I X Tnnds n . DJMP
l Science TRENDS IN SCIENCES 2026; 23(5): 11649 i for Bigialournal Managermers

https://doi.org/10.48048/tis.2026.11649 RESEARCH ARTICLE

Optimization of Polysaccharides Matrix for Enhancing Physicochemical

Properties and Stability of Synbiotic Encapsulation

Lintang Dion Pangestu!, I Made Dedi Mahariawan 2, Muhammad Fakhri?,
Abdul Rahem Faqih?, Ating Yuniarti’? and Anik Martinah Hariati?”

!Postgraduate Program in Fisheries and Marine Science, Faculty of Fisheries and Marine Science, Universitas
Brawijaya, East Java 65145, Indonesia

’Department of Aquaculture, Faculty of Fisheries and Marine Science, Universitas Brawijaya,

East Java 65145, Indonesia

(“Corresponding author’s e-mail: a_hariati@ub.ac.id)
Received: 20 August 2025, Revised: 17 September 2025, Accepted: 10 October 2025, Published: 5 January 2026

Abstract

Encapsulation techniques can prevent the decrease in viability and maintain stability in the digestive tract. To
support the success of encapsulation application, the matrix material must be selected with an appropriate composition to
support the protection of the core material in the capsule. This study evaluates the matrix composition of the synbiotics’
encapsulation characteristics and viability during the processing period. An experimental method was used in this study
with a complete randomized design with 2 factors: The first factor is the type of matrix, including Sodium Alginate (SA),
Carrageenan (CG) and a combination of both (SC), and the second factor is the dose used, including 1.25%, 1.75% and
2.25%. The results showed that SA with a dose of 2.25% was the best treatment with a viscosity value of 3,260 cp, gel
strength of 14.6 N, viability of 1.45 Log CFU mL™!, and microcapsule efficiency of 97.61%. The quality of capsules is
strongly influenced by viscosity and gel strength parameters. The higher the viscosity, the faster the gel formation process,
and the stronger the resulting gel, the better it maintains the stability of bacteria in the capsule. Functional group analysis
showed similar results, with carboxyl and hydroxyl groups in sodium alginate and sulphate ester groups in carrageenan
detected in the IR spectrum absorption. The main groups in each structure play a role in the cross-linking process. The
surface characteristics of the capsules also showed drier, rougher, and stronger conditions in alginate. Based on the data

obtained, using SA at a dose of 2.25% is the appropriate composition that can be used.

Keywords: Encapsulation, Synbiotic, Probiotic, Prebiotic, Viability, Efficiency of encapsulation, Viscosity, Gel strength,
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Introduction

The use of probiotics in aquaculture is a
breakthrough has helped to increase aquaculture
production. The use of probiotics in feed can help
increase the level of feed digestibility and provide good
health impacts for the host [1]. Probiotics are highly
recommended in aquaculture as an environmentally
friendly disease prevention method [2]. Probiotics can
benefit the host if they are given in sufficient quantities
[3]. The use of probiotics is good at a minimum dose of
10° CFU mL™! and is recommended at a dose of 107 -

10° CFU mL![4,5]. Appropriate probiotics will make it
easier for probiotic bacteria to form colonies and
multiply in the intestines. Lactobacillus casei, Bacillus
subtilis and Saccharomyces cerevisiae are probiotics
that are often used and have a role in increasing
digestive enzyme activity [6-8]. in addition, nitrifying
bacteria are also often used in feed to maximize feed
utilization and decompose organic matter from feed
residues in water. The application of Nitrosomonas and

Nitrobacter bacteria has been reported to reduce
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ammonia and Total Suspended Solid (TSS) levels in
water [9].

