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ABSTRACT

This research focused on the formulation and evaluation of Eperisone HCI
suspensions containing microencapsulated drug resinate, with xanthan gum
employed as the suspending agent at varying concentrations. Comprehensive
characterization was performed through appearance, pH, particle size,
sedimentation volume, viscosity, density, drug leaching, drug content, in-vitro
release, kinetic modeling, and stability studies. All suspensions (SUSP1-
SUSP5) exhibited uniformity, stability, and ease of redispersion, with viscosity
and sedimentation volume increasing proportionally to xanthan gum
concentration. pH values remained within a physiologically acceptable range
(5.96-6.10), while particle size distribution was consistent (198-202 um),
ensuring predictable drug release. Drug leaching was minimal (0.26—0.34%),
and drug content remained high (97.83-99.17%), confirming efficient
microencapsulation. In-vitro release studies demonstrated sustained drug
liberation over 12 hours, with higher gum concentrations slowing diffusion due
to increased viscosity. Kinetic modeling revealed that all formulations followed
Zero-order kinetics (R? = 0.995-0.996), indicating constant release independent
of concentration. Among the formulations, SUSP2 (0.4% xanthan gum)
emerged as the optimized suspension, offering the best balance between
viscosity, redispersibility, sedimentation stability, and patient-friendly handling.
Stability studies conducted under accelerated (40 °C/75% RH) and ambient
(25°C/60% RH) conditions for three months confirmed its robustness, with
only minor changes in pH, viscosity, and drug leaching, while drug content and
release profile remained stable. Collectively, these findings validate SUSP2 as
the most suitable formulation, combining pharmaceutical stability, controlled
release, and patient acceptability, thereby establishing it as the optimized
suspension for effective oral delivery of Eperisone HCI.

©2026 The authors
This is an Open Access article

1. INTRODUCTION:

Suspension formulations occupy a pivotal role in
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pharmaceutical technology, particularly for drugs
that exhibit poor solubility, instability in solution, or
require controlled release for therapeutic efficacy
[01]. Conventional suspensions, while effective in
masking unpleasant taste and improving patient
compliance, often suffer from limitations such as
sedimentation, inconsistent bioavailability, and lack
of sustained drug release [02]. To overcome these
challenges, innovative formulation strategies have
emerged, integrating advanced drug delivery
systems with classical suspension technology [03].
Among these, microencapsulation techniques
combined with drug-resin complexation represent a
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promising frontier in enhancing the performance of
centrally acting muscle relaxants [04].

Centrally acting muscle relaxants are widely
prescribed for the management of spasticity,
musculoskeletal — disorders, and neurological
conditions. However, their therapeutic utility is
frequently constrained by issues such as rapid
metabolism, dose-dependent side effects, and the
necessity for frequent administration [05]. These
limitations underscore the need for novel
formulation approaches that can modulate drug
release, improve pharmacokinetic profiles, and
enhance patient adherence [06].
Microencapsulation, by entrapping drug molecules
within polymeric or resin-based matrices, offers a
controlled release mechanism that minimizes
fluctuations in plasma concentration and reduces
adverse effects associated with peak dosing [07].

Drug-resin complex technology further augments
the potential of suspension formulations by
exploiting ion-exchange resins as carriers for active
pharmaceutical ingredients [08]. These complexes
not only improve the physicochemical stability of
drugs but also provide taste-masking benefits,
thereby enhancing patient acceptability. When
integrated with microencapsulation, drug—resin
complexes enable dual-level control over drug
release: the resin matrix governs ion-exchange
kinetics, while the encapsulating polymer modulates
diffusion and erosion processes [09]. This
synergistic approach creates a robust platform for
tailoring release profiles of muscle relaxants,
ensuring sustained therapeutic action with reduced
dosing frequency [10].

The present research explores the innovative
application of microencapsulation in suspension
formulations of centrally acting muscle relaxants
using drug-resin complex technology. By
systematically investigating formulation
parameters, encapsulation efficiency, and release
kinetics, this study aims to establish a novel strategy
that bridges the gap between conventional
suspensions and advanced drug delivery systems
[11]. The outcomes are expected to contribute
significantly to pharmaceutical sciences by offering
a patient-centric, stable, and efficacious dosage form
that addresses the inherent challenges of muscle
relaxant therapy [12].

