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Abstract

Carrageenan, a natural sulfated polysaccharide extracted from red seaweed, has attracted considerable attention in the development

of drug delivery systems, particularly as a capsule-formingmaterial. With its biodegradable, biocompatible properties and gel-forming

ability, carrageenan holds significant potential as a plant-based alternative to animal-derived gelatin. This review aims to evaluate the

potential of carrageenan, especially iota-carrageenan, in the production of soft capsules as a gelatin substitute, and to compare the

characteristics of hard and soft carrageenan-based capsules. In addition, formulation challenges and structural modification strategies

are discussed to improve the functional properties of carrageenan. Soft capsules are typically formulated using iota-carrageenan and

plasticizers such as glycerol to achieve optimal flexibility, while hard capsules utilize kappa-carrageenan due to its stronger gel texture.

Modifications such as depolymerization and blending with other polymers have been shown to enhance viscosity, elasticity, and

disintegration time of carrageenan capsules. However, several limitations remain, including high viscosity and slower disintegration

rates compared to gelatin-based capsules. Therefore, formulation optimization and improved extraction techniques are essential

for advancing carrageenan capsules as competitive alternatives in pharmaceutical applications. Looking forward, future research

should focus on optimizing low-cost and high-purity carrageenan extraction methods, engineering depolymerization processes,

and modifying kappa-carrageenan to exhibit iota-like flexibility. These approaches are expected to improve the feasibility of using

tropical seaweed-derived carrageenan as a sustainable and halal-compliant material for soft capsule shells.
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1. INTRODUCTION

Algae are a diverse group of simple aquatic plants with a long
evolutionary history, widely distributed in various marine habi-
tats. One signi�cant subgroup of algae is seaweeds (macroalgae),
which are classi�ed into red, brown, and green seaweeds based
on their pigmentation. The cell walls of red seaweeds are pre-
dominantly composed of sulfated polysaccharides such as car-
rageenan and agar, which play vital roles in structural support,
energy storage, and selective cation absorption (Pangestuti and
Kim, 2014) . Carrageenan is a major polysaccharide extracted
primarily fromKappaphycus alvarezii and Eucheuma denticulatum,
two red seaweed species widely cultivated in Southeast Asia,
including Indonesia (Imeson, 2009) .

Commercial carrageenan is typically classi�ed into three
main types based on its structure and gel-forming properties:
kappa (^ ), iota (]), and lambda (_ ). Kappa-carrageenan forms

strong and brittle gels in the presence of potassium ions; iota-
carrageenan forms soft, elastic, and transparent gels in the
presence of calcium ions; and lambda-carrageenan does not
form gels and is generally used as a thickening agent in liquid
products (Pangestuti and Kim, 2014) .

Soft capsules are among the most commonly used oral
pharmaceutical dosage forms due to their ability to protect
liquid active ingredients from oxidation while improving pa-
tient compliance. These capsules can mask unpleasant tastes
and odors, provide airtight sealing, and rapidly disintegrate in
the stomach upon administration (Gullapalli and Mazzitelli,
2017) . Traditionally, soft capsules are made from gelatin de-
rived from animal sources such as bovine or porcine collagen
(Nafchi et al., 2014) . However, gelatin poses several issues,
including dietary and religious restrictions (e.g., for muslim,
jewish, vegetarian, or vegan populations), as well as health con-
cerns such as the risk of bovine spongiform encephalopathy
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(BSE), thereby highlighting the need for plant-based and safer
alternatives (Gullapalli and Mazzitelli, 2017) .

Carrageenan has emerged as a leading candidate for replac-
ing gelatin in capsule formulation in recent years. However,
it is important to note that not all types of carrageenan are
suitable for soft capsules. Although comparable to gelatin in
gel strength, Kappa-carrageenan is more appropriate for hard
capsule applications due to its brittle gel texture (Soraya et al.,
2024) . In contrast, iota-carrageenan is more suitable for soft
capsule applications because of its ability to form �exible and
elastic gels, which are essential for maintaining the mechan-
ical integrity of soft capsules during processing, storage, and
administration (Hilliou, 2021; Pangestuti and Kim, 2014).

Despite these advantages, using iota-carrageenan in soft
capsule formulation still faces several technical challenges, in-
cluding low solubility, high viscosity, and slower disintegration
time compared to gelatin capsules (Fauzi et al., 2020) . Addi-
tionally, the high molecular weight of carrageenan contributes
to poor solubility and excessive gel strength. To overcome
these limitations, strategies such as molecular depolymeriza-
tion have been explored. For instance, Tecson et al. (2021)
utilized ultrasonic-assisted depolymerization, which success-
fully reduced the molecular weight of kappa-carrageenan by
96.33%, thereby improving its potential for drug delivery sys-
tems.

This review aims to evaluate the potential of iota-carrageenan,
derived from red seaweed, as a plant-based alternative to gelatin
for soft capsule applications. It will examine the physicochemi-
cal characteristics, formulation challenges, and possible strate-
gies to enhance its pharmaceutical performance, including
structural modi�cation and excipient combinations.

2. Characteristics of Tropical Seaweed

Several previous researchers have observed the chemical prop-
erties of seaweed in Indonesia. The chemical properties of
seaweed can be seen in Table 1.

The chemical composition of seaweed varies signi�cantly
depending on species, habitat, harvest season, and initial pro-
cessing methods. Table 1 presents the chemical pro�les of
several tropical seaweed species commonly found in Indone-
sian waters and neighboring regions. Key chemical parameters
analyzed include moisture content, ash, protein, lipid, and
crude �ber levels. For example, Eucheuma cottonii, a signi�-
cant source of kappa-type carrageenan, contains 7.21% protein,
0.47% lipid, and 8.52% crude �ber. These values indicate a
high �ber and low-fat content, favorable traits for carrageenan
extraction. The quality of the seaweed, how it is processed,
and the water’s environmental conditions all impact the car-
rageenan quality (Hajar and Parden, 2023) .

Other species, such as Sargassum polycystum, also show po-
tential as raw materials, with ash contents ranging from 21.38%
to 30.78%. High ash content may re�ect signi�cant mineral
presence, but can also negatively a�ect the clarity and quality of
the �nal carrageenan product if not correctly managed during
processing. Ash content is an important factor in evaluating the

nutritional value of seaweed. A high ash level makes seaweed
less suitable for human consumption, reducing its e�ectiveness
as a food source (Alghazeer et al., 2022) . Meanwhile, species
like Caulerpa racemosa and Caulerpa mexicana exhibit high pro-
tein levels (up to 20.79% in C. cupressoides), which may not be
ideal for carrageenan extraction due to di�erences in polysac-
charide structure, but may be better suited for functional food
or dietary supplement applications.

These variations in chemical composition not only in�u-
ence carrageenan content but also a�ect the extraction process,
yield e�ciency, and the physical and chemical quality of the re-
sulting carrageenan. For instance, seaweeds with high moisture
content are prone to faster degradation of bioactive compounds
if not promptly dried. In contrast, high protein and lipid levels
may contaminate the �nal product, requiring additional pu-
ri�cation steps. Therefore, selecting the right seaweed species
ensures quality and production e�ciency.

Moreover, environmental factors such as salinity, temper-
ature, and nutrient availability in seawater also in�uence the
biosynthesis of bioactive compounds, including carrageenan.
As such, cultivation and post-harvest practices play an impor-
tant role in determining the quality of seaweed biomass.

A thorough understanding of the chemical characteristics
of di�erent seaweed species allows for optimizing appropriate
extraction strategies, including the choice of method, process-
ing conditions, and necessary pre-treatments. The following
section will explore the various carrageenan extraction meth-
ods commonly used, and how these methods are adapted to
di�erent seaweed compositions.

3. Extraction Method of Carrageenan

Carrageenan can be extracted using various methods such as
alkaline, enzymatic, or thermal extraction, each in�uencing its
structural and functional properties. Di�erent extraction tech-
niques a�ect the yield. Extraction using hot alkaline solvents
can reduce operational costs because it only requires simple
equipment and lower energy consumption. However, this pro-
cess takes longer due to the use of large amounts of solvent,
which can cause waste of solution, increase the risk of micro-
biological contamination, and potentially damage high-value
microalgae cell components due to alkali exposure (Firdayanti
et al., 2023) . According to Jiang et al. (2022) , the resulting car-
rageenan results in low yields and the use of large amounts of
chemicals and water, thus increasing wastewater treatment costs
exponentially. Extraction methods can provide alternatives to
minimize the use of chemicals with microwaves, ultrasonics,
and enzymatic methods.