Synbiotics are the latest method to encourage the
development of good microbiota in the intestine. The
application of synergy by providing probiotics and
prebiotics as nutrients is an alternative to maintaining
bacterial stability in the intestine. The use of synbiotics
has also been shown to be more effective when
compared to giving probiotics alone [10]. Synbiotic
powder has excellent advantages in maintaining stability
in the digestive environment by forming probiotic
bacterial sporulation. The formation of bacillus bacterial
spores has been reported to support bacterial survival in
less supportive environmental conditions [11].
However, this application is still limited to bacteria that
can form spores only, the digestive tract has extreme
conditions and still threatens the stability and viability
of several other probiotic bacteria to reach the target
location [12]. The diversity of temperature, pH, oxygen
and water content conditions in the digestive system is
still variable, which affects bacteria’s survival and
viability [13]. This will be worse if it occurs together
with other inhibiting factors such as diet, age, host
genetics and environment [14]

Encapsulation techniques are a measure that can
be used to protect functional ingredients, such as synbi-
otic powder, in the digestive environment. Encapsula-
tion techniques can prevent a decrease in viability and
maintain stability in the digestive tract [15]. Addition-
ally, it has been reported that synbiotic encapsulation
can enhance bacterial viability [16]. However, environ-
mental conditions during encapsulation often pose
challenges that can reduce probiotic viability. Previous
studies have reported that during the drying process of
encapsulation, there was a significant decrease in the
viability of the probiotic bacteria used [17]. Another
study also reported that temperature during the
encapsulation process significantly affects the survival
of probiotic cells [18]. The composition of the matrix
material in encapsulation needs to be optimized to
enhance the protection of the core material from
environmental influences (temperature, humidity, and
other interfering substances) during the encapsulation
processing period. Additionally, resistance to the
digestive tract must be considered when selecting matrix

materials. The chosen material must withstand the

physical and chemical properties of the digestive tract
and facilitate controlled release at the target area [19].
Polysaccharides are the most commonly used
materials as a matrix for probiotic encapsulation.
Polysaccharides have characteristics that are good
enough to be used as microcapsule walls, such as
gelation properties, structural strengthening agents, and
enteric dissolution, which allows polysaccharides to
dissolve only in the intestinal environment and are
prebiotic [20]. Maltodextrin is a material often used as a
microcapsule matrix; this modified starch material is
still imported for food and medicine needs [21].
Therefore, it is necessary to use other alternatives that
can meet the availability of capsules. Alginate and
carrageenan are types of polysaccharides contained in
seaweed, both of which have abundant sources of
materials. Alginate and carrageenan have properties
suitable as gel-forming compounds, with sufficiently
high viscosity and good gel strength, making them
potentially useful as encapsulation matrix materials [22-
24]. Therefore, it is necessary to optimize the
composition of the matrix and the appropriate
processing techniques to maintain the stability of the
synbiotic powder within the capsules, thereby

enhancing its effectiveness in cultivation.

Materials and methods

Materials

Sodium Alginate was extracted directly from E.
cottoni from the Balai Perikanan Budidaya Air Payau
(BPBAP) Situbondo, and Carrageenan from Sargassum
sp. from the Balai Besar Perikanan Budidaya Air Payau
(BBPBAP) Jepara. Probiotics used in this study were
Bacillus subtilis, Lactobacillus casei, Nitrosomonas,
Nitrobacter and Yeast Saccharomyces cerevisiae
obtained from the Faculty of Medicine, Universitas
Brawijaya. The probiotic fermentation ingredients used
were molasses, brown sugar, rice bran and other
additives such as ginger, turmeric, javanese tumeric
pineapple, and milk. The synbiotic ingredients used
were rice flour, tapioca flour, coconut water and garlic
as a source of prebiotics. Encapsulation process
materials included 0.9% NaCl, 0.2 M CaCl, and 0.3 M
KCL. The ingredients for calculating total bacteria were
agar (PCA), 0.9% NaCl and distilled water.
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Seaweed extraction

The carrageenan extraction method refers to
previous research methods [25], where seaweed is
washed to remove salt content and cut into 2 - 4 cm
lengths. Extraction is carried out using 100 grams of
dried seaweed, then extracted using 4% hot KOH
solution (1L) for 2 h at a temperature of 80 °C. Then the
seaweed is washed to remove KOH, and the pH of the
seaweed becomes 8 - 9. The seaweed is soaked in water
with a ratio of 1:20 for 30 min at a temperature of 80 °C
and then filtered with a calico cloth. The resulting
filtrate is then added to 2% KCI solution (1:2) at a
temperature of 30 °C. The obtained carrageenan fibres
were then dried at 60 °C and ground into a fine powder
until they passed a sieve of 60 mesh.

