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Abstract— The consumption of kombucha has been increasing in recent years due to its health benefits. However, its strong and distinctive
flavor can be a limiting factor for consumer acceptance. Therefore, producing kombucha beads through spherification provides an
alternative method of consuming kombucha. This study investigated the effect of sodium alginate (SA) concentration on the release of
total phenolic content, reducing sugar, and antioxidant capacity from kombucha beads. Additionally, the stability of kombucha beads in
simulated gastric juice was investigated in terms of viable bacteria. The microstructure of kombucha beads was investigated using a
scanning electron microscope (SEM). The result showed that kombucha beads produced tear-shaped beads. Increasing the concentration
of sodium alginate led to an increase in the size and hardness of the kombucha beads (P < 0.05). However, increasing the concentration
of sodium alginate did not affect the release of total phenolic content, reducing sugar and antioxidant capacity (P > 0.05). Interestingly,
1% SA-kombucha beads had the highest viability of bacteria (P < 0.05) after low pH simulation compared to 2% to 5% SA-kombucha
beads. SEM analysis revealed that kombucha beads had cavities and deposits of NaCl at 2% and higher concentrations of sodium alginate.
While the FTIR spectra showed that no new peaks were generated in the kombucha beads, stretching peaks were observed at 3000-3500
em’! This study highlighted the potential of alginate beads for encapsulating polyphenolic compounds as an innovative approach for food
applications. Further study is needed to understand the release behavior of probiotic microorganisms in kombucha during digestion.
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fermentation consists of two steps: alcoholic fermentation,
which converts sugar into ethanol by yeast, and acidic
fermentation, which oxidizes ethanol into organic acids by

[. INTRODUCTION

Kombucha is a fermented drink made by a consortium of yeast
and bacteria known as SCOBY (symbiotic colony of bacteria
and yeast) [1]. Kombucha originated in China and has gained
popularity due to its reputation as a natural source of probiotics.
Traditionally, it is prepared by fermenting sweetened tea
fermentation for approximately 14 days. Kombucha
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lactic acid bacteria and acetic acid bacteria [2]. The final
product of kombucha has acid and a slight ethanol flavor [1].

Kombucha is considered a functional drink since it contains
polyphenolic compounds that act as antioxidants. Polyphenolic
compounds found in black tea are transformed into low-
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molecular-weight phenolic compounds during kombucha
fermentation, thereby enhancing the antioxidant capacity [3].
Kombucha is also a source of lactic acid and acetic acid
bacteria; some of them act as probiotics, helping to maintain the
balance of bacteria in the gut [4].

Preserving bioactive compounds and probiotics is challenging
due to the harsh environment of the human digestive system.
The release of bioactive compounds needs to be controlled so
that they can be delivered to a specific target [5]. Encapsulation
by the spherification technique has been applied to preserve
bioactive compounds [6; 7]. Moreover, spherification is also
used to preserve probiotics as proposed by [8; 9].

Hydrogel or bead gains interest as it provides a unique
experience for consumers on the taste buds [5]. Beads help
mask bitterness or unacceptable flavor. Beads also help protect
compounds from harsh environments during storage or
digestion, allowing them to reach their target. Beads can be
made using the spherification or reverse spherification
technique with a broad range of hydrocolloids. At the same
time, sodium alginate (SA) is the most commonly used
hydrocolloid in the encapsulation process [10].

The objectives of this study were (1) to investigate the physical
characteristics and release behaviour of phenolic compounds
and reducing sugar in kombucha beads made by the addition of
sodium alginate at different concentrations; (2) to examine the
viability of lactic acid bacteria in kombucha beads made with
several concentrations of sodium alginate in simulated gastric
juice. This study aims to provide a deeper understanding of how
to design kombucha beads to achieve a desired release behavior
of bioactive compounds.

II. Materials and Methods
A. Materials
Black tea, sucrose and kombucha starters were obtained from
the local market. Sodium alginate was bought from the local
market. Chemicals for reagents were bought from Merck
(Merck, Darmstadt, Hesse, Germany). While standards for
analysis, namely catechin, Trolox, and glucose, were purchased
from Sigma Aldrich (St. Louis, Missouri, USA).