The microwave method has advantages including short cur-
ing time, suitability for heat-sensitive compounds, e�ciency
and uniformity in heating, and high extraction yields. How-
ever, this technology has several disadvantages, such as rela-
tively high costs, the potential risk of explosion, especially in
closed microwave systems, challenges in temperature control,
and the possibility of microwave leakage, which needs to be
managed properly to ensure safety and prevent health risks.
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Table 1. Chemical Properties of Dried Tropical Seaweeds

Types of Seaweed Location Water (%) Ash (%)
Protein
(%)

Lipid
(%)

Crude
Fiber
(%)

Sources

S. polycystum Teluk Kemang 13.70 21.38 8.65 3.42 13.55
(Nazarudin et al.,

2021)

Caulerpa cupressoides Pacheco Beach 12.21 11.28 20.79 3.77 –
(Carneiro et al.,

2014)

Caulerpa Mexicana Pacheco Beach 10.70 7.79 18.06 1.52 –
(Carneiro et al.,

2014)

Hypnea musciformis Pacheco Beach 14.17 14.14 17.12 0.33 –
(Carneiro et al.,

2014)

Solieria �liformis Pacheco Beach 15.06 15.12 20.31 0.34 –
(Carneiro et al.,

2014)

U. lactuca
Pameungpeuk

Waters
16.90 11.20 13.60 0.19 – (Rasyid, 2017)

Gracilaria seaweed Karawang 11.34 5.54 9.43 0.26 –
(Purwaningsih et al.,

2024)

Gracilaria seaweed Lombok 9.51 6.58 10.73 0.62 –
(Purwaningsih et al.,

2024)

Caulerpa racemosa
Tual, Southeast

Maluku
14.66 38.41 7.60 0.71 –

(Pangestuti and Kim,
2014)

S. polycystum
Kelanit waters of
Southeast Maluku

12.19 30.78 4.92 0.32 5.37
(Erbabley and
Junianto, 2020)

S. �lipendulla
Kelanit waters of
Southeast Maluku

21.61 24.79 2.31 0.19 –
(Erbabley and
Junianto, 2020)

P.minor
Kelanit waters of
Southeast Maluku

22.31 30.53 4.78 0.52 3.81
(Erbabley and
Junianto, 2020)

S.oligocystum
Kelanit waters of
Southeast Maluku

9.40 13.08 5.64 0.46 6.49
(Erbabley and
Junianto, 2020)

P.tetrastomatoca
Kelanit waters of
Southeast Maluku

16.40 27.00 10.50 1.14 23.96
(Felix and Brindo,

2014)

E. spinosum Nusa Penida 19.55 24.26 6.04 0.012 15.12
(Diharmi et al.,

2019)

E. spinosum Takalar 21.27 23.66 7.33 0.032 18.56
(Diharmi et al.,

2019)

Eucheuma cottonii Tanjung Medang – 14.22 7.21 0.47 8.52
(Diharmi et al.,

2020)

E. striatum Mimapropa region 35.30 16.44 – – –
(Abel and Tolentino,

2024)

K. alvarezii Mimapropa region 35.70 18.55 – – –
(Abel and Tolentino,

2024)

E. denticulatum Mimapropa region 38.67 16.22 – – –
(Abel and Tolentino,

2024)

The ultrasonic extraction method has advantages including
shorter drying time, more e�cient use of solvents, improved
gel texture quality, and better temperature control capabilities.
However, this method also has several disadvantages, such as
the need for additional stirring due to uneven mixing depend-
ing on the viscosity of the sample, and the risk of reducing
the quality of the extract if the sonication process is carried

out excessively (Firdayanti et al., 2023) . Enzyme-assisted ex-
traction can reduce the use of alkali and increase extraction
yields. However, the carrageenan quality tends to be less than
optimal because the enzyme is susceptible to inactivation, and
its stability is di�cult to maintain in a practical scale production
process (Jiang et al., 2022) .

The widely used extraction method is the alkali method be-
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Table 2. Yield Results with Di�erent Carrageenan Extraction Methods

Extraction Method Yield (%) Sources

Alkali (Ca(OH) 2) 24.7 (Jiang et al., 2022)
Alkali (NaOH) 21.0 (Jiang et al., 2022)

Microwave Assisted Extraction (MAE) - KOH 3% (1:10) 68.90 (Kasim et al., 2023)
MAE – KOH 3% (1:20) 25.61 (Kasim et al., 2023)

MAE - NaOH 0,1N (1:10) 52.87 (Kasim et al., 2023)
MAE - NaOH 0,1N (1:20) 37.32 (Kasim et al., 2023)

Microwave Assisted Extraction – KOH 3% 16.6 (Vazquez-Del�n et al., 2014)
Microwave Assisted Extraction - Aqueous 21.5 (Vazquez-Del�n et al., 2014)

Ultrasonic Assisted Extraction (UAE) – NaOH 33.73 (Mendes et al., 2024)
UAE – KOH 76.70 (Mendes et al., 2024)
NAC-Alkali 23.8 (Naseri et al., 2020)

Enzyme cellulase 0.2%, xylanase 0.2%, NAC-alkali 35.5 (Naseri et al., 2020)
Alcalase 0.2% + NAC-alkali 27.8 (Naseri et al., 2020)

Bead mill 67.86 (Firdayanti et al., 2023)

cause it can produce good quality carrageenan, lower costs, and
the process is easier to implement on a large scale. However,
current carrageenan production has complex manufacturing
steps, such as the use of high concentrations of NaOH, and the
amount of water used is large and requires signi�cant invest-
ments in wastewater treatment. Several studies have innovated
to overcome these problems. The carrageenan extraction pro-
cess with Ca(OH) 2 for carrageenan extraction and CO2 for
neutralization as a substitute for the use of alkali (NaOH) has
been carried out by Jiang et al. (2022) and Liu et al. (2022) .
The results showed that the quality of kappa carrageenan pro-
duced by Ca(OH) 2 extraction was superior to the extraction
method with NaOH, such as increased gel strength, thermal
stability, and decreased viscosity. In addition, a study with
the same method on iota carrageenan showed results with a
gel texture, such as better hardness and elasticity compared
to the NaOH alkali extraction method, good thermal stabil-
ity, and lower viscosity. In the study of Kasim et al. (2023) ,
using KOH as an extraction solvent typically yields a higher
amount of carrageenan thanNaOHdue to the highermolecular
weight of potassium ions relative to sodium ions. Additionally,
the e�ciency of the extraction process is a�ected by both the
volume-to-material ratio and the concentration of the alkaline
solution used. The greater the volume and concentration of
the alkaline solvent used, the greater the yield of carrageenan
produced.

According to Jiang et al. (2022) , this is due to the absence of
preliminary alkali treatment. Without alkali, there is no conver-
sion process of D-galactose-6-sulfate to 3,6-anhydrogalactose,
which a�ects the formation of helical bonds and the stability of
the molecular structure, so the resulting gel is not strong.

In another study by Firdayanti et al. (2023) , a mechanical
method, namely a bead mill, was used in carrageenan extrac-
tion. The results showed that the yield produced was higher,
reaching 67.86% in a short time, namely ±50 minutes, com-

pared to the conventional method using alkali KOH. However,
the physicochemical characteristics, especially the gel strength
produced, were lower than those of the conventional method
with KOH solvent. Several other research results with di�erent
extraction methods on the yield of carrageenan can be seen in
Table 2.

While numerous studies have explored diverse extraction
methods for carrageenan, a critical gap remains in correlating
extraction parameters with the functionality of carrageenan in
pharmaceutical applications, particularly capsule shell forma-
tion. High yield does not always translate into better gel prop-
erties or biocompatibility. For example, the bead mill method
provides exceptional yield but results in lower gel strength, lim-
iting its use in soft capsule matrices that require mechanical
integrity.

Additionally, the scalability of enzymatic and ultrasonic
methods is yet to be validated in industrial settings, where cost,
energy e�ciency, and chemical use must be optimized. In
this regard, green extraction technologies-such as enzymatic
or microwave-assisted extraction using minimal solvents-need
further exploration, especially within the framework of GMP
(Good Manufacturing Practice) compliance.

Future studies should focus on developing a standardized
extraction-performance evaluation framework that quanti�es
yield and assesses gel strength, viscosity, sulfate content, and
biocompatibility in an integrated model. Such a framework
would bridge the gap between academic innovation and real-
world pharmaceutical application.

