenced by the soaking and precipitation processes as 
well as the type of solution used. Additionally, the moisture 
content of alginate is affected by the method and duration 
of the drying or sun-drying process (Latifi et al., 2015). The 
moisture content of alginate in this study is comparable to 
that reported by Maharani et al. (2017), which ranged from 
9.35 to 11.35% and is lower than the values reported by 
Addina et al. (2020).
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Ash Content
The mean ash content of alginate obtained using different 
extraction methods in this study was 23.74% (acid method), 
37.63% (alkaline method), and 48.65% (calcium method). 
The highest ash content was produced using the calcium 
method, followed by the alkaline and acid methods. The ash 
content of alginate extracted using the calcium and alkaline 
methods was higher than the quality standard for alginate 
set by the Food Chemical Codex (FCC, 2004), which is 
18–27%. The high ash content in alginate produced using 
the calcium and alkaline methods is attributed to Ca and 
Na minerals bound to the alginate during precipitation. 
The calcium method uses a CaCl₂ solution, while the al-
kaline method uses Na₂CO₃ and ethanol for precipitation. 
Alginate readily binds with Ca minerals, which facilitates 
precipitation, whereas Na minerals tend to remain soluble, 
leading to higher ash content in alginate obtained using 
the calcium and alkaline methods. According to Herdianto 
and Husni (2019), the ash content of alginate is influenced 
by the mineral composition of the seaweed and the extrac-
tion solution used. Addina et al. (2020) further noted that 
the ash content of alginate is affected by the type of raw 
material, extraction process, and impurities remaining in 
the alginate. The ash content of alginate extracted using the 
acid method (23.74%) met the quality standard for algi-
nate set by the Food Chemical Codex (FCC, 2004), which 
is 18–27%. This is due to the use of 1% HCl for initial 
soaking and 5% HCl for alginate precipitation in the acid 
method, which reduces the minerals in the seaweed dur-
ing extraction and precipitation, as HCl can dissolve min-
erals present in alginate. Maharani et al. (2017) reported 
that alginate extraction using 1% and 5% HCl can reduce 
ash content by up to 6%. Factors contributing to reducing 
ash content include the washing process and adding 1% 
HCl during alginate precipitation (Pasaribu et al., 2020). 
Alginate produced using the acid extraction method was 
superior to the calcium and alkaline methods and met algi-
nate quality standards. The ash content of alginate obtained 
using the acid method in this study was consistent with 
the findings of Kamisyah et al. (2020), which reported an 
ash content of 20–30%, and Pasaribu et al. (2020), which 
reported 20.83–26.83%.

Viscosity
The mean viscosity of alginate obtained using different ex-
traction methods in this study was 15.75 cPs (acid method), 
7.32 cPs (alkaline method), and 7.34 cPs (calcium method). 
The acid method observed the highest viscosity, followed 
by the calcium and alkaline methods. The viscosity of alg-
inate extracted using the acid method was consistent with 
the values reported by Kamisyah et al. (2020), which ranged 
from 8.74–8.91 cPs, and Pasaribu et al. (2020), which re-
ported values of 8.23–11.42 cPs. The higher viscosity ob-
served with the acid method compared to the calcium and 
alkaline methods is due to the absence of calcium alginate 

formation using CaCl₂, preventing excessive alginate chain 
fragmentation (Maharani et al., 2017). In contrast, precip-
itation using the alkaline method with ethanol is less ef-
ficient, as ethanol has a very high polarity, making it less 
effective at binding hydroxyl groups. This results in the al-
ginate solution exhibiting properties closer to highly polar 
water (Pasaribu et al., 2020). The viscosity of alginate pro-
duced using the acid extraction method (15.75 cPs) meets 
the alginate quality standards for low viscosity alginate as 
specified by Dodero et al. (2019), which is 4–12 cPs and 
medium viscosity 2000 cPs.

Molecular Weight
The mean molecular weight of alginate obtained using dif-
ferent extraction methods in this study was 76,786.97 g/
mol (acid method), 32,446.55 g/mol (alkaline method), and 
32,559.62 g/mol (calcium method). These results indicate 
a highly significant difference in molecular weight between 
alginate extracted using the acid method and those extract-
ed using the alkaline and calcium methods. The higher mo-
lecular weight of alginate in the acid method is also influ-
enced by its higher viscosity compared to the alkaline and 
calcium methods. Viscosity is closely related to molecular 
weight; higher viscosity corresponds to a higher molecu-
lar weight of alginate (Subaryono, 2010). The molecular 
weight of alginate produced in this study meets the mo-
lecular weight standards established by Lee and Mooney 
(2012), which range from 32,000–400,000 g/mol, and Sub-
aryono (2010), which range from 32,000–200,000 g/mol. 