B. Production of Kombucha Beads

Kombucha Fermentation

Kombucha fermentation was conducted based on [11]. Black
tea, 100 grams, was brewed using 800 grams of boiled water,
then filtered using cheesecloth. The tea solution was then
cooled to room temperature before adding 100 g of sucrose and
100 mL of kombucha starter and SCOBY. Fermentation was
conducted for 15 days at room temperature.

Producing kombucha beads

Kombucha beads were prepared by mixing 100 mL of
kombucha with sodium alginate at varying concentrations (1%,
2%, 3%, 4%, and 5% w/v). The mixture was stirred until
sodium alginate was dissolved. Beads were made by adding the
mixture to a 3% CaCl, solution using a syringe, then soaked for
12 minutes [12].

224|Cakrawati, et al (2025)

Indonesian Food Science and Technology Journal
IFSTJ : Vol 8 No 2, July 2025 (PP:223-228)
ISSN :2615-367X, DOI. 10.22437/ifstj.v8i2.38297

C. Evaluation of physicochemical characteristics of
kombucha beads

A sample of 1 gram of kombucha beads was mixed with 10 mL

of citrate and stirred at 37 °C for 3 hours to release bioactive

compounds and sugars, as proposed by [7]. The solution was

then used for the analysis of total phenolic content, reducing

sugars, and antioxidant capacity.

Total phenolic content

The determination of total phenolic content was performed
following the Folin-Ciocalteu method proposed by [13]. A
sample of 0.1 mL was mixed with 0.1 mL of Folin-Ciocalteau
reagent and then allowed to rest for 6 minutes to facilitate the
reaction. The mixture was then added with 1 mL of 7% NaCOs
and 1 mL of distilled water. The absorbance was measured at
760 nm after incubation for 90 minutes using a Mapada UV-
100 (Mapada UV-1 100, Shanghai Mapada Instrument Co.,
Ltd., Shanghai, China). A standard curve was made by plotting
gallic acid at several concentrations. The result was reported as
mg GAE/100 gram beads.

Reducing sugar

A DNS method based on [14] was used for analyzing the
reducing sugar content released from kombucha beads. A 0.5
mL sample was mixed with 1.5 mL of DNS reagent (10 g DNS,
300 g potassium sodium tartrate and 20 g sodium hydroxide in
1 L of distilled water) and 1.5 mL of distilled water, The mixture
was heated for 5 minutes, then allowed to cool to room
temperature, and then the absorbance was measured at 510 nm.
The standard curve was plotted using glucose at several
concentrations. The result was expressed as mg glucose/g
beads.

Antioxidant capacity

Antioxidant capacity was measured based on the electron
transfer mechanism proposed by [15]. Solution of 2,2'-azino-
bis (3-ethylbenzothiazoline-6-sulfonic acid) or ABTS™" was
prepared by mixing 5 mL of 7 mM ABTS with 88 uL of 140
mM K:S:0s in the dark and holding for 24 hours at room
temperature. Absorbance of ABTS " solution was set to 0.700 +
0.020 at 734 nm by diluting ABTS stock solution with
phosphate buffer saline (PBS). A sample of 5 pL was mixed
with 1 mL of ABTS ** radical solution, then incubated at 30 °C
for 4 minutes, and then the absorbance was measured using a
UV-100 Mapada spectrophotometer. The standard curve was
constructed by plotting Trolox concentrations ranging from 0.5
to 4 mM. The antioxidant capacity was calculated as pmol TE/
g beads.

Stability of kombucha beads in simulated gastric juice

The stability of kombucha beads was measured as described in
[16]. The stability of kombucha beads was defined as the
number of lactic acid bacteria present after the kombucha beads
were mixed with a low pH solution. Approximately 3 grams of
kombucha beads were mixed with 10 mL of 0.2% sodium
chloride solution, pH 2, and stirred at 37 °C for 2 hours. A
supernatant of 1 mL was taken for the enumeration of lactic acid



bacteria by serial dilution using deMan-Rogosa-Sharpe (MRS)
agar as the medium.

Physical characteristics of kombucha beads

FTIR analysis

Spectra of kombucha beads were analyzed using FTIR (FTIR-
8400, Shimadzu, Kyoto, Japan) with resolution at 400-4000/cm
wavelength [17]

Microstructure Analysis

Analysis of kombucha microstructure was conducted using a
scanning electron microscope (SU3500, Hitachi, Tokyo,
Japan). Kombucha beads were freeze-dried (DFD-12-SM, B-
One, Prioritas Bangun Nusantara, Ltd., Banten, Indonesia) to
evaporate water, and then dried kombucha beads were coated
with gold. Analysis was conducted at 3000 magnifications [17].