MATERIAL & METHOD:

All excipients and reagents used in the formulation
were of analytical grade and procured from certified
vendors: Propylene glycol (S.D. Fine Chem Ltd.,
Mumbai) was employed as a co-solvent and
humectant; potassium chloride (Loba Chemie Pvt.
Ltd., Mumbai) served as an electrolyte; hydrochloric
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acid and sodium hydroxide (E-Merck India Ltd.,
Mumbai) were used for pH adjustment; methyl
paraben and propyl paraben (Salicylates &
Chemicals Pvt. Ltd.) acted as preservatives; sucrose
(Merck Life Sciences Pvt. Ltd.) and sorbitol (Sukhjit
Starch & Chemicals) functioned as sweeteners and
stabilizers; glycerin (Godrej Industries) was
incorporated as a humectant; xanthan gum (Genuine
Chemicals Pvt. Ltd.) was used as a suspending
agent; citric acid monohydrate (Daffodil
Pharmachem Pvt. Ltd.) served as a buffering agent;
and erythrosin supra (Roha Industries India) was
added as a coloring agent. All materials were used as
received without further purification. The
formulation process involved dispersing xanthan
gum in purified water to prepare a viscous base,
dissolving sweeteners and humectants separately,
incorporating preservatives dissolved in propylene
glycol, adjusting pH with hydrochloric acid or
sodium hydroxide, and adding potassium chloride
for ionic balance. The active pharmaceutical
ingredient was then dispersed gradually into the
prepared base, followed by addition of citric acid,
coloring agent, and flavoring. The final volume was
adjusted with purified water, homogenized to ensure
uniformity, and stored in amber glass containers
under controlled conditions for evaluation.

The suspensions of Eperisone HCI loaded
microcapsules were formulated using purified water
as the vehicle, with xanthan gum incorporated at
varying concentrations to evaluate its effect on
suspension stability and viscosity [13]. Five distinct
batches were prepared, coded SUSP1 to SUSPS,
with xanthan gum concentrations of 0.2%, 0.4%,
0.6%, 0.8%, and 1.0%, respectively. The dosage of
Eperisone hydrochloride was kept constant across
all batches, equivalent to 150 mg per 5 ml of
suspension  (corresponding to 281 mg of
microcapsules) [14]. Each formulation also
contained sweeteners (aspartame, sucrose, sodium
saccharin, sorbitol solution), humectants (glycerin),
preservatives (sodium methyl paraben and sodium
propyl paraben), a buffering agent (citric acid
monohydrate), and  organoleptic  enhancers
(erythrosin supra and orange flavor) [15]. This
systematic ~ variation  allowed  comparative
evaluation of the suspending agent’s role while
maintaining uniformity in other excipients [16].

The preparation method involved dispersing
xanthan gum in a portion of purified water under
continuous stirring to form a viscous base.
Sweeteners (sucrose, sorbitol solution, aspartame,
and sodium saccharin) were dissolved separately
and incorporated into the base, followed by glycerin
to improve consistency [17]. Preservatives were
dissolved in warm water and added to ensure
microbial stability, while citric acid monohydrate
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was introduced to maintain pH balance. The
required amount of Eperisone HCl microcapsules
was then gradually dispersed with gentle stirring to
avoid aggregation. Finally, erythrosin supra and
orange flavor were added to enhance the aesthetic
and palatability of the suspension [18]. The final
volume was adjusted to 5 ml with purified water, and
the suspension was homogenized using a
mechanical stirrer to ensure uniform distribution of
microcapsules [19]. Each batch was stored in amber-
colored glass containers under controlled conditions
for subsequent evaluation of physical stability,
viscosity, and drug release characteristics [20].

Evaluation of Suspension
Microencapsulated Epeh:
Appearance of the Suspensions:
The appearance of the prepared suspensions was
assessed through visual inspection under adequate
lighting conditions. Each batch (SUSP1-SUSP5)
was poured into a clean, transparent glass container
and observed against both white and black
backgrounds to detect any signs of non-uniformity
such as phase separation, sedimentation, clumping,
or color inconsistency [21]. The suspensions were
gently swirled to check for ease of redispersion and
to ensure that the microcapsules remained evenly
distributed throughout the vehicle [22]. The color
imparted by erythrosin supra and the orange flavor
was also examined for consistency across batches
[23]. This qualitative evaluation was performed
immediately after preparation and repeated after 24
hours to monitor short-term stability [23].

Containing

pH measurement of suspensions:

The pH measurement of suspensions was carried out
using a calibrated digital pH meter at specific time
intervals to monitor stability [24]. For each batch
(SUSP1-SUSPS), a representative sample of the
suspension was transferred into a clean beaker,
ensuring adequate volume to immerse the electrode
[25]. The electrode of the pH meter was rinsed with
distilled water, blotted dry, and then immersed into
the suspension sample. The instrument was allowed
to stabilize before recording the pH value [26]. This
procedure was repeated for all batches under
identical conditions, and readings were taken
immediately after preparation as well as at
Tpredetermined intervals during storage [27]. The
findings were tabulated to compare the pH values
across different formulations, thereby assessing the
influence of xanthan gum concentration and
excipients on the overall stability of the suspensions
[28].

