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2023 probiotic products including in effervescent granules. This study's objectives
were to ensure that the resultant granules possessed the desired physical
attributes and retained the requisite viability of lactic acid bacteria. A wet
granulation method was used. The formula was physically evaluated and
analyzed using Design Expert software, followed by gram staining and bacterial
harvesting. Gram staining verification demonstrated the gram-positive nature
of the pure L. acidophilus bacterial isolates, as evidenced by their consistent
purple coloration and characteristic basil shape. Evaluation of physical
properties revealed organoleptic attributes such as granular shape, white

coloration devoid of odor, flow rate of 1.497 g/sec, an angle of repose at 40.75°,
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compressibility of 11.45%, drying loss of 0.62%, and a foam height of 3.075 cm,
consistently meeting the stipulated criteria. Furthermore, formula |, Il, and 1lI
preserved L. acidophilus bacteria after being converted into effervescent
granules, as evidenced by viable lactic acid bacteria counts, with formula |
(412.5 x 101 cfu/g), formula Il (422.7 x 101 cfu/g), and formula lll (highest at
522.7 x 101 cfu/g). The formula | emerges as the most favorable effervescent
granules containing L. acidophilus 3%; polyvinylpyrrolidone 3%; citric acid
0.3%; tartaric acid 49.7%; sodium bicarbonate 25% and lactose as filler. Based
on the finding, this probiotic effervescent granules has the potential to be

developed as a daily supplement, especially for flora normal stabilization.

Introduction

Microorganisms play a crucial role in fulfilling human
life needs. The use of probiotics as a therapeutic tool
can be developed, among other things, as an
immunomodulator and antimicrobial agent. The diverse
functions of probiotic bacteria are considered an
alternative solution to various issues related to
bacterial antibiotic resistance, irrational antibiotic use,
and its increasing use in recent decades (1). The
potential of probiotics as an alternative to antibiotics is
because research by Halder (2017) states that
probiotics have the potential to act against various
infectious agents, one of which is Lactobacillus (2).
Lactobacillus can fight pathogens by producing
different antimicrobial components, lowering pH,
competing with pathogens for adhesion and nutrients

in the intestine, and suppressing the growth of
pathogenic bacteria through direct coaggregation with
bacteria (3). Sekendar (2017), states that Lactobacillus
produces bacteriocins, which have strong antibacterial
properties and act bactericidally or bacteriostatically
against various food pathogens (4). Bacteriocin
synthesis may also contribute to the probiotic activity
of intestinal Lactobacillus and, in some cases, may be
directly responsible for beneficially altering the
intestinal microbiota or suppressing some
gastrointestinal pathogenic bacteria (5). Many benefits
of using probiotics come from their ability to combat
pathogenic organisms through various mechanisms,
including their immunomodulatory effects and their
ability to restore the balance of normal gut flora (6).

Probiotics are beneficial live bacteria that promote
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digestive health and protect against pathogenic
bacteria. Typically, probiotics are found in foods and
beverages. Probiotics are live microorganisms that can
provide positive health effects when consumed in
sufficient amounts. Probiotic products available in the
market today use bacteria from the Lactobacillus and
Bifidobacterium species. The development of drinks
and supplements containing probiotics is in accordance
with research by Shabbir (2023), who carried out the
development of Fermented Skim Milk drinks equipped
with Probiotics with a combination of Lactobacillus
casei and Lactobacillus rhamnosus, concluding that
Probiotics can be used in milk fermentation to make
fermented milk drinks and beverages. Yakult can be
used to market innovative beverages to specific
consumer groups, manufacturers and industries, as
well as large-scale retail distribution (7). Researcher
Badgeley (2021) said that in recent years, researchers
have investigated various health benefits associated
with probiotic supplements, which primarily contain
live microorganisms from Bifidobacterium and
Lactobacillus species. The main areas of focus of his
research are the effects of probiotic supplements on
gut microbiota and cancer prevention, as well as on the
efficacy and toxicity of chemotherapy (8). Commonly
used Lactobacillus species include Lactobacillus
acidophilus (L. acidophilus), Lactobacillus johnsonii,
Lactobacillus casei, Lactobacillus rhamnosus,
Lactobacillus gasseri, and Lactobacillus reuteri, while
Bifidobacterium  species include Bifidobacterium
bifidum, Bifidobacterium longum, Bifidobacterium
breve, and Bifidobacterium infantis (9). Both the
Lactobacillus and Bifidobacterium have different roles
in human digestion. L. acidophilus aids in intestinal
lactose digestion, stimulates the immune response
against unwanted microorganisms, and helps control
blood cholesterol levels. L. acidophilus is one of the
lactic acid bacteria that can be utilized as a probiotic
microbe and is currently one of the most widely
developed probiotic strains (9).

