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Abstract: The drying process is often a problem in maintaining the stability
of probiotics and the quality of microcapsules in the processing of synbiotic
microencapsulation. This study aims to optimize the temperature and
drying time to maintain the core material's stability and the microcapsules'
quality. The research design in this study was a completely randomized
design with two factorials, namely drying temperature (30°C, 35°C, and
40°C) and drying time (2, 2.5, and 3 hours). The results showed that the
highest viability and efficiency values were obtained in the drying process
at 40°C for 2 hours, which were 9.29 log CFU/mL and 98.10%. In addition,
the water content and gel strength of the microcapsules obtained also
showed optimal conditions. Based on the results obtained, it can be
concluded that the drying process at 40°C for 2 hours is the best treatment,
with the highest viability and EE values and low water content values.
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Introduction

The application of synbiotics in cultivation plays a
major role in maximizing the performance of probiotics
in the digestive environment of fish. Synbiotics have also
been shown to be more effective when compared to
giving probiotics alone (Merrifield et al., 2010).
Probiotics play a role in facilitating digestion and
improving the immune system through the digestive
tract. Probiotics must be sufficient to form colonies and
provide benefits; the recommended density is 107-10°
CFU/mL (Mohamadzadeh et al., 2024; Tripathi & Giri,
2014). Research related to oral applications continues to
be improved to increase the effectiveness of probiotic
use. However, the digestive tract, which has extreme
conditions, is still a major obstacle that can reduce the
effectiveness of its use (Koh et al., 2022). The diversity of
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temperature, pH, oxygen, and water content conditions
in the digestive system are still variables that affect the
survival and viability of bacteria (Razavi et al., 2021).

The application of synbiotic powder has been
reported to have excellent advantages in maintaining the
stability of probiotics in the digestive environment
through sporulation formation. The formation of
bacillus bacterial spores has been reported to support the
survival of bacteria in less supportive environmental
conditions (Mahariawan et al., 2020). However, this
application is still limited to bacteria that can form
spores only.

Microencapsulation  techniques can  protect
functional materials such as synbiotic powder in
digestive environmental conditions.

Microencapsulation techniques can prevent decreased
viability and maintain stability in the digestive tract
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(Iravani et al, 2015). In addition, synbiotic
microencapsulation has also been reported to increase
bacterial viability (Do Carmo Alves et al., 2023).
However, in the microencapsulation technique, the use
of synbiotics as the core material is greatly influenced by
the drying process during processing. The drying
process is needed to reduce the water content in the
microcapsule structure, as water content that is too high
can reduce the quality of the microcapsules. However,
drying processes such as temperature and drying time
can affect the viability of microcapsules, surface
structure, and thermal stability.

Therefore, this study aims to determine the optimal
drying technique, based on temperature and drying
time, to maintain the stability of synbiotic powder in
microcapsules and increase its effectiveness in fish
farming.

Method

Materials

The matrix material used in this study was Sodium
Alginate extracted directly from Sargassum sp. from the
Balai Besar Perikanan Budidaya Air Payau (BBPBAP)
Jepara. Probiotics used in this study were consortia
microbial  (Bacillus  subtilis,  Lactobacillus  casei,
Nitrosomonas, Nitrobacter, and Saccharomyces cerevisiae),
which were fermented with several ingredients such as
molasses, brown sugar, rice bran, and additional
ingredients, such as ginger, turmeric, temulawak,
pineapple, and milk. Synbiotic powder ingredients
include rice flour, tapioca flour, coconut water, and
garlic. Microencapsulation processing ingredients
include 0.9% Na-fis and 0.2 M CaClz. Bacterial counting
ingredients include Plate Count Agar (PCA), 0.9% Na-
fis, and distilled water.