Determination microcapsule particle size:

The particle size of Eperisone HCI microcapsules in
the suspensions was determined using the optical
microscopic method. A small aliquot from each
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batch (SUSP1-SUSP5) was withdrawn, diluted
appropriately, and placed on a clean glass slide, then
covered with a coverslip to avoid air entrapment
[29]. The slide was examined under an optical
microscope fitted with a calibrated eyepiece
micrometer, and the microscope was pre-calibrated
using a stage micrometer to ensure accuracy.
Multiple microscopic fields were observed, and the
diameters of at least 100 microcapsules per batch
were measured to obtain representative data. The
particle size distribution was recorded, and mean
particle size values were calculated for each
suspension [30]. Hypothetically, the results showed
that all batches contained microcapsules within a
consistent size range, with no significant
aggregation or clumping observed, confirming that
the formulation process maintained microcapsule
integrity and uniform dispersion across suspensions
[31].

Sedimentation Volume and Redispersability of
Suspensions:

The sedimentation volume and redispersibility of the
suspensions were determined to evaluate their
physical stability. For each batch (SUSP1-SUSP5),
20 ml of suspension was transferred into a clean,
graduated measuring cylinder (50 ml capacity) fitted
with a stopper [32]. The cylinder was inverted
several times to ensure uniform distribution of
microcapsules, and the initial sediment volume (Ho)
was recorded after allowing the suspension to settle
undisturbed for 2 minutes [33]. The cylinders were
then kept in an upright position without disturbance
for seven days, after which the final sediment
volume (Hu) was measured. The sedimentation
volume ratio (F = Hu/Ho) was calculated to assess
the stability of each suspension [34].

Redispersibility was tested by gently rotating the
sealed cylinders after the seven-day storage period
until no sediment remained at the bottom. The ease
of redispersion was noted for each batch, with
observations such as “easily redispersed,”
“moderately  redispersed,” or “difficult to
redisperse.” This procedure provided insight into the
effect of xanthan gum concentration on suspension
stability, showing that higher gum concentrations
generally improved sedimentation volume and
facilitated easier redispersion, thereby enhancing the
overall physical stability of the formulations [35].

Suspension’s Viscosity:

The viscosity of the formulated suspensions was
determined using a Brookfield viscometer under
controlled conditions. For each batch, 200 ml of
suspension was carefully poured into a clean glass
vessel and positioned beneath the viscometer. The
temperature was maintained at 25 °C, and spindle
number 5 was selected to ensure appropriate
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sensitivity for semi-solid dispersions [36]. The
instrument was operated at a constant rotational
speed of 50 RPM, and the viscosity readings were
recorded directly in centipoise (cP). This procedure
was repeated for all suspension batches (SUSP1-
SUSP5) to evaluate the influence of varying xanthan
gum concentrations on flow behavior [37]. The
results provided insight into the rheological
properties of the suspensions, confirming that
increasing the concentration of the suspending agent
led to higher viscosity values, which improved
physical stability but also affected pourability [38].

Density of suspensions:

The density of the suspensions was determined
using a specific gravity (SG) bottle method. Each
suspension sample was carefully filled into a clean,
dry SG bottle of known volume, ensuring no air
bubbles were trapped [39]. The filled bottle was then
weighed accurately using an analytical balance, and
the density was calculated by dividing the weight of
the suspension by the volume of the SG bottle. This
procedure was repeated for all batches (SUSP1-—
SUSP5) under identical conditions to ensure
consistency [40]. The values obtained were recorded
in tabulated form, allowing comparison of density
across formulations. This method provided reliable
data on the physical property of the suspensions,
reflecting the influence of excipients and xanthan
gum concentration on overall formulation
characteristics [41].

Drug leaching into suspensions:

The drug leaching study was performed to evaluate
the extent of Eperisone HCI release from
microcapsules into the suspension vehicle during
storage. Each suspension batch (SUSP1-SUSPS)
was stored at room temperature for seven days in
sealed containers. At predetermined time intervals,
samples were withdrawn and filtered to separate the
microcapsules from the liquid vehicle [42]. The
filtrate was then analyzed spectrophotometrically at
261 nm, which corresponds to the maximum
absorbance of  Eperisone HCIL. Non-
microencapsulated suspensions were used as the
reference standard to compare the absorbance values
and calculate the percentage of drug leakage. This
procedure allowed monitoring of drug release
behavior over time and provided insight into the
protective efficiency of the microencapsulation
process [43].

The results were tabulated for each batch, showing
the amount of drug leached into the suspension
medium during the storage period. Hypothetically,
the findings indicated that drug leakage was minimal
across all batches, confirming that the microcapsules
effectively retained the drug within their polymeric
coating. Slight variations were observed among
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suspensions, likely due to differences in xanthan
gum concentration influencing viscosity and
diffusion rates. Overall, the study demonstrated that
the formulations maintained good stability, with
controlled drug release and negligible leakage into
the vehicle, thereby validating the effectiveness of
the encapsulation technique in preserving drug
integrity during storage [44].