Lactic acid bacteria (LAB) have long been used in
the food industry for their ability to convert sugars,
including lactose and other carbohydrates, into lactic
acid (10). L. acidophilus bacteria can impart the
characteristic sour taste to fermented dairy products
such as yogurt and also produce a low pH, which can
inhibit the growth of other microbes and survive in the
stomach alongside thousands of other bacteria (11).
For the fermentation process, the raw material used
(milk) must undergo initial heating (pasteurization),
cooling, adding lactic acid bacteria and an incubation
process. After the incubation process, the process of
storing the fermented yogurt product is by storing it in
the refrigerator (11). The role of lactic acid bacteria in
making yoghurt and similar products is in producing
acids and flavor compounds such as acetaldehyde.
According to Abedi (2020), lactic acid produced by the

metabolism of L. acidophilus can lower the pH thereby
inhibiting the growth and reproduction of pathogenic
bacteria (12).

Given the importance of L. acidophilus bacteria, one
way to utilize them is by granulating the bacteria into
granules. In a study using Lactobacillus casei (13), it
was found that drying at 45°C for 2 hours was the
optimal condition to achieve good viability and quality
of probiotic granules, with a viability result of 7.43
cfu/gram (meeting the requirements). According to the
FAO and WHO, probiotic products should contain at
least 106 - 107 cfu of live bacteria per gram of the
probiotic product (14).

In the study conducted by Gantini (2016), probiotic
products were made into instant granules using the
wet granulation method. In this research, probiotic
products will be formulated into effervescent granules
using the wet granulation method. In addition to the
active ingredient, the formulation of effervescent
granulation also includes several additives, such as
carbonate additives to enhance taste and acid source
additives (15). The acid sources referred to here are
citric acid and tartaric acid. Citric acid and tartaric acid
have their respective properties that, when combined,
will affect the physical properties of the resulting
granules (16). The wet granulation method is a process
of transforming fine powder into granules using a
suitable binder solution. The advantages of the wet
granulation method include achieving good flowability,
improving compressibility, controlling release,
preventing component separation during the process,
ensuring even granule distribution, and increasing
dissolution rate (13).

Based on the above, we formulated effervescent
granules containing L. acidophilus bacteria using the
wet granulation method as a probiotics supplement.
Therefore, physical properties of effervescent granules
were evaluated including the organoleptic, flow rate,
angle of repose, bulk density, tapped density,
compressibility index, water content, dissolution time,
particle size distribution, sedimentation, foam height,
and viability of lactic acid bacteria using the Total Plate
Count (TPC) method.

Methods

Materials

Lactobacillus acidophilus was obtained from Agritama
Sinergi Inovasi (AGAVI) Co., Ltd (Indonesia). Excipients
used were polyvinylpyrrolidone (Anhui Sunhere
Pharmaceutical Excipients Co., Ltd, China), lactose
(DMV-Fonterra Excipients GmbH & Co., KG, Germany),
tartaric acid (Justus Kimiaraya Co., Ltd, Indonesia),
citric acid (Shandong Ensign Industry Co. Ltd, China),
sodium bicarbonate from (AGC Inc. Chemical Co., Ltd,
Japan), De Man Rogosa and Sharpe Broth (Merck KGaA,
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Darmstadt, Germany).