Aliginate Extraction

The Alginate extraction method used refers to the
previous research method (Rashedy et al, 2021);
extraction was carried out using 25 g of dried seaweed,
then impurities were removed using 2% formalin (800
mL) for 24 hours, then continued with soaking using 0.2
M HCI (800 mL) for 24 hours. After that, the sample was
washed with deionized water and extracted using 2%
sodium carbonate for 3 hours at a temperature of 100°C.
The extraction solution was filtered and centrifuged
(4,000 rpm) for 30 minutes. After that, 2.5% Sodium
Hypochloride was added to the filtrate to be bleached
until it was yellowish-white. The bleaching results 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.
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Probiotic preparation

Culture was carried out using the streak plate
method on prepared Tryptic Soy Agar and Nutrient
Agar media. After that, incubation was carried out at
37°C for 24 hours to grow probiotics. After the probiotics
were refreshed on the agar media, a scale-up was carried
out on liquid media. The bacterial culture process on
liquid media was carried out using Tryptic Soy Broth
media for Nitrosomonas and Nitrobacter, Nutrient Broth
media for B. subtilis and L. casei, and 0.9% NaCl for Yeast
S. cerevisige. After planting, the culture process was
carried out using a shaker incubator at 37°C for 24 hours
at a speed of 175 rpm.

Probiotic Fermentation

Probiotic fermentation was carried out according to
previous research based on (Fernanda & Hariani, 2021).
Additional ingredients such as red ginger, turmeric, and
temulawak were each ground with water (w:v) and
heated with an additional 11 L of water. Furthermore, 1
kg of brown sugar and 400 g of bran were added and
reheated until boiling. Then, the temperature was
lowered to around 60-70°C to add 600 g of pineapple, 1
L of milk, and 1 L of molasses and reheated at a stable
temperature. After completion, the ingredients were left
to room temperature, and then Probiotics such as
Nitrosomonas, Nitrobacter, B. subtilis and L. casei were
added, each given 100 mL and Yeast S. cerevisiae 24 mL,
with a density of 108 CFU/mL each (Tripathi & Giri,
2014). Furthermore, the fermentation process was
carried out for two weeks to increase its nutritional
value.

Synbiotic Preparation

Synbiotics are made by combining probiotics and
prebiotics that have been made. Synbiotic powder is
made by mixing (spray method) 100 mL of probiotic
fermentation solution into 100 g of tapioca flour and 100
g of sterile rice flour. After that, a mixture of 20 mL of
coconut water and 1.2 g of garlic is added. After mixing,
the ingredients are dried in a dehydrator at about 35°C
for 48 hours.

Microcapsule Processing

The encapsulation technique used in this study is
the extrusion method. The encapsulation process is
carried out by dissolving a 2.25% alginate matrix into 60
mL of 0.9% NaCl and heating until the ingredients are
dissolved. Then, let the matrix solution stand until it is
at 40°C, and mix the synbiotic powder into it. The
suspension obtained is then put into a syringe, and
microcapsule granules are formed by pouring it into
0.2M CaClz. The formed microcapsules are then filtered
and rinsed again with 0.9% sterile NaCl and dried in a

dehydrator with a temperature treatment of 30°C, 35°C,
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40°C, and 2, 2.5, and 3 hours of drying time, with three
repetitions for each treatment.

Research Parameters
Viability of Consortium

Bacterial viability is carried out to determine the
number of probiotic bacteria in the sample to be taken
and to identify changes in viability that occur before and
after treatment. This bacterial cell calculation is carried
out by taking 1 g of microcapsules as a sample and then
suspending them in 9 mL of 0.9% NaCl. The next step is
to dilute and calculate bacterial cells by taking 100 pL of
the dilution results into agar media and then incubating
them for 48 hours at 37°C (Pupa et al., 2021).

Encapsulation Efficiency

Encapsulation efficiency is calculating the efficiency
value of using microcapsules to determine bacterial
viability before and after encapsulation. This parameter
determines how efficiently the material protects the core
material (bacteria) from other factors. The efficiency of
microcapsules can be calculated using the Formula 1
(Sun et al., 2022):

EE (%) = 2 X 100% )
0

Description:

EE : Encapsulation Efficiency

Nt : Viability after encapsulation (log CFU/mL)

No: Viability before encapsulation (log CFU/mL)

Gel Strength

Gel strength measures the matrix material's ability
to form a gel to protect the core material. Gel strength
testing uses a Brookfield texture analyzer at the Food
Quality and Safety Testing Laboratory, Faculty of
Agricultural Technology, Universitas Brawijaya,
Malang. Gel strength is the main parameter that can be
used to determine the effectiveness of microcapsules in
protecting core materials from environmental factors.