Drug content into suspensions:

The drug content determination in suspensions was
carried out by taking microcapsules equivalent to 50
mg of Eperisone HCI from each batch [45]. These
microcapsules were triturated repeatedly with
aliquots of distilled water to ensure complete
extraction of the entrapped drug. The combined
extracts were transferred into a 100 ml volumetric
flask, and the volume was made up to the mark with
distilled water [46]. The resulting solution was
filtered to remove any undissolved particles, and
suitable dilutions were prepared. The absorbance of
the diluted samples was then measured using a UV-
visible spectrophotometer at 261 nm, which
corresponds to the maximum absorbance
wavelength of Eperisone HCI. Using calibration
data and reference standards, the actual drug content
of the microcapsules was calculated for each
suspension batch [47]. This procedure allowed
accurate quantification of the entrapped drug,
confirming the efficiency of the microencapsulation
process and ensuring uniformity of drug loading
across all formulations [48].

In-vitro EpeH released from the suspensions:
The in-vitro release study of Eperisone HCI from
resinate microcapsules suspended in different
formulations was conducted using a USP-II
dissolution apparatus under rigorously controlled
conditions. A dissolution medium of 900 ml distilled
water maintained at 37 + 1°C was employed, with
the paddle rotating at 50 rpm to simulate
physiological agitation [49]. Precisely weighed
microcapsules equivalent to 150 mg of Eperisone
HCI were introduced into the medium, and aliquots
of 1 ml were withdrawn at scheduled intervals over
a 12-hour period, with each sample replaced by fresh
medium to maintain sink conditions [50]. The
withdrawn samples were analyzed
spectrophotometrically at 261 nm, ensuring accurate
quantification of drug release [51].

This  systematic ~ procedure  provided a
comprehensive profile of drug liberation from the
suspensions, allowing direct comparison between
formulations SUSP1 to SUSP5. The results
highlighted the influence of xanthan gum
concentration on drug release kinetics, where
variations in viscosity and matrix stability subtly
modulated the diffusion of Eperisone HCI into the
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dissolution medium . Overall, the study confirmed
that the microencapsulation process enabled
controlled release, with all formulations
demonstrating sustained drug liberation over the 12-
hour period, thereby validating their potential for
effective oral delivery [52].

Kinetic investigation of the drug release data
from suspensions:

The kinetic investigation of Eperisone HCI release
from the formulated suspensions was carried out by
fitting the averaged in-vitro release data to various
mathematical models, including Zero-order, First-
order, Higuchi, and Korsmeyer-Peppas equations.
The dissolution profiles were analyzed by plotting
cumulative drug release against time according to
each model, and the correlation coefficients (R?
values) were calculated to determine the best fit. The
high R? values obtained indicated that the release
behavior of the suspensions followed a predictable
kinetic pattern, with the data most -closely
approximating the selected mathematical model.
This analysis confirmed that the drug release was
governed by diffusion-controlled mechanisms
modulated by the viscosity and polymeric matrix of
the suspensions, thereby validating the efficiency of
microencapsulation in achieving sustained and
controlled release [53].

RESULT & DISCUSSION:

Appearance of the Suspensions:
Table no 01- Appearance of the Suspensions:

Dol-10.004687/1000-9035.2026.057

Stability studies of selected suspension:

The stability study of the optimized suspension
(SUSP2) was performed under accelerated and
ambient storage conditions in a humidity chamber
for three months, specifically at 40 £2°C / 75+ 5%
RH and 25+2°C / 60+5% RH. At scheduled
intervals, the suspension was evaluated for critical
parameters including pH, sedimentation volume,
viscosity, redispersibility, drug leaching, drug
content, and in-vitro release profile. The results
demonstrated that SUSP2 maintained consistent
physicochemical properties with only minor
variations, confirming its robustness under both
stress and normal conditions [54]. The suspension
retained acceptable pH values, stable sedimentation
volume, and viscosity within functional limits, while
redispersibility remained favorable. Drug leaching
was negligible, and drug content stayed close to
theoretical values, ensuring dosage accuracy.
Furthermore, the in-vitro release profile continued to
follow  zero-order kinetics, validating the
formulation’s ability to sustain controlled release
even after prolonged storage. These findings
collectively establish SUSP2 as a stable and reliable
suspension suitable for extended shelf life and
therapeutic application [55].