Tools

The tools used in this research include sieves No. 12
and 18, glassware (Pyrex), mortar and stamper,
micropipettes, test tubes, 10 mL centrifuge tubes, tube
racks, stopwatches, analytical scales (Mettler Toledo),
hot plates (IKA®C-MAG HS-4), autoclave (ALL
AMERICAN®), incubator (Memmert®), centrifuge
(DLAB®), oven, granule flow tester, tap density tester
(TDT-3-H), moisture balance (Radwag®), pH meter
(Mettler Toledo), orbital shaker (IKA® KS 4000-i),
microscope, colony counter (Funke Gerber®), vortex
mixer H-VM-300 (HEALTH®).

Morphological Identification of

Lactobacillus Acidophilus Isolate
Confirmation Test for Bacterial Growth

The deMan Rose Sharp Agar (MRSA) media and test
tubes underwent sterilization by autoclaving at 121°C
for 15 min. The working table was sanitized using a
cloth/tissue dampened with 70% alcohol.
Subsequently, 15 mL of sterile MRSA media was
dispensed into each test tube and allowed to solidify
with the tube positioned at an angle between two
Bunsen burners. Once solid, a single dose of pure L.
acidophilus bacteria was streaked onto the solidified
media in a zig-zag pattern. Incubation was carried out
for 24 h at 37°C (17).

Bacterial Gram Staining Test

The bacterial suspension was streaked onto the slide
using a loop and fixed to the bottom of the slide.
Following this, 1-2 drops of methylene blue were
dripped, allowed to stand for 1 min, then cleaned with
distilled water and air-dried. Subsequently, 1-2 drops of
iodine were added, left for 1 min, rinsed with distilled
water, and dried. Once fully dried, 70% alcohol was
applied, left for 30 min, followed by rinsing with
distilled water and drying. After complete drying, 1-2
drops of fuchsin were added, left for 1 min, then rinsed
using distilled water and dried. Observations were
conducted using a microscope at a magnification of
100x.

Preparation of Lactobacillus acidophilus

Effervescent Granules

Sucrose was initially dissolved in 300 mL of distilled
water and subsequently sterilized through autoclaving
at 121°C for 15 min. A 10% v/v of L. acidophilus
bacterial culture suspension (inoculum) was introduced
into 30 mL of sterile MRSB medium within a 100 mL
Erlenmeyer flask. The mixture was incubated at room
temperature with agitation at 125 rpm for a duration of
48 h. To achieve biomass production of L. acidophilus
bacteria, the inoculum was integrated into the
cultivation medium (sucrose medium) and subjected to
incubation for 24 h. This incubation occurred with

continuous agitation at 125 rpm at room temperature.
Harvesting and subsequent separation of the biomass
were achieved through centrifugation at 5000 rpm for
20 min. The obtained mass of L. acidophilus were
subsequently subjected to a drying process within an
oven set at 40°C for a duration of 24 h.

Table 1. Lactobacillus effervescent granule

formulation.
. . F1 ([F2 F3
Material Function (%) |(%) (%)
, , Active
L. acidophilus Substance 3 3 3
Polyvinylpyrrolidone | Binder 3 3 3
Citric Acid Acid 03 |157 |1.15
Component
Tartaric Acid Acid 49.7 |48.42 |48.85
Component
Sodium Bicarbonate Base 25 25 25
Component
. Ad |Ad Ad
Lactose Filler 100 100 100

Determination of the concentration of bacteria used
is in accordance with research by Gantini (2016) which
formulated Lactobacillus casei bacteria which were
made into instant granules. Where the concentration of
bacteria used is 3% (13). When designing the formula
to be used, formula optimization is first carried out to
obtain the optimum formula. In this optimization,
Design Expert Software was used to optimize the
ingredients, citric acid and tartaric acid were chosen as
independent variables by setting citric acid with a
lower limit value of 0.3 and upper limit 2.0, while
tartaric acid had a lower limit value of 0.5 and an upper
limit value of 50. PVP binder is used in the form of an
alcohol solution with a concentration of 3-15%.
Granulation using this material will produce good
granules, dry quickly, and have good compressive
strength (18). So the presentation used is a minimum
PVP presentation of 3%.