4. Quality of Carrageenan fromTropical SeaweedMaterials

Carrageenan is a stabilizer, thickener, and gel former in food
products. In the non-food industry, carrageenan is used as
a mixture for cosmetics, paints, and textiles, and is used in
the pharmaceutical industry (Shen and Kuo, 2017) . The car-
rageenan extraction process is done in an alkaline atmosphere
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Table 3. Characteristics of Carrageenan Quality

Sample Location Results Sources

Eucheuma spinosum Nusa penida
Yields: 25.81%, Ash: 29.03%, Gel strength:

32.73 g.cm-1 (Diharmi et al., 2017)

Eucheuma spinosum Sumenep
Yields: 34.81%, Ash: 29.57%, Gel strength:

43.30 g.cm-1 (Diharmi et al., 2017)

Eucheuma spinosum Takalar
Yields: 37.16%, Ash: 28.26%, Gel strength:

54.14 g.cm-1 (Diharmi et al., 2017)

Eucheuma cottonii Bantaeng
Yields: 7.73%, Moisture: 9.84%, Ash: 37.03%,

pH: 7.02
(Lestari et al., 2024)

K. alvarezii Wongsorejo
Yields: 36.11%, Moisture: 11.19%, Ash: 25.79%,

Viscosity: 42.33 cP
(Firdaus et al., 2021)

Eucheuma cottonii Banggai Beach
Yields: 34.51%, Ash: 36.28%, Viscosity: 1.700

cP, Gel strength: 52.37 g.cm-1 (Ferdiansyah et al., 2023)

K. alvarezii Karimun
Yields: 34.3%, Moisture: 6.3%, Ash: 59.4%,

Viscosity: 8.20 cP, Gel strength: 94.45 g.cm-1 (Manuhara et al., 2016)

using alkaline solutions such as NaOH, Ca(OH) 2, or KOH.
The use of alkali in this extraction process helps the extrac-
tion of polysaccharides to be more perfect and accelerates the
elimination of 6-sulfate from monomer units to 3,6-anhydro-
D-galactose to increase gel strength and product reactivity to-
wards protein (Campo et al., 2009; Hilliou et al., 2006; Uy
et al., 2005). The quality characteristics of carrageenan that
researchers have carried out in the last 5 years can be seen in
Table 3.

The type of species, cultivation location, and extraction
conditions greatly in�uences the quality of carrageenan pro-
duced from seaweed. Some parameters generally used to assess
carrageenan quality include yield, ash content, water content,
viscosity, gel strength, and pH. Evaluation of these parameters
is important to determine the suitability of carrageenan as a
raw material in pharmaceutical preparations, especially soft
capsules.

Yield analysis in previous studies showed that most of them
met the FAO yield standard of a minimum of 25%. Diharmi
et al. (2017), Firdaus et al. (2021), Ferdiansyah et al. (2023),
and Manuhara et al. (2016) showed that the yield produced
met the FAO standard with a yield range of 25 - 37%. Ac-
cording to Diharmi et al. (2017) , the di�erence in carrageenan
yield may be due to di�erences in growing areas. Various
factors in the growing regions may physiologically in�uence
carrageenan formation in the seaweed. The di�erence in en-
vironmental conditions, such as water temperature, pH, and
salinity in coastal areas of Nusa Penida, Sumenep, and Takalar,
may a�ect carrageenan formation in the seaweed. In addition,
the yield of carrageenan can be in�uenced by the extraction
conditions used. Sormin and Masela (2019) stated that car-
rageenan yield is in�uenced by several factors, including an
increase in pH resulting from the addition of an alkaline solu-
tion. Higher temperatures also contribute to increased yield, as
elevated heat allows for more e�cient carrageenan extraction

from seaweed.
Furthermore, alkaline treatment promotes the formation

of 3,6-anhydrogalactose during the extraction process. In the
study of Lestari et al. (2024) , the yield produced was very
low. The low yield of carrageenan can be in�uenced by several
factors, such as the use of too high an extraction tempera-
ture, which can reduce the yield of carrageenan. The higher
extraction temperatures may have resulted in polysaccharide
degradation (Webber et al., 2012) .

Water content is an essential parameter in determining
product stability during storage. Carrageenan with water con-
tent that is too high tends to be readily degraded by micro-
biology and physical factors. Previous research on the char-
acteristics of carrageenan water content shows that it meets
the FAO standard, which is a maximum of 12%. The water
content of the seaweed used can in�uence the water content
of carrageenan. Carrageenan possesses strong water-binding
properties. Its polymer chains can form intertwined double he-
lices, which enable the entrapment of free water molecules. As
the concentration of carrageenan increases, a greater amount of
water can be immobilized within its polymer network (Hamzah
et al., 2021) .

Ash content re�ects the content of minerals and inorganic
salts in carrageenan. High ash content values '' can reduce
purity and a�ect the stability of pharmaceutical preparations.
Based on previous research data, most have met the FAO ash
content standard, which is 15% - 40%. According to Chan
et al. (2013) , the ash fraction in k-carrageenan consists mostly
of macro minerals, such as potassium, sodium, calcium, and
magnesium. Ash content is directly proportional to mineral
content. The ash content of carrageenan can be a�ected by
several factors. The alkali solution concentration used in car-
rageenan extraction can a�ect the ash content of carrageenan.
The higher the concentration used, the higher the ash content
of the carrageenan produced. Alkali solutions such as NaOH
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Table 4. FTIR Characteristics of Carrageenan

Types of Carrageenan
IR Absorption Peak

(cm-1)
Information Sources

Kappa carrageenan 3319 OH stretching (Perumal and Selvin, 2020)
2930 CH stretching (Perumal and Selvin, 2020)
1619 Asymmetric C=O stretching (Perumal and Selvin, 2020)
1428 Symmetrical band of COO- (Perumal and Selvin, 2020)
1234 Sulfate stretching of SO (Perumal and Selvin, 2020)
1159 Bridge C-O stretching (Perumal and Selvin, 2020)
1066 C-O-C stretching (Perumal and Selvin, 2020)
920 C-O-C of 3,6 anhydro-o-galactos (Perumal and Selvin, 2020)
844 C-O-SO3 stretching (Perumal and Selvin, 2020)
699 Sulfate on C-4 galactose (Perumal and Selvin, 2020)

Iota carrageenan 3369 O-H stretch (Ghani et al., 2019)
2912 C-H stretch (Ghani et al., 2019)

1214
ester sulfate O-S-O symmetric

vibration
(Ghani et al., 2019)

1157 C-O bridge stretch (Ghani et al., 2019)
1066 C-O stretch (Ghani et al., 2019)
927 C-O-C of 3,6 anhydro-o-galactos (Ghani et al., 2019)

848
-O-SO3 stretching vibration at

D-galactose-4-sulfate
(Ghani et al., 2019) )

802
-O-SO3 stretching vibration at
D-galactose-2-sulfate (DA2S)

(Ghani et al., 2019)

will adhere to seaweed during the extraction process. The in-
creasing amount of sodium and other minerals attached to
seaweed during the extraction process increases the ash content
of the carrageenan produced. In addition, the longer the ex-
traction time, the longer the seaweed will contact heat and the
extraction solution (Manuhara et al., 2016; Astuti et al., 2017).
According to Ferdiansyah et al. (2023) , alkaline solutions con-
tain K+, Na+, and Ca2+, which are inorganic substances that
are not lost during heating. Ash content in carrageenan can
derive from macro and micro minerals absorbed or retained
in seaweed as a material for carrageenan.

The viscosity of carrageenan is directly related to its ability
to form gel and �lm systems. High viscosity values '' indicate a
long and complex molecular structure, which is very useful in
applications as soft capsule forming agents. The results of pre-
vious studies have shown that the viscosity of the carrageenan
obtained has met the FAO standard, which is a minimum of
5 cP. According to Astuti et al. (2017) , the viscosity of car-
rageenan can be a�ected by sulfate levels and is directly propor-
tional to sulfate content. High sulfate content will produce high
viscosity, due to the ability of sulfate groups in carrageenan to
provide repulsive forces between negative charges along the
polymer chain. As a result, the molecular chain becomes sti�,
so that viscosity increases. In addition, molecular weight also
plays a role in increasing viscosity. The polymer BM shows the
average molecular chain length. The high BM of carrageenan
causes the distribution of sulfate groups in the polymer chain

to become homogeneous, so the repulsive force and viscos-
ity increase (Komersová et al., 2022; Montoro and Francisca,
2019). According to Naseri et al. (2020), low viscosity can be
in�uenced by impurities bound to carrageenan, thus interfer-
ing with the extraction solution attacking the seaweed cell wall
to release carrageenan, thereby degrading the structure of the
carrageenan itself.