Statistical Analysis

The experiments were conducted in two independent
replications using a completely randomised block design. The
data were evaluated using analysis of variance (ANOVA) at a
95% significance level, followed by Duncan’s multiple range
tests (DMRT) for post hoc analysis using SPSS software
version 12 (SPSS Inc., USA).

[II. RESULT AND DISCUSSION

The shape of kombucha increased as the concentration of
sodium alginate increased (Figure 1). Kombucha beads with
1-3% sodium alginate had a tear-like sphere, as also proposed
by [18]. However, kombucha beads made by the addition of 4-
5% showed a capsule-like sphere. A higher concentration of
alginate produces larger beads due to the G-block of alginate
(guluronic acid), which forms a stronger gel with calcium ions,
resulting in capsule-like spheres [19].

Fig 1. Kombucha beads at sodium alginate concentration of (A) 1%;
(B) 2%; (C) 3%; (D) 4%; (E) 5%

The size and hardness of kombucha beads increased (P<0.05)
as the concentration of sodium alginate increased, as shown in
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Table 1. The size of kombucha beads ranged from 4.32+0.74
to 21.77+0.39 mm. While the hardness of kombucha beads
ranged from 17.77+7.43 to 80.82+1.60. Kombucha beads’
hardness was higher than pitaya pearls’ hardness, which ranged
from 1.44 N to 2.49 N as reported by [19], but in agreement
with [20] reported hardness of edible bubble from jabuticaba
was in the range of 29.28 N to 80.17 N.

TABLE 1
EFFECT OF SODIUM ALGINATE CONCENTRATION ON SIZE AND HARDNESS
OF KOMBUCHA BEADS

sodium alginate

concentration (%) Size (mm) Hardness (N)
1% 4.32+0.74° 17.77+7.43¢
2% 6.03+1.37¢ 55.21+2.07¢
3% 15.23+£072° 68.83+2.73°
4% 20.28+1.46° 75.71+£2.002
5% 21.77+0.39* 80.82+1.60°

Mean + standard deviation. Values with different notations in the same
column are significantly different (P<0.05)

According to [21], increasing the hydrocolloid concentration
would increase viscosity and show a strong gel-like behavior.
[22]) Adding a low pH would increase the interaction between
kombucha and sodium alginate due to the formation of a strong
covalent bond.

The total phenolic content, antioxidant capacity, and reducing
sugar of kombucha beads did not differ (P > 0.05) as the
concentration of sodium alginate increased, as shown in Table
2. Total phenolic content of kombucha beads ranged from
5.22+ 1.28 to .33+ 0.44 while antioxidant capacity ranged from
12.88+0.21 to 22.23+ 6.90. Reducing sugar of kombucha beads

ranged from 41.70+ 8.09 to 52.11+ 2.16.
TABLE 2.
EFFECT OF SODIUM ALGINATE CONCENTRATION ON TOTAL PHENOLIC
CONTENT, ANTIOXIDANT CAPACITY AND REDUCING SUGAR

SO(.hum Total pl}fm)hc Antioxidant Reducing
alginate content™ (mg .o ns ns
concentration GAE/100 g capacity sugar™ (mg/g

(%) beads) pmol TE/g beads)
1% 8.33+0.43 15.21+1.01 41.70+ 8.09
2% 8.32+ 1.23 22.23+6.90 52.11+2.16
3% 5.22+1.28 12.96+ 3.26 42.88+1.01
4% 6.65+ 0.84 21.77+ 5.85 46.36+ 10.42
5% 7.04£ 1.97 12.88+0.21 50.11+42.57

Mean =+ standard deviation

Increasing the hydrocolloid concentration would decrease the
release of phenolic content and antioxidant capacity from
kombucha beads [23]. [17] observed that high entrapment
efficiency was obtained from cumin seed essential oil hydrogel.

Viability of lactic acid bacteria was decreased (P<0.05) as the
concentration of sodium alginate was increased (Table 3).
Viability of lactic acid bacteria ranged from 65+ 21.21 to 198+
49.49 cfu/g. This result agreed with [16] that the use of sodium



alginate did not provide optimum protection against low pH
during simulated gastric juice.