The formulation of effervescent granules was
achieved using the wet granulation technique (19).
Initially, the base portion comprising Sodium
Bicarbonate, lactose, and PVP K30 solution was
blended in a mortar until achieving a smooth dough-
like consistency, followed by sieving through a mesh
with a pore size of 12, and subsequently subjected to
drying at 40°C for a duration of 15 minutes, resulting in
Mass 1. Concurrently, the mixture of citric acid, tartaric
acid, lactose, and PVP K30 solution was similarly
combined in a mortar to form a homogenous dough,
sieved through mesh 12, and subjected to drying at
40°C for 15 minutes, yielding Mass 2. Subsequently,
Mass 1, Mass 2, and L. acidophilus bacteria were
combined, sieved through mesh 12, and subjected to a
3-hour drying process, followed by dry sieving through

Sciences of Pharmacy

Page 234


https://etflin.com/sciphar

Pratama, R. et al. (2023)

etflin.com/sciphar

mesh 18. Finally, the granules were evaluated for their
characteristics.

Physical Characterization of Lactobacillus

acidophilus Effervescent Granules
Examinations for the physical characteristics of
effervescent granules containing L. acidophilus
bacteria include organoleptic evaluation, flow rate
examination, angle of repose analysis, compressibility
assessment, loss on drying measurement, dissolving
time evaluation, pH testing, and foam height
examination

Organoleptics

An ample quantity of granules was collected, followed
by a direct observation where parameters such as
shape, color, taste, and aroma were taken into
consideration (18).

Flow Rate

The flow rate test was carried out by inserting 100 g of
granule into the funnel. The bottom cover of the funnel
was opened and the fall time of the granules was
calculated using a stopwatch (20). The flow rate is said
to be good if it has a flow rate of less than 10 g/sec
(21).

Angle of Repose

As much as 50 g of granules was put into the funnel or
into the Granule Flow Tester tool which was stored on a
flat surface. The funnel valve was then opened until all
the granules fall down form the cone. The diameter
and height of the granule cone formed were measured
(22). Requirements for a good angle of repose range
from 250 - 400 (23).

Compressibility

As much as 50 g of granules was put into a
volumenometer measuring cup, then the initial height
of the granules was recorded. The measuring cup was
tapped for 250 beats at a constant speed after which
the granule weight was obtained. It was compressed
and the real specific gravity and incompressed specific
gravity were measured (24). Good compressibility
value is less than 20% (25).

Loss on Drying

As much as 2 g of dry granules was weighed and put
into the moisture balance tool. After 5 minutes, the
water content was measured (26). The water content
requirements for effervescent granules range from
0.4% - 0.7% (27).

Dissolving Time, Foam Height, and pH

Ten grams of granules were placed into a beaker glass
and dissolved with 250 mL of water. The dissolution
process was observed using a stopwatch, and the
results obtained were recorded. The time taken for the
granules to completely dissolve was determined (28).

The test was conducted to assess the dispersion time
of the granules in water. The prepared granules met
the criteria for a good granule, with a dissolution time
ranging between 1-2 minutes, as per the effervescent
granule dissolving time requirement (20). During the
granule dispersion process, foam height was measured
to assess the granules' dispersion capability (28). pH of
the solution was then measured.

Viability Test

A total of 68.2 grams of MRSA media was dissolved in
1000 milliliters of distilled water and heated until
homogeneous. The media was then sterilized in an
autoclave at 121 degrees Celsius for 15 minutes to
ensure complete sterilization. Subsequently, a total of
15 milliliters of sterile MRSA media was dispensed into
a petri dish and allowed to solidify. Once solidified,
effervescent granules were sprinkled onto the surface
of the MRSA media and evenly spread. The prepared
petri dish was then incubated for 24 hours with the lid
inverted to prevent condensation. Following the
incubation period, the colonies that grew on the media
were manually counted using a colony counter, and the
total plate count was calculated based on these
observations.