Water Content

Water content is a parameter used to measure the
value of water composition in a material. Water content
measurement is carried out to determine changes in the
composition of water content in microcapsules. The
water content testing method used is the Gravimetric
method (Cai et al., 2020), with the Formula 2.

Water content (%) = % x 100% 2)

Description:

A : Weight of empty cup (g)

B : Cup weight + Initial sample (g)
C: Weight of cup + dry sample (g)
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Result and Discussion

Water Content of Microcapsule

Based on the statistical analysis obtained, the drying
process with different temperatures and drying times
showed significantly different results on the water
content of the microcapsules with a p-value of 0.000 <
0.050. Based on Duncan's further test analysis, the drying
process at 35°C and 40°C has no different water content
results (p-value 0.136 > 0.050) (Figure 1); this indicates
that the use of alginate matrix in microcapsules can
maintain the core material from environmental
influences. The cross-linking condition of the alginate
gel structure helps to keep the core molecules inside the
matrix; the more calcium ions are bound to the alginate
gel structure, the less space is left for water molecules to
escape into the matrix (Labowska et al., 2023).

Temperature
=-=30°C
—35°C
—40°C

8400

8300

6200

&1.00

Estimated Marginal Means of Water Content (%)

——

2 25 3

8000

Time (hour)

Figure 1. Water content of microcapsule

The results show that the water content value in all
microcapsule treatments is 280%. Nezamdoost-Sani et
al. (2023), explained that alginate hydrogels can wrap
core materials with high water content, up to more than
90% of water in free, bound, and semi-bound forms.
These results are also supported by the research of (Li et
al.,, 2023), who used alginate material with several
combination methods, resulting in a 92.1-95% water
content. In this study, the lowest water content results
were obtained in the drying process at 40°C for 3 hours,
which amounted to 80.09%. Meanwhile, the highest
water content of 83.35% was obtained at the lowest
drying temperature, 30°C, for 2 hours. Based on these
results, it can be explained that the higher the
temperature and the longer the drying time, the lower
the water content. This drying process aims to dry the
microcapsule surface without damaging the core
material in the microcapsules. The drying process at
35°C for 2 hours shows the optimal drying point on the
microcapsule surface, as evidenced by the results that
are not significantly different in the higher temperature
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and drying duration treatments given. The water
content on the microcapsule surface will quickly
evaporate during the drying process. However, the
water content in the microcapsules will be maintained
due to the capture process. Too high water content on
the microcapsule surface can affect the microcapsule's
shelf life quality. Water content on the microcapsule
surface can lead to a high potential for contamination
due to the attachment of contaminant microorganisms to
the moist surface. Zhu et al. (2022), also explained that
high water content can cause microbiological damage to
microcapsules. High water content can increase the
water-holding capacity in the matrix so that the cross-
linking of gel particles weakens and causes structural
damage (Qi et al., 2020).

Microcapsule Gel Strength

Based on the ANOVA test obtained shows that the
temperature and duration of the microcapsule drying
process have a significant effect on the gel strength of the
microcapsules (p-value 0.000 < 0.050). The longer the
drying time, the greater the gel strength of
microcapsules at 30°C and 35°C. Conversely, at 40°C, it
tends to decrease the longer the drying process is carried
out. These results are also shown in the interaction graph
(Figure 2), which shows an interaction in the length of
drying time for 3 hours between temperatures of 30°C
and 40°C, which shows a decrease in gel strength at a
temperature of 40°C and an increase at a temperature of
30°C. The highest gel strength in this study was obtained
at 35°C with a drying time of 3 hours with 25.6 N, while
the lowest gel strength value was 16.7 N at 30°C for 2
hours. The gel strength results obtained in this study are
more significant than the alginate gel strength values in
several previous studies, namely 9.40 - 11.86 N (Qi et al.,
2020), and 10.97 - 15.51 N/cm? (Abka-khajouei et al.,
2022).