Gel strength is one of the critical parameters in soft capsule
formulation, because it determines the mechanical strength of
the capsule wall. The higher the gel strength value, the better
the material’s ability to form a stable and non-breakable cap-
sule. The gel strength value produced is by the FAO standard,
which states that the gel strength value of carrageenan is 20-
500 g.cm-1. This shows that the gel strength of carrageenan in
previous studies has met the FAO gel strength standard. K. al-
varezii from Karimun showed the highest gel strength of 94.45
g.cm-1, while E. spinosum from Nusa Penida had the lowest gel
strength of 32.73 g.cm-1. However, the data above show that
the gel strength of the carrageenan produced is relatively low.

In addition to the physicochemical properties discussed
above, carrageenan’s FTIR (Fourier Transform Infrared Spec-
troscopy) characteristics are also crucial for determining its
suitability in capsule applications. FTIR analysis provides in-
sights into the functional groups present in carrageenan, such
as sulfate esters and 3,6-anhydrogalactose, which directly in-
�uence its gelling behavior, solubility, and interaction with
other formulation components. Inaccurate functional group
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composition can result in inconsistent gel strength or poor �lm-
forming ability, a�ecting soft capsules’ integrity, elasticity, and
disintegration performance. Therefore, FTIR characterization
is essential to ensure carrageenan’s consistency and functional
reliability in pharmaceutical capsule formulations. The FTIR
characteristics of carrageenan are presented in Table 4.

The FTIR analysis results showed that both kappa and
iota carrageenan have typical main functional groups, such as
hydroxyl (O–H), methylene (C–H), sulfate (SO –

3 ), and 3,6-
anhydrogalactose groups, which are characteristic of the car-
rageenan structure. Kappa carrageenan, as reported byPerumal
and Selvin (2020) , showed a typical absorption peak at 920
cm-1 indicating the presence of 3,6-anhydro-U-D-galactose
groups - an important group in the formation of a strong gel
structure. The peaks at 844 and 699 cm-1 indicate the presence
of sulfate bonds that contribute to solubility and gel-forming
capacity. Similarly, iota carrageenan analyzed by Ghani et al.
(2019) showed a similar absorption pattern, including peaks at
927 cm-1 and 848 cm-1, con�rming the presence of sulfate at
an important position in the galactose structure.

Iota carrageenan has more sulfate groups, as seen from the
additional peak at 802 cm-1 (sulfation at the 2-galactose posi-
tion). This makes iota carrageenan more soluble and produces
a softer and more elastic gel. Kappa carrageenan has a sti�er
structure due to its lower sulfate level and high proportion of
3,6-anhydrogalactose. As a result, it forms a strong and brittle
gel, suitable for hard capsules or solid matrices.

Carrageenan types can be classi�ed according to the pres-
ence of 3,6-anhydro bridges on the four-membered galactose
residue and the position and number of sulfate groups (Vandan-
jon et al., 2023) . FTIR spectra re�ect the unique structural fea-
tures of carrageenan, which consists of repeating disaccharide
units made up of 3-linked D-galactopyranose (G-units) and
either 4-linked D-galactopyranose (D-units) or 4-linked 3,6-
anhydro-D-galactopyranose (DA-units). The classi�cation of
carrageenan is based on the presence of the 3,6-anhydro bridge
on the 4-linked galactose unit and the number and position of
sulfate groups attached to the sugar backbone. These structural
di�erences give rise to distinct FTIR absorption patterns for
each carrageenan type. Traditionally, carrageenans are catego-
rized as kappa (^ ; G4S–DA), iota (]; G4S–DA2S), and lambda
(_ ; G2S–D2S,6S). Their respective sulfate substitutions and
the presence or absence of anhydro bridges in�uence their
chemical properties and functional behavior in applications.
Additionally, the precursors of kappa and iota carrageenan—
known asmu (`) and nu (a), respectively-contain sulfate groups
at the C-6 position (D6S), which can be converted into DA-
units through alkaline treatment. These structural elements
are typically detected by characteristic FTIR peaks, particularly
in the regions corresponding to sulfate stretching and C–O–C
vibrations, which are critical for assessing the type and quality
of carrageenan (Boulho et al., 2017) .

Each type of carrageenan exhibits speci�c FTIR absorption
bands related to the position of sulfate esters and the presence
of 3,6-anhydro bridges. The presence of sulfate esters is con-

�rmed by �rm peaks near 1240 cm-1 (S=O stretching), while
the appearance of bands around 930 cm-1 and 1070 cm-1 in-
dicates the presence of 3,6-anhydrogalactose (DA), which is
essential for gel formation. The classi�cation of carrageenan
types can be further re�ned through FTIR spectral interpre-
tation. According to literature, a peak at approximately 1240
cm-1 corresponds to sulfate esters and is typical of iota, kappa,
and nu carrageenan. A band near 1070 cm-1 is linked to C–O
stretching in DA units, while the 930 cm-1 peak is a strong
marker for DA-speci�c vibrations in iota and kappa. Further-
more, 905 cm-1 is unique to iota carrageenan, indicating sulfate
at C-2 of DA (DA2S), while 867 cm-1, 825–830 cm-1, and
815–820 cm-1 are characteristic of nu carrageenan, related to
sulfation at various positions of galactose. The 845 cm-1 band,
found in all three types, is associated with C-4 sulfation on
galactose (G4S) (Vandanjon et al., 2023) .

5. Application of Carrageenan to Capsule Shells

The quality of carrageenan from tropical seaweed in Indonesia
shows that the carrageenan produced meets FAO standards.
Carrageenan is mainly used in the pharmaceutical sector to
make capsule shells. The use of carrageenan in making capsule
shells functions as the leading gel former, which provides struc-
ture and strength to the capsule shell. Besides carrageenan, it
is usually used with additional ingredients such as starch, glyc-
erin, or sorbitol to produce physical and mechanical properties.
Capsules are divided into hard capsules and soft capsules. Ac-
cording to the Ministry of Health of the Republic of Indonesia
(2020) , the di�erence between hard capsules and soft capsules
is that hard capsules consist of a body and lid, are available in
empty form, the contents are usually solid. Still, they can also
be liquid, can be used orally, and have only one shape, while soft
capsules are one unit; it is always �lled, usually liquid or solid,
can be oral, vaginal, rectal, and topical, and comes in various
shapes. According to Zhou et al. (2023) , the incorporation of
plasticizers such as glycerol and sorbitol is crucial in enhancing
the mechanical properties and stability of polysaccharide-based
soft capsules, indicating the signi�cance of these additives in
capsule formulation. Images of hard and soft capsules can be
seen in Figure 1.

Carrageenan, especially iota and kappa types, has been
widely explored in manufacturing soft and hard capsules. Data
shows that every kind of carrageenan produces di�erent capsule
characteristics, depending on the polymer structure and appli-
cation form. In the manufacture of soft capsules, carrageenan
can form a gel that is quite elastic and �exible when combined
with other components. However, to produce capsules with
optimal mechanical properties (�exible, not brittle, and not
easily broken), carrageenan needs to be combined with addi-
tional materials. In the study of capsule shell manufacture by
Perwatasari et al. (2025) , 1.5% iota carrageenan was used with
additional materials such as hydroxypropyl starch, glycerol, and
sorbitol. Zheng et al. (2023) used kappa carrageenan, sodium
alginate, and carboxymethyl starch. In their study, Pudjiastuti
et al. (2020) combined ^-carrageenan with starch and kappa
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Figure 1.Hard Capsules (Left) and Soft Capsules (Right) (Hij Machinery, 2019)

Table 5. Characteristics of Carrageenan Capsules

Parameter
Types of

Carrageenan
Types of Capsules Results Sources

Length
Iota carrageenan Soft capsule 13.56 mm

(Perwatasari et al.,
2025)

Kappa carrageenan Hard capsule 22.56 mm (Fauzi et al., 2020)

Width
Iota carrageenan Soft capsule 7.48 mm

(Perwatasari et al.,
2025)

Kappa carrageenan Hard capsule
7.18 (body), 7.37

(cap) mm
(Fauzi et al., 2020)

Heavy
Iota carrageenan Soft capsule 0.49 g

(Perwatasari et al.,
2025)

Kappa carrageenan Hard capsule 0.12 g (Fauzi et al., 2020)

Leakage time Iota carrageenan Soft capsule 25.89 min
(Perwatasari et al.,

2025)

Disintegration

Iota carrageenan Soft capsule 66.44 min
(Perwatasari et al.,

2025)
Kappa carrageenan Soft capsule 15 min (Zheng et al., 2023)
Kappa carrageenan Hard capsule 36.21 min (Soraya et al., 2025)
Kappa carrageenan Hard capsule 18.47 min (Fauzi et al., 2020)