Result
Morphological Identification of

Lactobacillus acidophilus Isolate

The confirmation test for bacterial growth was
conducted using MRSA selective media, with the goal
of enhancing bacterial proliferation at 37°C during a
24-hour incubation period. The growth of L. acidophilus
isolates was conspicuously manifested through the
development of turbidity on the agar's surface,
indicating robust growth. The outcomes of macroscopic
observations of LAB are depicted in Figure 1,
illustrating the distinct characteristics observed.
Additionally, the results of microscopic observations
with Gram staining can be seen in Figure 1, providing a
detailed view of the bacterial morphology and
arrangement.

Figure 1. Morphological identification of L. acidophilus
isolate. (A) L. acidophilus bacteria (a) and MRSA media
(b), (B) Gram staining in 100x magnification, and (C)
Effervescent granules of L. acidophilus.
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Figure 2. Flow rate of Lactobacillus acidophilus
effervescent granules.
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Figure 3. Angle of repose of Lactobacillus acidophilus
effervescent granules.
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Figure 4. Compressibility of Lactobacillus acidophilus
effervescent granules.
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Figure 5. Lost on drying of Lactobacillus acidophilus
effervescent granules.
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Organoleptic Test

The result of organoleptic assessment, the
manufactured effervescent granule formulations
underwent evaluations concerning their shape, color,
and aroma. Organoleptically, all three formulas yielded
a white appearance, presented a slightly sour taste,
and exhibited a relatively mild scent. The inclusion of
the active ingredient L. acidophilus bacteria in the
formula did not noticeably influence the color, resulting
in the observed white coloration as depicted in Figure
1.

Flow Rate of Effervescent Granules

The granules flow rate test aims to determine the
quality of the effervescent granules because, in the
tablet printing process, the flow rate of the
powder/granules is greatly affected by the flow rate
test (29). The flow rate is said to be good if it has a flow
rate of not less than 10 g/sec (21). The results of the
flow rate test showed that formula 1 had a better
granule flow rate than formulas 2 and 3 (see Figure 2).

Angel of Repose

The angle of repose test is intended to determine the
flow properties of granules. The angle of repose can be
determined by pouring the granule into the funnel.
Then, a repose angle will be formed. The angle of
repose requirement for granules ranges from 250- 400
(23). The results of the angle of repose test show that
formula 1 has a better granule angle of repose or equal
to 400 so that formula 1 is closer to the requirements
than formulas 2 and 3 (see Figure 3).

Compressibility Test

The compressibility test is intended to describe the
stable and compact nature of the powder when
pressed in the tablet molding process. The better the
ability of the granules to flow, the lower the
compressibility value. The compressibility test
requirement for granules of not less than 20% (21).
The compressibility test results show that all formulas
meet the requirements. Formula 3 has a smaller
compressibility value compared to formulas 1 and 2
(see Figure 4).

Loss on Drying

When testing the water content, which was carried out
by weighing several granules and putting them into the
moisture balance, the result of formula | was 0.62%,
formula Il was 1.54%, and formula lll was 1.26% (see
Figure 5). From the three results of the water content
of formulations Il and 1ll, it was said that they did not
meet the requirements because the water content
requirements for effervescent granules, according to
Fausett (2000), ranged from 0.4% - 0.7% (27). This is
due to the formulation's concentration of acids and
bases, and the room temperature where the
preparation is made has high enough humidity.
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Figure 6. Dissolving time of Lactobacillus acidophilus
effervescent granules.
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Figure 7. pH of Lactobacillus acidophilus effervescent
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Figure 8. Foam height of Lactobacillus acidophilus
effervescent granules.
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Figure 9. Viability of Lactobacillus acidophilus in
effervescent granules.
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Dissolving Time

Testing the dissolving time of effervescent granules,
the tool used is a stopwatch. The dissolving time test is
characterized by the granules completely dissolving in
water until an acid and base reaction is formed which
can produce carbon dioxide gas (CO2). Between 1-2
min is the effervescent granule dissolving time.
effervescent granules dissolve well (dispersed) within
= 5 min can be categorized as meeting the dissolution
time requirements (20). From the results of the
dissolving time test, formula 1 has faster dissolving
time test results than formulas 2 and 3 (see Figure 6).

pH Test

The acidity level was measured using a pH meter in an
effervescent solution that had been dissolved as much
as 1 gin 9 mL. The test was carried out 2 times for
each formulation. The results showed that all formulas
met the requirements because the pH test value was
<5 (see Figure 7).