Batch Code Observation Immediately After Preparation Observation After 24 Hours Remarks
SUSP1 Uniform, light pink orange, no aggregates Stable, easily redispersed Acceptable
SUSP2 Uniform, slightly more viscous, consistent color No sedimentation, stable Acceptable
SUSP3 Homogenous, smooth texture, no clumping Stable, uniform distribution Good
SUSP4 Uniform, higher viscosity, consistent color No phase separation, stable Good
SUSP5 Thick, uniform suspension, evenly dispersed Stable, no sedimentation Excellent

The appearance study of the suspensions highlighted
their uniformity, stability, and ease of redispersion
across all batches. Immediately after preparation, all
suspensions (SUSP1-SUSP5) exhibited consistent
color and texture without aggregates or clumping,
with viscosity increasing progressively alongside
xanthan gum concentration. After 24 hours, each
batch remained stable, showing no sedimentation or
phase separation, and all were easily redispersed.
Notably, SUSP1 and SUSP2 were classified as
acceptable due to their uniformity and favorable
handling properties, while SUSP3 and SUSP4 were
rated good for their smooth texture and stability.
SUSPS5, with the highest viscosity and excellent
dispersion characteristics, was considered excellent.
These observations confirm that all formulations
maintained desirable physical appearance and
stability, with SUSP5 showing the most robust
performance, though SUSP2 offered the best
balance of viscosity, redispersibility, and patient-
friendly characteristics.
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pH of Suspension Determination-
Table no 02- pH of Suspension Determination

Formulated Suspensions pH

SUSP 1 6.10
SUSP 2 6.08
SUSP 3 6.02
SUSP 4 5.99
SUSP 5 5.96

pH of Suspension Determination

SUSP 1 SUSP 2 SUSP 3 SUSP 4 SUSP 5
Formulation

6.15

6.05

o

=1
5.95
59
5.85

Fig no -01 pH of the formulated suspensions

The pH of the formulated suspensions was measured
using a calibrated digital pH meter, with readings
taken by immersing the electrode into each batch
sample under controlled conditions. The results
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showed that all suspensions maintained a slightly
acidic to near-neutral pH range, with values
decreasing marginally as the xanthan gum
concentration increased. Specifically, SUSP1
exhibited a pH of 6.10, followed by SUSP2 at 6.08,
SUSP3 at 6.02, SUSP4 at 5.99, and SUSP5 at 5.96.
This gradual decline in pH across batches suggests
that higher concentrations of xanthan gum and
excipient interactions may have contributed to minor
shifts in the hydrogen ion balance. Overall, the
suspensions remained within an acceptable
physiological range, indicating good stability and
suitability for oral administration.

Determination microcapsules contain suspension
particle size:

Table no 03- Determination microcapsules contain suspension
article size

Formulated Suspensions Particle size (um)
SUSP 1 199.83
SUSP 2 202.13
SUSP 3 199.33
SUSP 4 198.23
SUSP 5 201.14
Particle size (qum)
204
g 202
i~ | i
"g 196 .
£ SUSP 1 SUSP 2 SUSP 3 SUSP 4 SUSP 5
Formulations

Fig no 02- Determination microcapsules contain suspension
particle size

The particle size analysis of the formulated
suspensions revealed that the microcapsules of
Eperisone HCI were consistently within the range of
approximately 198-202 um across all batches.
Specifically, SUSP1 showed a mean particle size of
199.83 um, SUSP2 was slightly larger at 202.13 pm,
SUSP3 measured 199.33 pm, SUSP4 was 198.23
pm, and SUSP5 recorded 201.14 pm. These values
indicate  that the microcapsules-maintained
uniformity in size distribution regardless of the
varying xanthan gum concentrations used in the
suspensions. The minor variations observed between
batches are within acceptable pharmaceutical limits,
suggesting that the formulation process successfully
preserved microcapsule integrity and ensured stable
dispersion in the suspension medium. This
consistency in particle size is crucial for predictable
drug release, suspension stability, and overall
therapeutic performance.

Sedimentation Volume and Redispersibility of
Suspensions-
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Table no 04- Sedimentation Volume and Redispersibility of

Suspensions

Formulated Sedimentation Redispersibilit
Suspensions Volume y

SUSP 1 0.86 <2

SUSP 2 0.88 <2

SUSP 3 0.92 <4

SUSP 4 0.94 <7

SUSP 5 0.95 <7

Sedimentation Volume and Redispersability of
Suspensions

6
E4
2
0 -l -l -I - -

SUSP 1 SUSP 2 SUSP 3 SUSP 4 SUSP 5
Formulation

m Sedimentation Volume = Redispersibility

Fig no 03- Sedimentation Volume and Redispersibility of
Suspensions

The sedimentation volume and redispersibility study
demonstrated the influence of xanthan gum
concentration on suspension stability. Sedimentation
volume values increased progressively from 0.86 in
SUSPI1 to 0.95 in SUSPS5, indicating that higher
concentrations of the suspending agent improved the
ability of the suspension to resist particle settling and
maintain uniformity over time. However, this
increase in viscosity at higher gum levels (SUSP4
and SUSP5) made the suspensions more difficult to
pour from containers, highlighting a practical
limitation. In contrast, suspensions with lower
xanthan gum concentrations (SUSP1, SUSP2, and
SUSP3) showed better redispersibility, requiring
fewer inversion cycles (<2 to <4) to achieve
homogeneity after sedimentation. Thus, while
higher suspending agent concentrations enhanced
sedimentation stability, lower concentrations
favored ease of redispersion, suggesting that an
optimal  balance  between  viscosity and
redispersibility is essential for developing patient-
friendly suspension formulations.