The SA extraction method used refers to previous
research methods [26,27], Extraction was done using 25
g of dried seaweed, then soaked in 800 mL of 2%
formaldehyde for 24 h at room temperature. The sample
was washed with water, then 0.2 M HCI (800 mL) was
added and left again for 24 h. After that, the sample was
washed with deionized water and extracted using 2%
sodium carbonate for 3 h at 100 °C. The extracted
solution was filtered and centrifuged (4,000 rpm) for 30
min. After that, the filtrate was added with 2.5% sodium
hypochlorite to be bleached until yellowish white. Then,
the products were precipitated with 95% ethanol, three
times the sample volume. The collected sodium alginate
was washed twice with 100 mL of acetone and dried at
60 °C.

Probiotic culture
Cultures were carried out using the streak plate
method on the prepared TSA and NA media. After that,

incubation was carried out at 37 °C for 24 h. After the
re-culture process, a scale-up was carried out on liquid
media. The bacterial culture process on liquid media
was carried out using TSB media for Nitrosomonas and
Nitrobacter bacteria, NB media for B. subtilis and L.
casei bacteria, and 0.9% NaCl for S. cerevisiae yeast.
After planting, the culture process was carried out using
a shaker incubator at 37° C for 24 h at 175 rpm.

Synbiotic preparation

The preparation of synbiotics begins with making
a probiotic fermentation solution. The fermentation
preparation process begins with mixing red ginger,
turmeric, and javanese turmeric (1 kg) and boiling in 11
L of water. Next, 1 kg of brown sugar and 400 g of rice
bran are added and reheated until boiling and well
mixed. After that, wait for the temperature to drop to 60
- 70 °C to add 600 g of pineapple, 1 L of milk, and 1 L
of molasses, and reheat until boiling at medium
temperature. After boiling, the solution is then allowed
to cool to room temperature. Next, probiotics were
mixed with 100 mL each of Nitrosomonas, Nitrobacter,
B. subtilis, and L. casei and 24 mL each of S. cerevisiae
with a density of 108 CFU mL™! [5]. The solution was
then fermented for 2 weeks at room temperature and in
dark conditions [28].

Synbiotics were prepared by mixing (spray
method) 100 mL of fermented liquid probiotics into 100
g of sterilised tapioca and rice flour. After that, 50 mL
of coconut water and 50 g of garlic were added. After
the ingredients were mixed, they were dried in a
dehydrator at 35 °C for 48 h. The manufacturing process

is also presented in Figure 1.
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Figure 1 Synbiotic preparation.
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Encapsulation precessing

The synbiotic encapsulation process was carried
out using the extrusion method [29]. The encapsulation
process was carried out by dissolving the matrix (SA,
CG, and SC) as much as 1.25%, 1.75% and 2.25% into
0.9% NaCl and heating until the material dissolved.

Then, let the matrix solution stand at 40 °C and mix the

—_—

Matrix ’

Synbiotic powder

b }

== =F

‘Q. F

NaCl 0.9% solution
reach 40° then add

Temperature at 70°C 14U
synbiotics powder

until thealginate dissolves

Figure 2 Encapsulation precessing.

Analysis parameters

Microcapsule structure and diameter

Morphological capsule analysis used the Scanning
Electron Microscope (SEM) method. Testing was
carried out at the Integrated Research Laboratory,
Universitas Brawijaya. SEM testing was carried out to
determine capsule characteristics, the structure and
shape of the particles, and the surface condition,
specifically to determine differences in the analysis of
the use of different matrix materials and capsule

characteristics in the storage process.

Viability of probiotic

Bacterial viability was determined to determine
the number of probiotic bacteria in the sample to be
taken and to identify changes in viability that occurred
before and after treatment. This bacterial cell calculation
was done by taking 1 g of the capsules used as a sample
and suspending them in 9 mL of 0.9% NaCl [30].
Furthermore, the sample was stirred for 25 min until the
microcapsule polymer broke (the mixture was cloudy)
and vortexed until homogeneous. After homogeneity,
the next step is to dilute and count bacterial cells by
taking 100 microliters of the dilution results into agar
media, then incubating for 48 h at 37 °C [31].

wait for the temperature to

synbiotic powder into it. The suspension obtained was
then put into a syringe, and microcapsule granules were
formed by pouring it into 0.3 M KCl or 0.2 M CaCl,.
The formed capsules were then filtered and rinsed again
with 0.9% sterile NaCl and dried in a dehydrator at 40
°C for 2 h (Figure 2).