Kappa carrageenan Hard capsule 12.80 min
(Pudjiastuti et al.,

2020)

Kappa carrageenan – 25.79 min
(Pudjiastuti et al.,

2020)

Tensile strength Iota carrageenan
Soft capsule shell

sheet
2.3 Mpa

(Hidayat et al.,
2024)

Stickiness Iota carrageenan
Soft capsule shell

sheet
1500 gf, "1,755

kg/force"

(Hidayat et al.,
2024) and (Djafar
et al., 2024)

Viscosity Iota carrageenan
Soft capsule shell

sheet
1800 cP

(Hidayat et al.,
2024)

Scanning Electron
Microscopy (SEM)

Kappa carrageenan Hard capsule shell (Fauzi et al., 2020)

Iota carrageenan Soft capsule shell
(Perwatasari et al.,

2025)

© 2025 The Authors. Page 1295 of 1300



Hidayat et. al. Science and Technology Indonesia, 10 (2025) 1288-1300

carrageenan with alginate. Fauzi et al. (2020) combined kappa
carrageenan with maltodextrin (6:1) and added sorbitol. So-
raya et al. (2025) used 22.5 g of kappa carrageenan, primogel,
and Tween 80. Djafar et al. (2024) combined carrageenan
with starch, glycerol, and sorbitol. Hidayat et al. (2024) used a
combination of iota carrageenan, modi�ed starch, and glycerol.
Previous research regarding the characteristics of the capsules
produced can be seen in Table 5.

The process for making hard and soft capsule shells is di�er-
ent. Hard capsule shells can be dipped by mixing carrageenan
with distilled water and stirring them using a magnetic stirrer at
a temperature of 95°C until they are homogeneous. Then the
plasticizer is added to the solution and stirred. Next, the hot
plate is turned o�, and printing begins. The molding process is
carried out by inserting the capsule shell tool into the solution
for 3 seconds, then removing and drying it. After drying, the
capsule is released from the mold and cut to the cap and shell
body size. Unlike hard capsules, divided into body and cap,
soft capsules are made, �lled, and sealed in one process. When
making soft capsules, the gel strength required is lower than
that of hard capsules (Rowe et al., 2009) . In a beaker, soft
capsule shell �lms are made by mixing water with plasticiz-
ers (glycerol and sorbitol) and carrageenan. The mixture was
heated using a homogenizer for 30 minutes. After that, starch
is added, stirred, and heated to a temperature of 95°C. The
dough homogenized to a milky white color tends to be clear,
printed on 1.5 mm thick acrylic, and the surface is smoothed
(Djafar et al., 2024) .

The process for making hard and soft capsule shells is dif-
ferent. Hard capsule shells can be made by dipping them by
mixing carrageenan with distilled water and stirring them using
a magnetic stirrer at a temperature of 95°C until they are ho-
mogeneous. Then the plasticizer is added to the solution and
stirred. Next, the hot plate is turned o�, and printing begins.
Themolding process is carried out by inserting the capsule shell
tool into the solution for 3 seconds, then removing and drying
it. After drying, the capsule is released from the mold and cut
to the cap and shell body size. Unlike hard capsules, divided
into body and cap, soft capsules are made, �lled, and sealed
in one process. When making soft capsules, the gel strength
required is lower than that of hard capsules (Rowe et al., 2009) .
In a beaker, soft capsule shell �lms are made by mixing water
with plasticizers (glycerol and sorbitol) and carrageenan. The
mixture was heated using a homogenizer for 30 minutes. After
that, starch is added, stirred, and heated to a temperature of
95°C. The dough homogenized to a milky white color tends
to be clear, printed on 1.5 mm thick acrylic, and the surface is
smoothed (Djafar et al., 2024) .

Iota carrageenan-based soft capsules have average dimen-
sions of 13.56 mm in length and 7.48 mm in width, weighing
0.49 g. The leakage and disintegration times were quite long,
25.89 minutes and 66.44 minutes, respectively, indicating
good structural resistance to environmental conditions (Per-
watasari et al., 2025) . These characteristics are reinforced with
a tensile strength of up to 2.3 MPa and an adhesion level (stick-

iness) of up to 1,755 gf, indicating �exibility and mechanical
strength that is close to or even equal to gelatin (Hidayat et al.,
2024; Djafar et al., 2024) . Disintegration that exceeded the
standard in the Perwatasari et al. (2025) study can be caused by
the solid matrix formed by modi�ed cassava starch combined
with iota carrageenan, which provides structural integrity and
prolongs the breakdown process.

According to Hidayat et al. (2024) , the more glycerol is
used, the tensile strength value of the soft capsule shell �lm will
increase. The results obtained have met the Japanese Industrial
Standard, namely a minimum tensile strength value of 0.39
MPa. The mixture of iota carrageenan with plasticizer showed
better thermal stability and tensile strength properties. In addi-
tion, increasing the amount of glycerol used will increase the
stickiness and viscosity of the capsule shell �lm. The increas-
ing composition of iota carrageenan, starch, and glycerol can
increase the viscosity of the capsule shell �lm.

On the other hand, kappa carrageenan is more widely ap-
plied in hard capsules, with longer dimensions (22.56 mm)
and varying disintegration times depending on the formulation,
ranging from 12.80 to 36.21 minutes (Fauzi et al., 2020; Pud-
jiastuti et al., 2020; Soraya et al., 2025) . In the study of Soraya
et al. (2025) , an evaluation was conducted related to the dy-
namics of disintegration of seaweed capsules containing several
additional materials, such as Polyvinylpyrrolidone, Primogel,
Sodium Croscarmellose, and Sodium Carboxymethylcellu-
lose. The results showed that using primogel in soft capsules
would result in lower capsule swelling ability, resulting in faster
destruction caused by reduced water retention and a less water-
saturated matrix.

On the other hand, kappa carrageenan is more widely ap-
plied in hard capsules, with longer dimensions (22.56 mm)
and varying disintegration times depending on the formula-
tion, ranging from 12.80 to 36.21 minutes (Fauzi et al., 2020;
Pudjiastuti et al., 2020; Soraya et al., 2025) . In the study,
Soraya et al. (2025) conducted an evaluation related to the dy-
namics of disintegration of seaweed capsules containing several
additional ingredients such as Polyvinylpyrrolidone, Primo-
gel, Sodium Croscarmellose, and Sodium Carboxymethylcel-
lulose. The results showed that the use of primogel in soft
capsules would result in lower capsule swelling ability resulting
in faster destruction, which was caused by reduced water reten-
tion and a less water-saturated matrix. In the study of Fauzi
et al. (2020) , it was shown that the manufacture of hard cap-
sules based on carrageenan combined with maltodextrin and
sorbitol will produce a capsule swelling rate 3.6 times higher
than gelatin capsules under rapid dissolution conditions in a
weak acid medium. This indicates a good ability to withstand
disintegration compared to gelatin capsules. In the study of
Pudjiastuti et al. (2020) , the combination of carrageenan with
alginate and with starch was compared. The results showed
that carrageenan capsules with a combination of starch had
a sti�er structure than carrageenan capsules combined with
alginate. This is because starch is a semicrystalline material
containing the crystalline form of the amylose structure and

© 2025 The Authors. Page 1296 of 1300



Hidayat et. al. Science and Technology Indonesia, 10 (2025) 1288-1300

the amorphous form of branched amylopectin. At the same
time, sodium alginate is a straight, unbranched polymer com-
posed of two types of sugar acids-V -D-mannuronic acid (M)
and U-L-guluronic acid (G)-which are connected through a
type 1→4 glycosidic bond. The overall structure is amorphous
or irregular. This causes the disintegration time of the starch
combination carrageenan capsule to be higher than that of the
alginate combination carrageenan capsule.

SEM (Scanning Electron Microscopy) characteristics of
carrageenan-based capsule shells conducted by Fauzi et al.
(2020) showed the presence of pores on the surface of the �lm,
while on the surface of the gelatin capsule shell �lm there were
no pores at the same magni�cation scale, so it can be concluded
that the pores of the carrageenan-based capsule shell are larger
than the pores of the gelatin capsule shell. The nature of the
carrageenan hydrogel causes these pores. In addition, the more
elastic mechanical properties of gelatin capsules can be seen
from the minimal cracks or break patterns in the SEM image.
In contrast, carrageenan capsules tend to be more fragile and
show more precise indications of microcracks. This di�erence
a�ects stability, release of active substances, and compatibility
in pharmaceutical and supplement applications.

These data indicate that both iota and kappa carrageenan
can produce capsules with competitive physical and mechani-
cal properties, even without using gelatin. With formulation
optimization, carrageenan from tropical seaweed can qualify as
a base material for soft capsules, especially in terms of tensile
strength, viscosity, and shape stability.