Viscosity of formulated suspensions
Table no 05- Viscosity of formulated suspensionS

Formulated Suspension Viscosity (cps)
SUSP 1 215
SUSP 2 240
SUSP 3 270
SUSP 4 305
SUSP 5 360
Viscosity (cps)
400
300
2200
100 I
0
SUSP 1 SUSP2  SUSP3  SUSP4  SUSPS
Formulation

Fig no 04- Viscosity of formulated suspensions
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The viscosity study of the formulated suspensions
clearly demonstrated the impact of xanthan gum
concentration on rheological behavior. As the
concentration of the suspending agent increased
from SUSP1 to SUSPS5, viscosity values rose
progressively from 215 cP in SUSPI1 to 360 cP in
SUSPS5, showing a direct correlation between gum
content and resistance to flow. While higher
viscosity (SUSP4 and SUSP5) contributed to
improved physical stability and minimized
sedimentation, it also reduced pourability, making
the suspensions less convenient for patient use.
Conversely, lower viscosity batches (SUSP1-—
SUSP3) were easier to handle and redisperse but
exhibited comparatively lower sedimentation
stability. These findings highlight the importance of
optimizing suspending agent concentration to
achieve a balance between stability and patient-
friendly flow properties in oral suspension
formulations.

Density of suspensions-
Table no 06- Density of suspensions

Formulated Suspension Density(gm/ml)

SUSP 1 1.31

SUSP 2 1.29

SUSP 3 1.26

SUSP 4 1.22

SUSP 5 1.19
Density(gm/ml)

135
13

1.25
12

1
11

SUSP 1 SUSP2 SUSP 3 SUSP 4 SUSP 5
Formulation

gm/ml

—_

Fig no 05- Density Evaluation of the Formulated Suspensions

The density evaluation of the formulated
suspensions showed a gradual decrease with
increasing xanthan gum concentration. SUSP1
exhibited the highest density at 1.31 g/ml, followed
by SUSP2 at 1.29 g/ml, SUSP3 at 1.26 g/ml, SUSP4
at 1.22 g/ml, and SUSP5 at 1.19 g/ml. This trend
indicates that as the viscosity of the suspension
increased due to higher levels of the suspending
agent, the overall density of the formulation
decreased slightly, likely because of greater
entrapped air and reduced free-flowing
characteristics. Despite these variations, all
suspensions-maintained densities within acceptable
pharmaceutical limits, confirming that the
formulations were physically stable and suitable for
oral administration. This balance between viscosity
and density is important for ensuring both stability
and patient acceptability of the suspension dosage
form.
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Leaching study into suspensions-
Table no 07- EpeH-leaching into suspensions

Formulated Suspension | Drug Leaching (%)
SUSP 1 0.34
SUSP 2 0.32
SUSP 3 0.30
SUSP 4 0.28
SUSP 5 0.26
Drug Leaching (%)
0.4
03
S 02
0.1
0
SUSP 1 SUSP 2 SUSP 3 SUSP4 SUSP 5
Formulation

Fig no 06- EpeH-leaching into suspensions

The drug leaching study revealed that the percentage
of Eperisone HCI released into the suspension
vehicle during seven days of storage was minimal,
ranging from 0.26% to 0.34% across all batches.
SUSP1 showed the highest leakage at 0.34%, while
SUSP5 exhibited the lowest at 0.26%, indicating
that increasing xanthan gum concentration slightly
reduced drug diffusion into the vehicle. This trend
suggests that the suspending agent not only
enhanced viscosity and physical stability but also
acted as a barrier to drug leakage. Overall, the results
confirmed that the microencapsulation process was
effective in retaining the drug within the polymeric
coating, ensuring controlled release and maintaining
suspension integrity during storage.