Table 2: Wavenumber values of functional groups in 
alginate extracted using different methods.
Alginate 
Extract-
ed Using 
the Acid 
Method 
cm⁻¹

Alginate 
Extracted 
Using the 
Alkaline 
Method 
cm⁻¹

Alginate 
Extracted 
Using the 
Calcium 
Method 
cm⁻¹

Ref-
erence 
Wave-
num-
ber 
cm⁻¹

Interpretation of 
Functional Groups 
cm⁻¹

3483.50 3427.56 3480.61 3500a Hydroxyl Group O-H
1653.02 1634.70 1634.70 1620a Asymmetric COO-

1032.90 1032.90 1029.04 1023.4b Carboxyl Group lC-O
1423.49 1436.03 1386.84 1410a Symmetric COO-

Note: aJu et al. (2002); bSergios et al. (2010).

Functional Group Analysis of Alginate (FTIR) 
The functional group analysis of alginate extracted using 
different methods—acid, alkaline, and calcium—was con-
ducted using FTIR (as shown in Figures 2, 3, and 4), and the 
results are presented in Table 2. The compounds found in 
the alginate extracted in this study include hydroxyl groups 
(O-H), asymmetric COO⁻ groups, symmetric COO⁻ 
groups, and carboxyl groups (C-O). This is consistent with 
Ju et al. (2002), who stated that alginate compounds have 
three specific peaks: hydroxyl bonds at absorption regions 
around 3500 cm⁻¹, asymmetric COO⁻ at around 1620 
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cm⁻¹, and symmetric COO⁻ at around 1410 cm⁻¹. Yulianto 
(2007) also reported that the wavenumber range for hy-
droxyl groups (O-H) is between 3200–3500 cm⁻¹, and for 
carbonyl groups (C=O) is between 1600–1680 cm⁻¹. The 
hydroxyl group in alginate extracted using the acid method 
appeared at an absorption region of 3483.50 cm⁻¹, using 
the alkaline method at 3427.56 cm⁻¹, and using the calcium 
method at 3480.61 cm⁻¹. These results align with Yulianto 
(2007), who stated that the absorption region for hydrox-
yl groups is between 3200–3500 cm⁻¹, and with Mahara-
ni et al. (2017), who reported a range of 3425.58–3456.44 
cm⁻¹. The asymmetric COO⁻ group in alginate extracted 
using the acid method appeared at 1653.02 cm⁻¹, using the 
alkaline method at 1634.70 cm⁻¹, and using the calcium 
method at 1634.70 cm⁻¹. These results are consistent with 
Ju et al. (2002), who reported 1620 cm⁻¹; Yulianto (2007), 
who reported 1600–1680 cm⁻¹; and Herdianto and Hus-
ni (2019), who reported 1623.74–1629.79 cm⁻¹. The sym-
metric COO⁻ group in alginate extracted using the acid 
method appeared at 1423.49 cm⁻¹, the alkaline method at 
1436.03 cm⁻¹, and the calcium method at 1386.84 cm⁻¹. 
These results closely align with Maharani et al. (2017), 
who reported 1411.89–1419.61 cm⁻¹, and Herdianto and 
Husni (2019), who reported 1420.33–1488.11 cm⁻¹. The 
carboxyl group (C-O) in alginate extracted using the acid 
method appeared at 1032.90 cm⁻¹, the alkaline method at 
1032.90 cm⁻¹, and the calcium method at 1029.94 cm⁻¹. 
These results are consistent with Maharani et al. (2017), 
who reported 1023.40–1033.85 cm⁻¹, and Herdianto and 
Husni (2019), who reported 1031.88–1093.70 cm⁻¹. Algi-
nate extracted using different methods (acid, alkaline, and 
calcium) met the quality standards for alginate-based on 
functional group analysis. The best results were obtained 
from alginate extracted using the acid method, as its wav-
enumbers closely matched the reference standards for alg-
inate compounds.

Based on the results of this experiment, the acid extraction 
method produced alginate with yield, moisture content, 
ash content, viscosity, and molecular weight that met the 
quality standards set by the FCC (2004), which include an 
alginate yield of >20%, moisture content <15%, ash con-
tent 18-27%, viscosity 4-2000 cPs, and molecular weight 
32,000-400,000 g/mol. Although the alkaline and calcium 
methods resulted in higher yields than the acid method, 
the ash content of the alginate obtained from these meth-
ods did not meet the quality standards established by the 
FCC (2004).

CONCLUSIONS AND 
RECOMMENDATIONS

The alginate extraction method from Turbinaria muraya-
na seaweed using the acid pathway was the most effective 
method for producing alginate that meets quality stand-

ards. The alginate produced using the acid method had 
a yield of 26.93%, moisture content of 13.44%, ash con-
tent of 23.74%, viscosity of 15.75 cPs, molecular weight 
of 76,786.97 g/mol, and functional group analysis using 
FTIR that aligned with the standard alginate compound. 
These values comply with the quality standards for alginate 
as specified by the Food Chemical Codex in which alginate 
>20%, moisture content <15%, ash content 18-27%, viscos-
ity 4-12 cPs and molecular weight 32,000-400,000 g/mol 
(FCC, 2004).
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