6. Challenges Associated with Carrageenan Soft Capsules

In the development of plant-based soft capsules, selecting the
appropriate type of carrageenan is crucial to the success of the
formulation. Carrageenan consists of various kinds-namely,
kappa, iota, and lambda-each with distinct structural and rheo-
logical properties. Studies conducted by Ock et al. (2020) and
Oishi et al. (2018) have shown that iota-carrageenan is themost
suitable type for soft capsule production. Iota-carrageenan is
extracted through alkaline treatment from the red seaweed
Eucheuma denticulatum and possesses a structure rich in sulfate
groups-particularly 4-sulfate on D-galactose and 2-sulfate on
3,6-anhydro-D-galactose-which contributes to the formation
of elastic and �exible gels (Necas and Bartosikova, 2013) .

In contrast, kappa-carrageenan is more commonly used in
hard capsule formulations. Previous studies have indicated that
kappa-carrageenan, derived from seaweed, is a promising non-
gelatin alternative for hard capsules due to its gel strength and
viscosity comparable to gelatin (Soraya et al., 2024) . However,
the rheological characteristics required for soft capsules are
signi�cantly more demanding, as they require gelling agents
with higher viscosity and elasticity (Naharros-Molinero et al.,
2024) .

Unlike kappa-carrageenan, which forms brittle and rigid
gels, iota-carrageenan produces softer and more elastic gels
(Alves et al., 2010) -a desirable feature for soft capsules that de-
mand high �exibility and adequatemechanical strength (Hilliou,

2021) . Thus, iota-carrageenan is considered more appropriate
for use as the primary material in soft capsule shells than other
carrageenan types.

Despite these advantages, using iota-carrageenan in soft
capsule formulations still encounters several technical and func-
tional challenges, such as high viscosity, slow disintegration
time, poor solubility due to high molecular weight, and subopti-
mal mechanical strength. Carrageenan, particularly at e�ective
concentrations, tends to have high viscosity, complicating soft
capsules’ molding and �lling processes. Excessive viscosity may
also hinder drug release from the capsule. A proposed solu-
tion is molecular depolymerization. For instance, Tecson et al.
(2021) demonstrated that ultrasonic-assisted depolymerization
signi�cantly reduced carrageenan’s molecular weight and vis-
cosity, up to 96.33% from its initial molecular weight, thereby
improving �ow properties and accelerating disintegration.

Carrageenan-based capsules also tend to exhibit longer
disintegration than gelatin capsules (Gullapalli and Mazzitelli,
2017) , potentially delaying drug release and absorption. One
practical approach to address this is bacterial fermentation, as
Li et al. (2024) demonstrated, using marine bacteria Shewanella
sp. to depolymerize iota-carrageenan. After fermentation, the
apparent viscosity of the carrageenan was reduced by up to
84.10%, contributing to enhanced solubility and faster disinte-
gration.

The complex structure of carrageenan also limits its sol-
ubility, hindering active compounds’ e�cient release in the
digestive tract (Song et al., 2023) . In addition to depolymeriza-
tion, formulation strategies such as the addition of co-polymers
or solubilizing agents—such as sodium alginate, glycerol, and
sorbitol—can improve solubility and facilitate a more uniform
distribution of active ingredients within the gel matrix, as re-
ported by Perwatasari et al. (2025) . Furthermore, soft capsules
require shells that are both �exible and mechanically robust.
Unmodi�ed carrageenan gels may be too brittle or weak. The
addition of �lm-forming agents and cross-linkers such as mal-
todextrin (Fauzi et al., 2020) has been shown to enhance the
gel strength of kappa-carrageenan. Similarly, combining car-
rageenan with modi�ed starch or glycerol can improve capsule
elasticity and mechanical stability.

7. Future Research: Using Seaweed as A Substitute for
Gelatin In Soft Capsule Shells

Exploration of the development of capsules with seaweed car-
rageenan to replace gelatin is progressing. Several previous
studies have observed how tropical seaweed in Indonesia can
produce carrageenan of good quality and meet standards. The
quality of the carrageenan produced can be in�uenced by the
type of seaweed used, the age at which the seaweed is harvested,
the location of the seaweed habitat, and the extraction process
used, including the materials, temperature, and time used dur-
ing extraction. The material used in the seaweed extraction
process is an alkaline solution. The quality of the carrageenan
produced can be applied as a thickener and gelling agent to be
used as a substitute for gelatin.
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Research on making capsule shells from carrageenan has
been widely carried out. If we look at the application of car-
rageenan in hard capsule shells, it meets the standards, and the
quality produced is similar to commercial capsules. Several re-
searchers have researched making soft capsule shell �lms. Soft
capsule shells usually use carrageenan, starch, glycerol, and,
in some studies, even sorbitol. The type of carrageenan that
can be used in making soft capsule shells is iota carrageenan.
Iota carrageenan produced by previous researchers has shown
good carrageenan quality and meets standards. So it can be
used as raw material to make soft capsules. Future research
should be directed at developing plant-based soft capsules pri-
marily from high-quality, low-cost seaweed with little or no
contaminants (chemical or microbial). An alternative to pro-
ducing soft capsule shells for future research is engineering the
depolymerization process of iota carrageenan and modifying
kappa carrageenan, such as iota carrageenan. Carrageenan soft
capsule shells have comparable properties to commercial soft
capsule shells, thus showing good potential as an alternative to
gelatin soft capsule shells.

8. CONCLUSIONS

Iota carrageenan derived from tropical seaweed shows strong
potential as an alternative to gelatin in soft capsule formula-
tions due to its ability to form elastic gels, biocompatibility,
and capacity to produce �exible �lms. However, key challenges
remain, including high viscosity, limited solubility, and slow
disintegration. Studies have demonstrated that structural modi-
�cation (via fermentation or depolymerization), the addition of
plasticizers, and blending with other polymers such as modi�ed
starch can signi�cantly enhance the mechanical and functional
properties of carrageenan-based �lms. With optimized formu-
lation and processing, carrageenan holds great promise as a
halal, environmentally friendly, and competitive material for
plant-based soft capsule development in modern drug delivery
systems.

9. ACKNOWLEDGEMENT

The authors are very grateful to the National Research and
Innovation Agency (BRIN) for funding the housing program
at the BRIN research and agricultural organization.

REFERENCES

Abel, J. E. and P. D. H. Tolentino (2024). Characteristics of
Carrageenan Extracted from Commercially Important Sea-
weeds from the MIMAROPA Region, Philippines. Fishery
Technology, 61; 45–52

Alghazeer, R., H. El Fatah, S. Azwai, S. Elghmasi, M. Sidati,
A. El Fituri, and A. A. Eskandrani (2022). Nutritional and
Nonnutritional Content of Underexploited Edible Seaweeds.
Aquaculture Nutrition, 2022(1); 8422414

Alves, V. D., N. Costa, and I. M. Coelhoso (2010). Bar-
rier Properties of Biodegradable Composite Films Based

on Kappa-Carrageenan/Pectin Blends and Mica Flakes. Car-
bohydrate Polymers, 79(2); 269–276

Astuti, K. W., N. Putu, A. Dewi, I. G. Ngurah, and A. De-
wantara (2017). Optimization of Isolation Method of Car-
rageenan From Kappaphycus alvareziiDoty Using Factorial
Experimental Design. Journal of Health Sciences andMedicines,
1; 4–7

Boulho, R., C. Marty, Y. Freile-Pelegrín, D. Robledo, N. Bour-
gougnon, and G. Bedoux (2017). Antiherpetic (HSV-
1) Activity of Carrageenans From The Red Seaweed
Solieria chordalis (Rhodophyta, Gigartinales) Extracted By
Microwave-Assisted Extraction (MAE). Journal of Applied
Phycology, 29; 2219–2228

Campo, V. L., D. F. Kawano, D. B. da Silva Jr, and I. Carvalho
(2009). Carrageenans: Biological Properties, Chemical Mod-
i�cations and Structural Analysis–A Review. Carbohydrate
Polymers, 77(2); 167–180

Carneiro, J. G., J. A. G. Rodrigues, F. B. Teles, A. B. D. Cav-
alcante, and N. M. B. Benevides (2014). Analysis of Some
Chemical Nutrients in Four Brazilian Tropical Seaweeds.
Acta Scientiarum. Biological Sciences, 36(2); 137–145