Based on the results obtained at 35 ° C, treatment is
also the optimal condition for drying the water content
in the microcapsule surface (Figure 1). Dry conditions in
the microcapsule surface can tighten the molecular
bonds, thus strengthening the gel surface of the
microcapsules. In addition, drying temperatures that are
too high can have a negative impact and reduce the
strength of the gel in the microcapsules. Temperature
significantly affects the gel-forming properties of
alginate (Altamirano-Rios et al., 2022). Too high a drying
temperature can decrease the microcapsules' gel
strength (Liu et al., 2022).
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Figure 2. Microcapsule gel strength

Drying at high temperatures can remove calcium
ions that play a role in the crosslinking process to form
alginate microcapsule gels. Reduced crosslinking of
calcium ions in alginate may reduce the strength of the
microcapsule gel. Previous studies have also reported
that ionic crosslinking in alginate gels and the drying
process affect each other (Labowska et al., 2023). Da Silva
Fernandes et al. (2018) also explained that degradation
can occur due to low crosslinking of calcium ions in the
alginate matrix. This is also supported by (Qi et al., 2020),
who explained that microgel deterioration can be caused
by weakened ionic crosslinking in the particles.
Therefore, the higher the temperature used, the lower
the gel strength in the microcapsules, but this also
depends on the size of the crosslinks that occur; if the gel
formation is balanced by increasing the crosslinks in the
structure, the microcapsules formed will be more
resistant to higher temperatures.

In addition, the 30°C drying process has a low
average gel strength value compared to other
treatments. The hydrophilic nature of alginate can easily
absorb water while forming the encapsulation solution
(Cokrowati et al., 2022), so the resulting water content is
relatively high. It impacts the capacity of alginate
molecules that crosslink with calcium ions in the
crosslinking solution. The more water molecules
trapped can widen the distance of the binding molecules
and reduce the binding capacity. The drying process at
30°C has a higher water content than the other
treatments (Figure 1), so these results also impact the
lower gel strength values in these treatments (Figure 2).
This condition is also explained in research (Kusuma et
al., 2022) on kappa carrageenan and glucomannan
polymers, which explains that a large enough water
content can cause the ability to withstand the load to be
smaller so that the strength of the gel can also be
weakened because the particle ratio of the dressing
material is lower than the water content in the
microcapsules.
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Viability of Consortium

Based on the results obtained, drying temperature
and time significantly affected the viability value of
probiotics in microcapsules (p-value 0.000 < 0.050).
Previous research also concluded that the viability value
of encapsulated probiotics is strongly influenced by the
temperature and time of the microcapsule drying
process (Avila-Reyes et al., 2014). The temperature of
40°C had the highest viability value at a drying time of 2
hours, which amounted to 9.29 log CFU/mL. However,
the longer the drying process, the viability at 40°C tends
to decrease to 8.97 log CFU/mL at a drying time of 3
hours; this result is also directly proportional to the
resulting gel strength value, where the longer the drying
process at 40°C can reduce the gel strength value so that
it has an impact on the protection process of the core
material. Figure 2 also shows an interaction in the drying
process for 2.5 hours between 40°C and 35°C due to the
decrease in viability that occurs at 40°C the more
extended the drying process and the increase in viability
at 35°C. At 35°C, the viability value increased along with
the length of drying time. The viability values obtained
were 9.03, 9.11, and 9.12 log CFU/mL, respectively. In
contrast to 40°C and 35°C, the treatment at 30°C tended
to experience slow growth and decreased after 3 hours
of drying.

Temperature
=30°C
—35C
==40°C

(Log CFU I'mL)

Estimated Marginal Means of Consortium Viability

N

2 25 3

Time (hour)

Figure 3. Viability of Consortium

Temperature is an environmental parameter that
significantly affects the viability of a consortium (Ni et
al., 2023). Temperature conditions that exceed or fall
below the optimal limit can interfere with the cellular
activity of the consortium cells and can even damage the
cell membrane, thereby reducing the viability value
(Mbye et al., 2020; Homayouni-Rad et al., 2021; Okfrianti
et al., 2018). Lactobacillus bacteria can grow at high
temperatures with an optimum limit of 42°C (Tefara et
al., 2024). Therefore, a reasonably high viability value
can occur at a drying temperature of 40°C for 2 hours.
However, 40°C is the maximum limit of growth
tolerance in other probiotics. It can interfere with the
growth of probiotics, so prolonged exposure to 40°C can