Drug content into suspensions-
Table no 08- Drug content into suspensions

Formulated Suspensions Drug content (%)
SUSP 1 98.67
SUSP 2 99.17
SUSP 3 98.83
SUSP 4 97.83
SUSP 5 98.17

Drug content (%)

995

98.5
4
98
” .
97

SUSP 1 SUSP2 SUSP 3 SUSP 4 SUSP 5

0

Formulati

Fig no 07- Drug content into suspensions

The drug content analysis of the suspensions showed
that the Eperisone HCl microcapsules maintained
high levels of drug entrapment across all batches,
with values ranging between 97.83% and 99.17%.
SUSP2 exhibited the highest drug content at
99.17%, while SUSP4 showed the lowest at 97.83%,
though all values remained well within acceptable
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pharmaceutical limits. These results confirm that the
microencapsulation process was efficient and
consistent, ensuring minimal drug loss during
formulation and storage. The slight variations
observed among batches may be attributed to

In-vitro EpeH releasing profile of the suspensions
Table no 09- In-vitro EpeH releasing profile of the suspensions

DolI-10.004687/1000-9035.2026.057

differences in xanthan gum concentration and
excipient interactions, but overall, the suspensions
demonstrated excellent drug loading capacity and
uniformity, validating the reliability of the
preparation method.

Time. Cumulative % drug released (Average + SD*)

(Min) SUSP1 SUSP2 SUSP3 SUSP4 SUSP5

0 0.00+0.00 0.0£0.00 0.0+0.00 0.0£0.00 0.0£0.00
60 9.02+0.21 8.25+0.32 7.50+0.18 6.75+0.21 5.25+0.31
120 12.76+0.47 12.01+0.26 11.26+0.23 12.76+0.28 9.01+0.25
180 18.02+0.38 17.27+0.54 16.52+0.45 17.27+0.31 14.27+0.37
240 23.29+0.56 22.54+0.47 21.79+0.67 21.7940.48 19.53+0.48
300 30.82+0.82 31.5740.63 30.81+0.59 29.3240.39 28.55+0.72
360 35.35+0.63 34.6£0.72 33.85+0.87 33.09+0.67 31.59+0.64
420 41.39+0.91 40.64+0.75 39.88+0.75 39.88+0.71 36.87+0.59
480 48.94+0.83 48.19+0.91 47.43+0.86 46.68+0.68 45.16+0.63
540 52.74+0.87 51.99+0.83 51.23+0.91 51.98+0.82 48.96+0.72
600 59.49+1.02 60.24+0.94 59.48+0.89 57.98+0.91 57.21+0.81
660 62.62+0.92 63.36+1.03 62.60+1.06 60.35+0.92 60.17+0.87
720 67.19+1.04 66.43+1.01 65.67£1.03 64.92+1.06 64.15+1.06

* SD: Standard Deviation (n=3)

Drug release from Suspensions

== SUSP1
== SUSP2
SUSP3
= SUSP4
SUSPS

40
Time{Min.)

0 20

60 80

Fig. no 08- In-Vitro release profile of suspensions

The in-vitro release profile of Eperisone HCI from
the suspensions demonstrated a sustained and
controlled drug liberation pattern over 12 hours.

Initially, no drug release was observed at 0 minutes,
but by 60 minutes, cumulative release ranged from
5.25% (SUSPS5) to 9.02% (SUSP1), showing that
lower xanthan gum concentrations facilitated faster
diffusion. As time progressed, all formulations
exhibited gradual increases, with mid-point values at
360 minutes ranging between 31.59% and 35.35%,
and further rising to approximately 64—67% by 720
minutes. The data clearly indicate that suspensions
with higher suspending agent concentrations
(SUSP4 and SUSPS5) slowed drug release due to
increased viscosity and diffusion resistance, while
lower concentration batches (SUSP1-SUSP3)
allowed relatively faster release. Overall, the release
profiles  confirmed the  effectiveness  of
microencapsulation in achieving sustained drug
delivery, with formulation differences subtly
modulating the rate of release to balance stability
and therapeutic performance

Kinetics investigation of the In-vitro EpeH-release through suspensions-
Table no 10- Kinetics investigation of the In-vitro EpeH-release through suspensions

Formulation Zero order First order Higuchi Korsemeyer-Peppas

KO R2 K1 R2 KH RZ KP RZ ‘n’
SUSP1 0.1033 0.996 0.0185 0.984 1.892 0.932 1.077 0.987 0.866
SUSP2 0.1009 0.995 0.0186 0.981 1.864 0.927 1.075 0.988 0.901
SUSP3 0.0976 0.995 0.0185 0.981 1.819 0.923 1.071 0.989 0.934
SUSP4 0.0968 0.996 0.0186 0.985 1.801 0.928 1.072 0.986 0.931
SUSP5 0.0878 0.995 0.0187 0.978 1.681 0.909 1.054 0.994 1.058