Chan, S. W., H. Mirhosseini, F. S. Taip, T. C. Ling, and C. P.
Tan (2013). Comparative Study On The Physicochemical
Properties of k-Carrageenan Extracted From Kappaphycus
alvarezii (doty) Doty Ex Silva in Tawau, Sabah, Malaysia
and Commercial k-Carrageenans. Food Hydrocolloids, 30(2);
581–588

Diharmi, A., D. Fardiaz, and N. Andarwulan (2019). Chemi-
cal And Minerals Composition of Dried Seaweed Eucheuma
spinosum Collected From Indonesia Coastal Sea Regions.
International Journal of Oceanography and Oceanology, 13(1);
65–71

Diharmi, A., D. Fardiaz, N. Andarwulan, and E. S. Heruwati
(2017). Chemical And Physical Characteristics of Car-
rageenan Extracted from Eucheuma spinosumHarvested from
Three Di�erent Indonesian Coastal Sea Regions. Phycological
Research, 65(3); 256–261

Diharmi, A., R. Rusnawati, and N. Irasari (2020). Character-
istic of Carrageenan Eucheuma cottonii Collected from the
Coast of Tanjung Medang Village and Jaga Island, Riau. In
IOP Conference Series: Earth and Environmental Science, vol-
ume 404. page 012049

Djafar, M. J., D. D. Perwatasari, T. Hidayat, and R. P. G.
Putri (2024). Preliminary Study on The E�ect of Plasticizer
Concentration on Cooking Conditions and Characteristics
of Soft Capsule Carrageenan Film Sheets. In AIP Conference
Proceedings 2957(1), volume 2957

Erbabley, F. N. Y. G. and J. Junianto (2020). Chemical Char-
acteristics and Phytochemicals of The Brown Alga Sargassum
�lipendula From Kelanit Waters of Southeast Maluku. Egyp-
tian Journal of Aquatic Biology and Fisheries, 4(4); 535–547

Fauzi, M. A. R. D., P. Pudjiastuti, E. Hendradi, R. T. Widodo,
and M. C. I. M. Amin (2020). Characterization, Disinte-
gration, and Dissolution Analyses of Carrageenan-Based
Hard-Shell Capsules Cross-Linked with Maltodextrin as a

© 2025 The Authors. Page 1298 of 1300



Hidayat et. al. Science and Technology Indonesia, 10 (2025) 1288-1300

Potential Alternative Drug Delivery System. International
Journal of Polymer Science, 2020(1); 3565931

Felix, N. and R. A. Brindo (2014). E�ect of Raw and Fer-
mented Seaweed, Padina tetrastomatica on The Growth and
Food Convesion of Giant Freshwater PrawnMicrobrachium
rosenbergii. International Journal of Fisheries and Aquatic Studies,
1(4); 108–113

Ferdiansyah, R., M. Abdassah, A. Zainuddin, R. Rachmaniar,
and A. Y. Chaerunisaa (2023). E�ects of Alkaline Solvent
Type and pH on Solid Physical Properties of Carrageenan
From Eucheuma cottonii. Gels, 9(5); 397

Firdaus, M., R. Nurdiani, A. A. Prihanto, E. P. Lestari, and
F. Amam (2021). Carrageenan Characteristics of Kappaphy-
cus alvarezii From Various Harvest Ages. In IOP Conference
Series: Earth and Environmental Science, volume 860. page
012067

Firdayanti, L., R. Yanti, E. S. Rahayu, and C. Hidayat (2023).
Carrageenan Extraction from Red Seaweed (Kappaphycopsis
cottonii) Using The Bead Mill Method. Algal Research, 69;
102906

Ghani, N. A. A., R. Othaman, A. Ahmad, F. H. Anuar, and
N. H. Hassan (2019). Impact Of Puri�cation on Iota Car-
rageenan as Solid Polymer Electrolyte. Arabian Journal of
Chemistry, 12(3); 370–376

Gullapalli, R. P. and C. L. Mazzitelli (2017). Gelatin and Non-
Gelatin Capsule Dosage Forms. Journal of Pharmaceutical
Sciences, 106(6); 1453–1465

Hajar, S. and M. S. Parden (2023). Extraction Of Seaweed
Cargenanan (Kappaphycus Alvarezii) With the Addition of
NaOH (Sodium Hydroxide) Solution Concentration. In
International Conference on Applied Science and Technology on
Social Science 2023 (iCAST-SS 2023). Atlantis Press, pages
169–181

Hamzah, A., M. Lanuru, and S. Sya�uddin (2021). Oceano-
graphic E�ects on The Quantity and Quality of Carrageenan
From Seaweed Kappaphycus striatum Cultivated Using Long-
line Method in Mamuju Regency, West Sulawesi, Indone-
sia. International Journal of Scienti�c and Research Publications
(IJSRP), 11(10); 556–561

Hidayat, T., K. Syamsu, T. C. Sunarti, M. Nurilmala, and L. P.
Manalu (2024). Preliminary Study E�ect of By-Products
of Biodiesel Glycerol in Increasing The Elasticity of Film
Sheets for Seaweed Derivative-Based Soft Capsules. In IOP
Conference Series: Earth and Environmental Science, volume
1354. page 012019

Hij Machinery (2019). Soft Gelatin Capsules: A Complete
Guide for Your Pharmaceutical Business

Hilliou, L. (2021). Structure–Elastic Properties Relationships
in Gelling Carrageenans. Polymers, 13(23); 4120

Hilliou, L., F. D. S. Larotonda, P. Abreu, A. M. Ramos, A. M.
Sereno, and M. P. Goncalves (2006). E�ect of Extraction
Parameters on The Chemical Structure and Gel Proper-
ties of k/i-Hybrid Carrageenans Obtained fromMastocarpus
stellatus. Biomolecular Engineering, 23(4); 201–208

Imeson, A. P. (2009). Carrageenan and Furcellaran. In G. O.

Phillips and P. A.Williams, editors,Handbook of Hydrocolloids.
Woodhead Publishing Limited, Cambridge, 2nd edition

Jiang, F., Y. Liu, Q. Xiao, F. Chen, H. Weng, J. Chen, and
A. Xiao (2022). Eco-Friendly Extraction, Structure, And
Gel Properties of i-Carrageenan Extracted Using Ca(OH) 2.
Marine Drugs, 20(7); 419

Kasim, S., G. Alam, Y. Rifai, and R. N. Utami (2023). Op-
timization of Carrageenan Extraction from Kappaphycus
alvarezii Red Algae Using Microwave Assisted Extraction
Method with Variation of Solvent Concentration. SCIREA
Journal of Physics, 8(2); 115–128

Komersová, A., R. Svoboda, B. Skalická, M. Bartoš, E. Šnej-
drová, J. Mužíková, and K. Matzick (2022). Matrix Tablets
Based on Chitosan–Carrageenan Polyelectrolyte Complex:
Unique Matrices for Drug Targeting in The Intestine. Phar-
maceuticals, 15(8); 980

Lestari, M. F., S. Yusra, M. I. N. Fuady, and H. Rahim (2024).
Analysis of Carrageenan Quality of Eucheuma cottonii and
Eucheuma spinosum Seaweed From Bantaeng Regency and Its
Export Permit Regulations in Indonesia. In IOP Conference
Series: Earth and Environmental Science, volume 1314. page
012002

Li, X., C. Li, Y. Liu, G. Han, C. Lin, X. Chen, and J. Mao
(2024). Rheological and Structural Characterization of Car-
rageenans During Depolymerization Conducted By AMa-
rine Bacterium Shewanella sp. LE8. Gels, 10(8); 502

Liu, Y., D. An, Q. Xiao, F. Chen, Y. Zhang, H. Weng, and
A. Xiao (2022). A Novel k-Carrageenan Extracting Pro-
cess with Calcium Hydroxide and Carbon Dioxide. Food
Hydrocolloids, 127; 107507

Manuhara, G. J., D. Praseptiangga, and R. A. Riyanto (2016).
Extraction and Characterization of Re�ned k-Carrageenan
of Red Algae [Kappaphycus alvarezii (Doty ex PC Silva, 1996)]
Originated from Karimun Jawa Islands. Aquatic Procedia, 7;
106–111

Mendes, M., J. Cotas, I. B. Gutiérrez, A. M. Gonçalves, A. T.
Critchley, L. A. R. Hinaloc, and L. Pereira (2024). Advanced
Extraction Techniques and Physicochemical Properties of
Carrageenan from a Novel Kappaphycus alvarezii Cultivar.
Marine Drugs, 22(11); 491

Ministry of Health of the Republic of Indonesia (2020). In-
donesian Pharmacopoeia. Ministry of Health RI, Jakarta, 6th
edition