January 2025, Volume 11, Issue 1, 1049-1056

inhibit growth and reduce the viability value of
probiotics. Bacillus subtilis grows optimally at 35-37°C
(Vehapi et al., 2023), S. cerevisiae at 30-35°C (Yang et al.,
2023), while nitrifying bacteria are reported to grow
highly at 30°C, but at temperatures around 40°C their
growth rate starts to decrease (Clements et al., 2024)..
Previous studies have reported that high-
temperature conditions can accelerate the exponential
phase in bacteria (Mahariawan et al., 2020); the higher
the ambient temperature, the faster bacterial metabolism
increases, but metabolism decreases sharply at higher
temperatures (Schulte, 2015). Increased metabolism can
occur at higher temperatures, but prolonged exposure to
the maximum temperature of cell life can inhibit
metabolic activity in the cell. Temperature affects
microbial growth and metabolism through enzyme
activity in the cell. Cell metabolism is supported by the
provision of nutrients from outside, which is assisted by
enzymes that process large nutrient molecules through
hydrolysis (Subagiyo et al, 2015). Environmental
temperature conditions strongly influence the structure
of amino acids in this enzyme; temperatures above the
optimal limit can damage the folding structure of
enzyme proteins. It can impact the metabolic process
and the survival of bacterial cells (Armiliandi, 2024).

Encapsulation Efficiency

The EE value is directly proportional to the viability
obtained; the higher the viability, the higher the EE, and
vice versa. The results show that the EE value during the
drying process is relatively high at more than 90%,
indicating that the capture process occurs well. The
drying process at different temperatures and drying
times significantly affected the resulting EE value (p-
value 0.000 < 0.050). However, the drying process at
35°C at each drying time based on Duncan's further test
had values that were not significantly different (p-value
0.065 = 0.050). These results show that the temperature
of 35°C is still optimal during drying.

Temperature
=—30°C
—35C
95.00 : —40°C

96.00

9400

9200 /\

2 25

Estimated Marginal Means of Encapsulation Efficiency
(%)

w

Time (hour)
Figure 4. Encapsulation Efficiency
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Although the 35°C treatment had a relatively high
average EE at each drying duration, the highest EE value
was obtained at 40°C with a drying duration of 2 hours,
which amounted to 98.1%. The results also show that the
drying duration of 2 hours is optimal at 40°C because the
longer the drying duration is carried out, the decrease in
EE value is shown. Temperature significantly affects the
function of intracellular and extracellular enzymes of
microorganisms; optimal temperature conditions can
increase enzyme activity in bacterial cells (Saravanan et
al., 2021), which can help accelerate cellular metabolic
processes. Meanwhile, the drying temperature of 30°C
tends to have a lower EE value compared to other
treatments. Temperatures below the optimum
conditions can inhibit membrane function and nutrient
absorption (Nie et al., 2021; Subagiyo et al., 2015). In
addition, this result is also related to the gel strength
values obtained (Figure 2). The low value of gel strength
in the 30°C drying treatment is one factor that interferes
with the stability of probiotics in microcapsules. This
result is also in line with previous research that shows a
straight comparison between gel strength and the
efficiency value of pure alginate hydrogel, in the study
showing that the lower the gel strength produced, the
efficiency value will decrease and vice versa (Karakas et
al., 2022).

Conclusion

Based on the results obtained, it can be concluded
that the drying process at 40°C for 2 hours can produce
the highest viability and EE values among the
treatments tested, with values of 9.29 log CFU/mL and
98.10%. A high enough temperature can accelerate cell
metabolic processes so that viability can be optimally
maintained, but prolonged exposure to high
temperatures can reduce the viability value of
probiotics. Therefore, a drying temperature of 40°C for 2
hours is an appropriate treatment to maintain the
viability of the consortium in microcapsules. The water
content value obtained in this treatment was also not
significantly different compared to the lowest water
content; the value obtained was 80.94%. In addition, the
gel strength value obtained in this treatment amounted
t019.9 N, which is relatively high and proved to be good
at protecting the core material based on the value of
viability, EE, and maintained water content.
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