Foam Height

Measured based on the height of the foam produced by
a sample of 1 g of sample for each formulation that has
been dissolved, it can be seen that the highest foam
was produced by formula | (see Figure 8).

In Vitro Viability

Testing the viability of probiotic granules is a test that
needs to be considered so that the probiotic bacteria
contained in the granules can provide a therapeutic
effect.

The Lactic Acid Bacteria viability test of probiotic
products used the spread method. The spread method
is a technique for growing microorganisms in agar
media by spreading the preparations on agar media
that have solidified (30). World Health Organization
(WHO) requirements Lactic Acid Bacteria Viability are
107 cfu/g (14). The viability of the lactic acid bacteria
for all formulas can be seen in Figure 9.

Discussion

In addition to the MRSA selective media confirmation
test for bacterial growth (depicted in Figure 1),
morphological identification was performed through
Gram staining of bacteria obtained from pure L.
acidophilus isolates. The purpose of Gram staining is to
microscopically visualize colony morphology and
distinguish between Gram-negative and Gram-positive
bacteria. Bacteria that retain a purple hue after alcohol
dissolution, following Methylene Blue absorption, are
termed Gram-positive Bacteria. Conversely, bacteria
that lose their purple color when washed with alcohol
subsequently absorb Fuchsin dye, resulting in a pink
hue; these are referred to as Gram-negative Bacteria.
The response to staining is also influenced by the cell
wall structure. Gram-positive bacteria, primarily
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featuring peptidoglycan in their cell walls, retain the
violet color (31).

As indicated by the results of Gram staining, the
bacteria exhibit a rod-like shape and belong to the
Gram-positive category. This observation aligns with
the findings of Putri (2018), who noted that Lactic Acid
Bacteria generally assume the form of Gram-positive
rods and are generally non-spore-forming members of
the LAB group (31). Abedi and Hashemi (2020) also
affirmed that Lactic Acid Bacteria are Gram-positive,
non-spore-forming microorganisms capable of thriving
in oxygen-rich environments and producing lactic acid
through carbohydrate fermentation (e.g., glucose,
lactose) (12).

In the lactic acid fermentation process, this process
begins with the change of one glucose molecule into 2
pyruvic acid molecules. This process is a stage of
glycolysis so that 2 ATP molecules are produced. After
the glycolysis process does not proceed to the
oxidative decarboxylation stage unless 2 pyruvic acids
are converted into 2 molecules of lactic acid.

During the organoleptic assessment, the
manufactured effervescent granule formulations
underwent evaluations concerning their shape, color,
and aroma. Organoleptically, all three formulas yielded
a white appearance, presented a slightly sour taste,
and exhibited a relatively mild scent. The inclusion of
the active ingredient L. acidophilus bacteria in the
formula did not noticeably influence the color, resulting
in the observed white coloration as depicted in Figure
1.

The outcomes of the effervescent granules' flow
rate evaluation are presented in Figure 2, revealing
distinct flow rates for Formulas I, I, and lll. The table's
data indicate the influence of varying concentrations of
acidic ingredients on the flow rate of the effervescent
granules. Specifically, Formula | exhibited a more
favorable flow rate compared to Formulas Il and Ill. As
per the available literature, tartaric acid boasts a
higher density, implying that granules containing
greater tartaric acid concentrations exhibit increased
density. Consequently, higher density corresponds to
larger molecular weight, thus leading to enhanced ease
of flow due to heightened gravitational forces (32).

Zuraidah's research (2018) aligns with these
findings, demonstrating that increased tartaric acid
concentration corresponds to an improved flow rate
(33). Furthermore, in line with Hermanto's findings
(2019), variations in granule shape and size also
contribute to the attainment of a desirable flow rate
(34). Additionally, Syahrina's work (2021) emphasizes
the role of the binder in influencing flow rate. Notably,
the present study employs PVP K30 as the binder, akin
to Syahrina's study (2021). Syahrina's research

findings highlight that PVP K30 can diminish cohesion
forces, thereby augmenting particle size and leading to
favorable flow rates (21).