Py Extrusion method

i

Driedat40°C for 2
hours

Cross-link solution Synbiotic encapsulation

Encapsulation efficiency

Encapsulation efficiency was calculated by
comparing the efficiency of capsule use in protecting
bacterial viability before and after encapsulation. This
parameter was used to determine how efficient the
material was in protecting the core material (bacteria)
from other factors. Microcapsule efficiency can be

calculated using the following formula [32].
EE (%) = ~£ x 100%
No

where, EE: Encapsulation Efficiency; Ni Bacterial
viability after encapsulation (Log CFU mL™"); No:
Bacterial viability before encapsulation (Log CFU
mL™)

Viscosity of capsules

Viscosity measures a liquid's ability to not flow.
Viscosity testing is carried out using a Brookfield brand
Vicometer at the Food Safety and Quality Testing
Laboratory, Faculty of Agricultural Technology,
Universitas Brawijaya, Malang. The encapsulation
matrix formulation must have optimal viscosity; this
allows the core material to remain stable and facilitates

optimal release transitions.
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Functional group analysis

This test was conducted using a Fourier Transform
Infrared Spectrometer (FT-IR) at the Integrated
Laboratory, Faculty of Agricultural Technology,
Universitas Brawijaya. This test aimed to determine the
functional groups contained in the capsules before and
after the encapsulation process and shelf life testing.

Results and discussion

Viscosity of encapsulation

The use of different types and doses of matrix,
based on Table 1, shows a significantly different effect
on the viscosity value of the capsules. The viscosity
results for each matrix type increased along with the
matrix dose used. SA and CG experienced a significant

increase in viscosity values at a dose of 2.25%.

Table 1 The effect of different types of matrix and doses.

However, they had the same increase pattern; the
viscosity value of SA at that dose was much higher than
that of CG and all treatments. While SC had a different
increase pattern compared to SA and CG. The viscosity
value of SC also increased at a dose of 2.25% but was
not higher than the increase that occurred at a dose of
1.75%. The combination of alginate and carrageenan
can form hydrogen bonds through molecular
interactions through the carboxyl and hydroxyl ether
groups in it [33], so that the microstructure formed from
this polymer combination can experience changes in
physical and chemical properties, such as viscosity and
tensile strength, from the use of a single polymer. In
addition, it has been reported that each coating material
has a different maximum limit for increasing viscosity

until there is no further increase [34].

CG SC

1.25%  1.75% 2.25% 1.25% 1.75% 2.25%

SA
Parameters
1.25% 1.75% 2.25%
Viscosity (cp) 540.00F  623.33F  3260.00?
Gel strength (N) 7.034 7.90<d 14.60?
Viability (Log CFU mL™) 9.23¢cd 9.29be 9.432
EE (%) 97474 9811 99 553

783.33¢  996.67° 2633.33% 523.33F 1616.67¢ 1943.33¢
4.10¢ 7.434 11.13° 5.10¢ 8.60° 7.90¢¢

9.13¢ 9.25b¢ 9.32b 9.18¢% 9.27b 9.27b

96.42¢  97.68>¢  98.40° 96.95%  97.92b¢ 97.86%

Gel strength of encapsulation

Gel strength has a result that is directly
proportional to the dose used; the higher the dose used,
the greater the gel strength will be (Table 1). This
increase is also the same as the viscosity value, which
increases with the addition of the dose given. SA has a
higher gel strength value than other types of matrix. The
gel strength of CG has a relatively similar increase in
each dose addition, while in the SA matrix, with a low
dose, there is a low increase, different from the dose of
2.25% which experienced a significant increase of more
than 80% from the dose of 1.75%. The gel strength of
SA with a dose of 2.25% is the highest result compared
to other treatments; this result is also comparable to the
viscosity value in this treatment, which is also the
highest result. Previous studies have reported alginate
has a higher tensile strength than carrageenan [35].
Linear copolymer blocks of guluronic acid (G) and
mannuronic acid (M) are polymers that play a vital role
in the physical properties of alginate, including gel
strength [36]. The proximity of the number of G-block

bonds and the length of G-block damage influences the

gel strength value of sodium alginate.