TABLE 3,
THE EFFECT OF SODIUM ALGINATE CONCENTRATION ON THE VIABILITY
OF LACTIC ACID BACTERIA

Viability of lactic acid bacteria

Sodium alginate

concentration (%) (cfu/ g beads)
1% 198+ 49.49°
2% 86 +28.28°
Sodium alginate Viability of lactic acid bacteria
concentration (%) (cfu/ g beads)
3% 100+ 28.28°
4% 45+7.07°
5% 65+21.21°

Mean =+ standard deviation. Values with different notations in
the same column are significantly different (P<0.05)

Figure 2 shows the SEM images of kombucha beads. All SEM
images of kombucha show a ridge-like structure. Cavities were
observed in kombucha beads with concentrations of 3%, 4%,
and 5% sodium alginate. The existence of cavities may relate to
the decreased viability of lactic acid bacteria at low pH levels
as the concentration of sodium alginate increases. A smooth
surface was observed in kombucha beads at a low concentration
of sodium alginate. Wrinkles were also observed in all
kombucha beads, which may be due to water evaporation
during the freeze-drying process, as reported by [6].

Fig 2. Microstructure of kombucha bead at (A) 1% sodium alginate;
(B) 2% sodium alginate; (C) 3% sodium alginate; (D) 4% sodium
alginate; (E) 5% sodium alginate at 12 minutes soaking time

Figure 3 shows FTIR analysis of kombucha added with sodium
alginate, which exhibits a broad spectral band at 3433 cm™.
This spectrum indicates the presence of hydroxyl groups (-
OH), which are typically associated with phenols or alcohols.
The band supports this observation at 1033 cm™, a
characteristic peak of C-O stretching. Samples made from
kombucha tea may contain phenols, water, alcohols, and
carboxylic acids as byproducts of fermentation [24; 1].
Additionally, the gel formation is influenced by the
concentration of alginate added. Sodium alginate contains
numerous hydroxyl groups attached to mannuronate and
guluronate rings within its structure [25; 18].
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Fig 3. FTIR Spectra of kombucha beads with 1-5% sodium alginate

The peak at 1620 cm™ indicates the presence of carbon-carbon
double bonds (C=C) associated with aromatic compounds. This
is likely due to the gel derived from kombucha tea, which
contains polyphenols with an aromatic structure. Similarly, the
peak at 1427 cm™ suggests CHs bending, while the peak at 771
cm ! indicates C—H substitution on aromatic bonds. Meanwhile,
the band at 609 cm ™! indicates the presence of ionic C—Cl bonds,
likely due to the use of CaCl: in the gel preparation process.

Furthermore, a strong band is observed at 2924 cm™, which
suggests asymmetric C—H stretching. Another strong peak
appears at 1720 cm™, characteristic of the carbonyl stretching
in carboxylic acid groups. This may occur when sodium
alginate undergoes protonation and interacts with kombucha,
while some alginic acid remains unbound. This free acid
contains carbonyl groups in the form of carboxylic acids. From
the spectra obtained, it is evident that as the concentration of
sodium alginate increases, the intensity of the band at 1720 cm™
also strengthens.

Kombucha beads can be produced using the spherification
technique with sodium alginate. Increasing the sodium alginate
concentration increases both the size and hardness.
Interestingly, it does not affect the release of phenolic
compounds, antioxidants, or reducing sugars. It is noteworthy
that cavities were observed in samples with 3% to 5% sodium
alginate, and this may be related to the low viability of lactic
acid bacteria in simulated gastric juice. At a concentration of
more than 2%, kombucha beads exhibit a strong gel due to
covalent bonds supported by the low pH of kombucha [21; 26].
As also observed in the FTIR spectra, which show stretching in
C-O and C-H.

[V. CONCLUSION

In summary, the application of the spherification technique to
make kombucha beads can be done by using sodium alginate.
Moreover, spherification could help retain the release of
phenolic content and antioxidant capacity, as well as reducing
sugar. However, the viability of lactic acid bacteria decreases



as the concentration of sodium alginate increases, indicating the
need to use two or more hydrocolloid mixtures to provide a
smooth and compact surface structure of kombucha beads. This
study highlights the production of kombucha beads using the
spherification technique, providing a unique experience in
consuming kombucha.
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