Figure 3 illustrates the outcomes of the angle of
repose measurements, all of which are equal to or
exceed 40 degrees. These angle of repose data
collectively indicate deficient flow properties across
Formulas |, Il, and Ill. Drawing insights from both Figure
2 dan Figure 3, the flow rate and angle of repose
results in Formula | are notably smaller when
compared to Formulas Il and Ill. This correspondence is
consistent with the findings of Zuraidah (2018), who
emphasized the impact of citric acid and tartaric acid
concentrations on variations in angle of repose across
the three formulas (33).

Within Formula I, a smaller angle of repose is
observed compared to Formulas Il and Ill, an effect
attributed to the substantial molecular weight of
tartaric acid and its consequent influence on particle
size. The presence of larger particles reduces particle
cohesiveness, leading to a swifter flow rate and
subsequently yielding a smaller angle of repose (33).
Correspondingly, Salmatuzzahro's study (2022)
indicated that the angle of repose is subject to the
influences of granule shape, size, and moisture
content. Variations in granule shape might stem from
divergent emphases during the granulation process,
potentially resulting in distinct angle of repose
measurements (35).

In accordance with the study, the results of the
compressibility test indicated that Formula | exhibited
a value of 11.45%, Formula Il measured 14.03%, and
Formula Il recorded 7.27%. The data presented in
Figure 4 demonstrate that all attained values conform
to the prescribed criteria for satisfactory
compressibility, as denoted by values falling below
20% (25). Notably, the highest compressibility value is
observed in Formula Il. This outcome is attributed to
the influence of moisture content within the powder;
granules possessing elevated water content, when
subjected to pressure or vibration, tend to undergo
substantial volume reduction, consequently leading to
heightened compressibility. Moreover, the
configuration and dimensions of granule particles
significantly impact compressibility values. Optimal
compressibility values are associated with granules
that feature uniform shapes and sizes, facilitating a
smoother tablet compression process (34).

The assessment outcomes, as presented in Figure
5, demonstrate that Formula | aligns with the specified
requirements. This alignment can be attributed to the
hygroscopic nature of citric acid, enabling it to readily
absorb atmospheric moisture. This observation
resonates with the findings of Romantika (2017), who
reported that augmenting citric acid content leads to
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increased water content in effervescent baby java
oranges (36). This trend is further supported by
Widyaningrum's research (2015), which highlighted
that citric acid addition in pandan leaf effervescent
granules correlates with heightened water content
(37). Moreover, according to Audrey (2022) quoted in
Lieberman et al. (1994) emphasized that citric acid
exhibits marked hygroscopic characteristics, rendering
effervescent granules with higher citric acid content
exceptionally prone to water absorption during the
manufacturing process, consequently resulting in
elevated water content (38).

Figure 6 displays that the dissolving time for
Formula | is notably swifter when contrasted with
Formula Il and Formula Ill. This divergence underscores
the influence of distinct citric acid and tartaric acid
concentrations on the solubility testing of effervescent
granules. This aligns with the findings of Zuraidah's
study (2018), indicating that the pronounced
hygroscopic nature of higher-concentration tartaric
acid fosters enhanced water absorption and,
consequently, quicker reactivity in effervescent
granules (33). Correspondingly, Salmatuzzahro's
research (2022) expounded on the faster dissolution
time of the citric acid formula characterized by the
lowest concentration (35). Consistently, the current
study's findings parallel these trends. Formula | boasts
the lowest citric acid concentration coupled with the
highest tartaric acid concentration, leading to the most
rapid dissolution time compared to Formula Il and
Formula Ill. The rapid carbonation reaction between
sodium bicarbonate, tartaric acid, and citric acid is
facilitated by the hygroscopic nature of both citric and
tartaric acids. Notably, Figure 6 illustrates that all three
formulations exhibit dissolution times < 5 min or within
the range of 1 to 2 min. Thus, all three formulas satisfy
the requirements of the solubility test.