Viability of synbiotic encapsulation

The viability value in each treatment is directly
proportional to the gel strength value of the capsules
(Table 1). Increasing the gel strength of the capsules
also increases the viability value of bacteria in the
capsules. SA has the highest viability value among other
treatments; the higher the dose used, the higher the
bacterial viability value. Gel strength and viscosity are
the main parameters to determine the quality of
entrapment in capsules, based on previous studies with
different matrix materials showing that materials with
high viscosity and strength values also have high
viability and encapsulation efficiency [37]. These
results indicate that the higher the viscosity and gel
strength values, the faster the gel formation process and
the stronger the gel. The higher the viscosity and gel
strength values, the higher the chance of the core

material being protected in the capsules. Environmental
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parameters are factors that affect the viability of
capsules. The drying process in capsules can cause
damage and evaporation of the core material in the
capsules if the matrix material used has low gel strength
and viscosity. Other studies have also explained that
high viability values can be caused by calcium cross-
linking with alginate, which increases the strength of the

gel to form a protective matrix [38].

Encapsulation Efficiency

The encapsulation efficiency value compares the
viability of bacteria in the powder and the viability of
bacteria after the encapsulation process. The viability
value obtained in the synbiotic powder before
encapsulation was 9.47 Log CFU mL . The efficiency
value from Table 1 shows that the type of matrix and
different doses greatly affect the encapsulation
efficiency value. The highest efficiency value in this
study was 99.55% in SA with a dose of 2.25%, which
was higher than several other materials that have been
used, such as starch, gellan, and gum arabic, which were
85% - 95% [39-41]. The efficiency value is directly
proportional to the viability value of bacteria in the
capsules. The increase in viability in capsules also
indicates that the capsules made have high efficiency.
This efficiency value is influenced by high gel strength
and viscosity; high viscosity helps accelerate gel
formation and increase gel strength, so that the core
material can be better protected [42]. Higher doses in
each matrix showed an average increase in the resulting
efficiency value, which is also directly proportional to
the gel strength value obtained. This result can be
explained by the fact that increasing biopolymer
molecules in the microcapsule volume, which can also
increase the number of calcium ion binding sites [43].
The high content of -COOH and -OH in alginate and
carrageenan allows the formation of a dense network to
occur because the cross-linking of biopolymers through
hydrogen bonds and ionic interactions causes a decrease
in the distance between alginate and carrageenan
molecules, so that it can encourage the formation of a
denser network structure [44].

IR spectral characterization

Based on the spectral results of the IR functional
group analysis, the capsules in the SA and CG matrix
have similar spectra. The functional groups in the
capsules show the presence of C=0O groups in each
treatment with absorption wave numbers of 1,632.36 -
1,635.73 cm™! (Figure 3(a)). In addition, absorption at
a wavelength of 1,233.62 - 1,236.49 c¢cm™' in SA
indicates the presence of a C-O group (Figure 3SA(b)).
The C-O group that appears at these wave numbers has
low intensity, indicating that many C-O groups in
alginate are bound to Ca®" as a cross-linking agent for
the -COO group [45]. Carboxyl groups (COOH) in
alginate and carrageenan were detected through
absorption at wavelengths of 3,235.55 - 3,239.86 cm™!
(Figure 3(c)). B-D-mannuronic acid (M) and a-L-
guluronic acid (G) are the structural components of
alginate that have free carboxyl and hydroxyl groups in
their polymer chains as the main functional groups [46].
These groups play a role in facilitating the gelation
process with divalent cations in the form of calcium ions
through a cross-linking process [47]. The presence of
this absorption indicates that both functional groups are
active in the process of gel structure formation in the
cross-linking process. The carboxyl group of alginate,
the carboxyl group, and the sulphate group of
carrageenan can interact with calcium ions through ionic
cross-linking with divalent calcium ions [48]. These
bonds play a role in gel formation in capsules with a
combination of SA and CG matrix.