Montoro, M. A. and F. M. Francisca (2019). E�ect of Ion Type
and Concentration on Rheological Properties of Natural
Sodium Bentonite Dispersions At Low Shear Rates. Applied
Clay Science, 178; 105132

Nafchi, A. M., M. Moradpour, M. Saeidi, and A. K. Alias
(2014). E�ects of Nanorod-Rich ZnO on Rheological, Sorp-
tion Isotherm, and Physicochemical Properties of Bovine
Gelatin Films. LWT-Food Science and Technology, 58(1);
142–149

Naharros-Molinero, A., M. Á. Caballo-González, F. J. de la
Mata, and S. García-Gallego (2024). Shell Formulation in
Soft Gelatin Capsules: Design and Characterization. Ad-

© 2025 The Authors. Page 1299 of 1300



Hidayat et. al. Science and Technology Indonesia, 10 (2025) 1288-1300

vanced Healthcare Materials, 13(1); 2302250
Naseri, A., C. Jacobsen, J. J. Sejberg, T. E. Pedersen, J. Larsen,
K. M. Hansen, and S. L. Holdt (2020). Multi-Extraction
and Quality of Protein and Carrageenan from Commercial
Spinosum (Eucheuma denticulatum). Foods, 9(8); 1072

Nazarudin, M. F., N. H. Alias, S. Balakrishnan, W. N. I.
Wan Hasnan, N. A. I. Noor Mazli, M. I. Ahmad, and
M. Aliyu-Paiko (2021). Chemical, Nutrient and Physic-
ochemical Properties Of Brown Seaweed, Sargassum polycys-
tumC. Agardh (Phaeophyceae) Collected from Port Dickson,
Peninsular Malaysia. Molecules, 26(17); 5216

Necas, J. and L. Bartosikova (2013). Carrageenan: A Review.
Veterinarni Medicina, 58(4); 187–205

Ock, S. Y., W. S. Lim, G. D. Park, M. H. Lee, and H. J.
Park (2020). Physical and Mechanical Properties of Plant-
Derived Soft-Shell Capsules Formulated with Hydrox-
ypropyl Starches from Di�erent Botanical Sources. Polymer
Testing, 91; 106871

Oishi, S., S. I. Kimura, S. Noguchi, M. Kondo, Y. Kondo,
Y. Shimokawa, Y. Iwao, and S. Itai (2018). New Scale-
Down Methodology from Commercial To Lab Scale To
Optimize Plant-Derived Soft Gel Capsule Formulations on
A Commercial Scale. International Journal of Pharmaceutics,
535(1-2); 371–378

Pangestuti, R. and S. K. Kim (2014). Biological Activities of
Carrageenan. Advances In Food And Nutrition Research, 72;
113–124

Perumal, P. and P. C. Selvin (2020). Red Algae-Derived k-
Carrageenan-Based Proton-Conducting Electrolytes for the
Wearable Electrical Devices. Journal of Solid State Electro-
chemistry, 24; 2249–2260

Perwatasari, D. D., R. P. G. Putri, W. Puspantari, I. Roy-
anti, D. S. Wibowo, T. Hidayat, T. Wahyuni, H. Purwoto,
L. P. Manalu, and H. Laksono (2025). Enhancing Iota Car-
rageenan Soft Capsules with Modi�ed Starch. Science and
Technology Indonesia, 10(1); 183–190

Pudjiastuti, P., S. Wa�roh, E. Hendradi, H. Darmokoesoemo,
M. Harsini, M. A. R. D. Fauzi, and S. D. Sarker (2020). Dis-
integration, in Vitro Dissolution, and Drug Release Kinetics
Pro�les of k-Carrageenan-Based Nutraceutical Hard-Shell
Capsules Containing Salicylamide. Open Chemistry, 18(1);
226–231

Purwaningsih, S., W. Ramadhan, W. T. Nabila, E. Deskawati,
and H. M. Baabud (2024). Dataset on The Chemical Com-
position and Bioactive Compound of Estuarine Seaweed
Gracilaria From Four Di�erent Cultivation Area in Java and
Lombok Island, Indonesia. Data in Brief, 56; 110825

Rasyid, A. (2017). Evaluation Of Nutritional Composition of
The Dried SeaweedUlva lactucaFrom PameungpeukWaters,
Indonesia. Tropical Life Sciences Research, 28(2); 119

Rowe, R. C., P. J. Sheskey, and M. E. Quinn (2009). Handbook
of Pharmaceutical Excipients. Pharmaceutical Press, London,
6th edition

Shen, Y. R. and M. I. Kuo (2017). E�ects of Di�erent Car-

rageenan Types on The Rheological and Water-Holding
Properties of Tofu. LWT, 78; 122–128

Song, C., Y. You, C. Wen, Y. Fu, J. Yang, J. Zhao, and
S. Song (2023). Characterization And Gel Properties of
Low-Molecular-Weight Carrageenans Prepared By Photo-
catalytic Degradation. Polymers, 15(3); 602

Soraya, M., H. Laksono, R. P. G. Putri, I. Royanti, D. D.
Perwatasari, R. A. P. Dewi, and H. Purwoto (2025). Ex-
ploring Disintegration and Swelling Dynamics in Kappa-
Carrageenan Based Seaweed Capsule Shells. South African
Journal of Chemical Engineering, 53(96); 102

Soraya, M., R. P. G. Putri, H. Purwoto, I. Royanti, C. K.
Dyah, D. D. P. Sari, and H. Laksono (2024). Enhancing
Carrageenan-Based Capsule Shell Formulation from Kap-
paphycus striatum for Accelerated Disintegration Time with
Multiple Disintegrant. In IOP Conference Series: Earth and
Environmental Science, volume 1377. page 012003

Sormin, R. B. D. and A. Masela (2019). Physicochemical
Properties of Carrageenan Originated from Lermatang Vil-
lage, Southwest Maluku District. In IOP Conference Series:
Earth and Environmental Science, volume 339. page 012053

Tecson, M. G., L. V. Abad, V. D. Ebajo Jr, and D. H. Camacho
(2021). Ultrasound-Assisted Depolymerization of Kappa-
Carrageenan and Characterization of Degradation Product.
Ultrasonics Sonochemistry, 73; 105540

Uy, S. F., A. J. Easteal, M. M. Farid, R. B. Keam, and G. T.
Conner (2005). Seaweed Processing Using Industrial Single-
Mode Cavity Microwave Heating: A Preliminary Investiga-
tion. Carbohydrate Research, 340(7); 1357–1364

Vandanjon, L., A. S. Burlot, E. F. Zamanileha, P. Douzenel,
P. H. Ravelonandro, N. Bourgougnon, and G. Bedoux
(2023). The Use of FTIR Spectroscopy as A Tool for The
Seasonal Variation Analysis and for The Quality Control of
Polysaccharides from Seaweeds. Marine Drugs, 21(9); 482

Vazquez-Del�n, E., D. Robledo, and Y. Freile-Pelegrín (2014).
Microwave-Assisted Extraction of the Carrageenan from
Hypnea musciformis (Cystocloniaceae, Rhodophyta). Journal
of Applied Phycology, 26; 901–907

Webber, V., S. M. De Carvalho, P. J. Ogliari, L. Hayashi, and
P. L. M. Barreto (2012). Optimization of the Extraction of
Carrageenan fromKappaphycus alvareziiUsing Response Sur-
face Methodology. Ciencia e Tecnologia de Alimentos, 32(4);
812–818

Zheng, B. D., Y. Z. Yu, X. L. Yuan, X. S. Chen, Y. C. Yang,
N. Zhang, and M. T. Xiao (2023). Sodium Alginate/Car-
boxymethyl Starch/ k-Carrageenan Enteric Soft Capsule:
Processing, Characterization, And Rupture Time Evalua-
tion. International Journal of Biological Macromolecules, 244;
125427

Zhou, K., Y. Yang, B. Zheng, Q. Yu, Y. Huang, N. Zhang,
S. M. Rama, X. Zhang, J. Ye, and M. Xiao (2023). Enhanc-
ing Pullulan Soft Capsules with a Mixture of Glycerol and
Sorbitol Plasticizers: A Multi-Dimensional Study. Polymers,
15(10); 2247

© 2025 The Authors. Page 1300 of 1300


	INTRODUCTION
	Characteristics of Tropical Seaweed
	Extraction Method of Carrageenan
	Quality of Carrageenan from Tropical Seaweed Materials
	Application of Carrageenan to Capsule Shells
	Challenges Associated with Carrageenan Soft Capsules
	Future Research: Using Seaweed as A Substitute for Gelatin In Soft Capsule Shells
	CONCLUSIONS
	ACKNOWLEDGEMENT