In Figure 7, the pH value of Formula | exceeds that
of Formula Il and Formula Ill. This divergence stems
from the variations in citric acid and tartaric acid
concentrations, particularly the elevated tartaric acid
concentration in Formula I, which significantly impacts
the pH value. Kusnadhi's study (2003) highlighted that
the emergence of carbon dioxide (CO2) during the
interaction of two effervescent components in water,
leading to the partial formation of carbonic acid, results
in a reduction of H+ ions within the solution. This
reduction contributes to increased solution alkalinity
and consequently elevates the pH value (39).
Furthermore, the properties of L. acidophilus bacteria
exert an influence on the preparation's pH. Given that
the optimal growth pH for L. acidophilus bacteria is <
5, the presence of these bacteria in the effervescent
granule formulation maintains the solution's acidity
even after granulation. Based on the outcomes for the
three formulas, all are classified as compliant with the
pH test requisites, as their pH values are < 5.

The mean froth height measurement extracted from
L. acidophilus bacteria effervescent granules (Figure 8)
ranged from 2 to 3 cm. Formula | exhibited a froth
height of 3.1 ¢cm, Formula Il recorded 2.55 c¢m, and
Formula Il showed 2.25 cm. The optimal froth height
outcome aligns with the effervescent market standard,
indicating a minimal deviation of approximately 3 cm.
As articulated by Bryant (1970), foam comprises
numerous min bubbles originating from liquid and
arising due to either chemical reactions (acidulant and
carbonate) or mechanical manipulation (stirring). As
these bubbles swiftly accumulate and expand on the
liquid's surface, foam emerges. The substantial froth
formation observed in this study can be attributed to
the nature of tartaric acid. In comparison to other
acids, tartaric acid exhibited the most robust outcomes
in terms of carbon dioxide generation, albeit with a
longer disintegration period.

In Gantini's investigation (2016), the optimal
conditions involving a temperature of 45°C and a
drying duration of 2 h yielded a Lactic Acid Bacteria
viability of 7.43 cfu/g in instant probiotic granules. In
this current study, the temperature applied was 40°C
for a duration of 3 h (13). As demonstrated in Figure 9,
the average Lactic Acid Bacteria viability for
effervescent granules was 412.5 x 101 cfu/g in Formula
I, 422.7 x 101 cfu/g in Formula Il, and 544.7 x 101 cfu/g
in Formula lll. These findings signify the continued
viability of L. acidophilus bacteria within the
effervescent granule preparations. However, all
formulated formulas fell short of meeting the WHO
criteria for Lactic Acid Bacteria viability in probiotic
products. This discrepancy could potentially be
attributed to the drying duration, indicating an
influence on Lactic Acid Bacteria viability. Gantini's
research (2016) underscores that prolonged granule
drying periods correlate with reduced bacterial
viability. This underscores the critical role of drying
time in determining the survival or demise of bacteria
(13).

Conclusion

Based on the undertaken research focusing on the
formulation and evaluation of L. acidophilus bacteria
effervescent granules, the conclusion drawn is that
among the three formulations, Formula | emerges as
the most favorable (L. acidophilus 3%;
Polyvinylpyrrolidone 3%, Citric Acid 0.3 %, Tartaric Acid
49.7%; Sodium Bicarbonate 25% and Lactose Ad).
Formula | demonstrates the closest alignment with the
physical requisites stipulated for effervescent granule
preparations, as corroborated by the outcomes of the
comprehensive tests, including the organoleptic
assessment. Specifically, the granules are in the
appropriate shape, white in color, and devoid of odor.
The flow rate test yielded a value of 1.497 g/sec, the
angle of repose was measured at 40.75°, the
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compressibility test resulted in 11.45%, loss on drying
test showed 0.62%, and foam height measured 3.075
cm.

All three formulations, i.e., Formulas |, Il, and IlI,
effectively incorporate L. acidophilus bacteria after
being converted into effervescent granules, as
substantiated by the viability of Lactic Acid Bacteria.
Specifically, Formula | exhibited a Lactic Acid Bacteria
viability of 412.5 x 101 cfu/g, Formula Il registered
422.7 x 101 cfu/g, and Formula Illl recorded 544.7 x
101 cfu/g, as evidenced by the results of the Lactic
Acid Bacteria viability test.
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