Absorption at wavelengths of 1,232.18 - 1,233.62
cm! in the CG matrix indicates the presence of sulphate
ester groups that play a role in gel formation in the CG
matrix (Figure 3CG(b)). In general, carrageenan has
sulphate ester groups (-OSOs") as the main anionic
groups. Carrageenan contains about 15% - 40% sulphate
esters, except in the B-carrageenan structure, which does
not contain sulphate [49]. Sulphate ester groups in
carrageenan play a role in the cross-linking process for
gel structure formation. Ca®" ions form intra- or
intermolecular cross-bridges between sulphate ester
groups in the carrageenan chain [50].
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Figure 3 IR spectra analysis on different types of matrix and doses. Sodium Alginate (SA); Carrageenan (CG); Alginate

+ Carrageenan (SC); 1,25% (1); 1,75% (2); 2,25% (3).

Analysis of encapsulation surface structure

A scanning electron microscope (SEM) was used
in this study to evaluate the surface structure produced
on various types of matrix in this study. The SA 2.25%
matrix type was observed to be the best treatment
compared to other treatments in this study (Table 1).
Maltodextrin and dextrin were also observed as
comparison matrix in combination with 1% SA (Figure
4). Based on the results obtained, it can be observed that
the particle structure formed on the surface of each
material has an irregular agglomeration shape, but with
different conditions. The matrix type and prebiotic

material used have hygroscopic properties, causing the

material to clump, resulting in an irregular structure
[51]. The surface structure of the maltodextrin and
dextrin matrix capsules is smoother and moister (Figure
4, DX; MD). Maltodextrin and dextrin matrix have
lower viscosity than alginate, so during the mixing
process, the core material dissolves more easily,
resulting in a smoother and moister surface structure.
Based on research [52], it also shows that alginate and
maltodextrin microparticles have a smoother surface
structure. However, the moist condition of the capsule

can cause a decrease in shelf life quality because it can

cause biological damage [53].
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g 10.00 kV ta FEG 650 Un

Figure 4 Scanning Electron Microscopy (SEM) analysis; Sodium Alginate 2.25% (SA1 (Magnification: 22%) and SA2
(Magnification: 300x)); Alginate 1% + dextrin (DX1 (Magnification: 22x) and DX2 (Magnification: 300x)); Alginate
1% + Maltodextrin (MD1 (Magnification: 22x) and MD2 (Magnification: 300%)). The red circles indicate the rough and
smooth characteristics of the capsule surface. The orange circles indicate the dry and moist characteristics of the capsule

surface.

In addition, capsules with the SA matrix showed
rougher, wrinkled, and drier surface structures than
other matrix structures (Figure 4SA). Another study
explained that CaClz as a binding solution plays a role
in changing the surface properties of microparticles
[54]. Calcium ions in solution can form cross-links with
alginate gel, which can cause the outer layer to become
denser [55]. A denser capsule surface indicates good
strength in protecting the capsule core material; surface
density can prevent leakage of the core material and
protect it from external disturbances. Previous studies
have also shown that capsules with alginate material
exhibit a stronger gel structure than other materials. The
absence of gaps or cracks on the capsule surface is
significant in ensuring lower gas permeability and
improving the protection of encapsulated probiotic cells,
thereby reducing the adverse effects of external factors
on the cells [52,56]. Additionally, using FOS in crude
garlic extract also plays a role in narrowing the
encapsulation pores. FOS can produce a more cohesive
structure, smaller pores, and higher viscosity,

significantly affecting the gel surface structure [57].

Conclusions

Based on the results obtained, conclusions were
drawn to determine the optimal process of making
synbiotic powder encapsulation. SA at a dose of 2.25%
is the best treatment application in this study to maintain
viability and increase the Encapsulation Efficiency
value. This treatment obtained the highest viscosity and
gel strength values at 3,260 cp and 14.6 N, respectively.
High viscosity and gel strength values can improve the

function of the capsule wall in protecting the core
material from environmental influences. The surface
structure of the capsule also showed a dense and dry
condition, making it very suitable for protecting the core

material from external factors.
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