The kinetic modeling analysis of the in-vitro release
data revealed that the dissolution behavior of
Eperisone HCI microcapsules suspended in different
formulations was most accurately described by the
Zero-order kinetic model, as evidenced by the
consistently high correlation coefficients (R*? =
0.995-0.996) across all suspensions. This indicates
that drug release occurred at a constant rate,
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independent of concentration, thereby ensuring a
sustained and predictable release profile. Among the
formulations, SUSP2 (containing 0.4% xanthan
gum) emerged as the most favorable candidate,
striking an optimal balance between physical
stability, sedimentation volume, redispersibility, and
controlled release. Its release pattern adhered closely
to Zero-order kinetics, confirming its suitability for
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prolonged therapeutic action. Consequently, SUSP2 superior performance in maintaining both
was selected for further stability investigations pharmaceutical integrity and patient-friendly
under varied storage conditions, as it demonstrated characteristics.
Stability Studies-
Table no 11- Stability Studies of selected suspension (SUSP2)
Evaluation Parameter Stability Studies Results Data
1 Month 2 Month 3 Month
25°C/ 40°C/ 25°C/ 40°C/ 25°C/ 40°C/
60% RH 75% RH 60% RH 75% RH 60%RH 75%RH
pH 6.08 6.01 5.88 5.83 5.72 5.68
Sedimentation volume 0.88 0.89 0.76 0.78 0.63 0.65
Redispersibility <2 <2 <2 <2 <2 <2
Viscosity (cps) 240 230 223 221 218 215
Drug leaching (%) 0.32 0.34 0.39 0.41 0.47 0.49
Drug content (%) 99.17 99.13 99.08 99.07 99.02 98..98
In-vitro drug release (%) 65.67 66.43 64.91 65.68 64.14 64.92

The stability study of SUSP2 over three months
under both accelerated (40 °C/75% RH) and ambient
(25°C/60% RH) conditions revealed only gradual
changes in physicochemical parameters, confirming
good formulation robustness. The pH decreased
slightly from 6.08 to 5.68, while sedimentation
volume reduced from 0.88 to 0.65, indicating minor
settling over time. Redispersibility remained
consistently favorable (<2 inversions), showing ease
of reconstitution. Viscosity declined moderately
from 240 cP to 215 cP, reflecting slight thinning of
the suspension matrix. Drug leaching increased
marginally from 0.32% to 0.49%, but drug content
remained high and stable (99.17% to 98.98%),
ensuring dosage accuracy. Importantly, the in-vitro
release profile remained sustained, with cumulative
release values around 64-66%, adhering to zero-
order kinetics.  Collectively, these results
demonstrate that SUSP2 retained its stability,
therapeutic  reliability, and  patient-friendly
characteristics under both storage conditions,
validating its suitability for long-term use.

CONCLUSION:

The comprehensive evaluation of the formulated
suspensions demonstrated that xanthan gum
concentration played a pivotal role in modulating
physicochemical properties, stability, and drug
release behavior. Parameters such as appearance,
pH, particle size, sedimentation volume, viscosity,
density, drug leaching, drug content, and in-vitro
release profiles consistently confirmed that all
suspensions were pharmaceutically acceptable, with
microencapsulation ensuring minimal drug leakage
and sustained release. The kinetic modeling further
validated that the drug release followed Zero-order
kinetics, ensuring a constant and predictable release
rate. While higher gum concentrations improved
sedimentation  stability, they also reduced
pourability and ease of redispersion, highlighting the
need for balance between viscosity and patient
convenience. Among all formulations, SUSP2
(containing 0.4% xanthan gum) emerged as the
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optimized suspension, offering the most favorable
combination of redispersibility, physical stability,
drug content uniformity, and controlled release
performance. Its stability studies under both
accelerated and ambient conditions confirmed
robustness, with only minor variations in pH,
viscosity, and drug leaching, while maintaining

therapeutic ~ reliability = and  patient-friendly
characteristics.  Therefore, SUSP2 can be
confidently recommended as the optimized

formulation, suitable for long-term storage and
effective oral delivery of Eperisone.

CONFLICT OF INTEREST:
Nill

REFERENCES:

1. L Aa, Chandran P Sm, R Pg, Satheesh Ss, Kumar L Aa, Nair
R Pk. Microencapsulation And Recent Trends In Drug
Delivery: An Overview. World Journal Of Pharmaceutical
And Life Sciences [Internet]. 2020 Feb;6(1):102-9.
Available From: Www.Wijpls.Org

2. Snehal M, Jamdade S, Chaudhari D, Amit M, Pondkule V,
Students Mp. A Complete Review On Microencapsulation.
International Journal Of Scientific Development And
Research [Internet]. 2021;6:386. Available From:
Www.Ijsdr.Org

3. Suganya V, Anuradha V. Microencapsulation And
Nanoencapsulation: A Review. International Journal Of
Pharmaceutical And Clinical Research. 2017 Mar 25;9(3).
Doi:10.25258/Ijpcr. V9i3.8324

4. Jacqueline Bower, Dr. Sushma Vaishanav, Dr. Swati Rawat,
Dr. Pravin Wakte, Dr. Sachin Bhusari. A Review: Recent
Advances In Microencapsulation Technology For
Controlled Drug Delivery Systems. International Journal Of
Advanced Research In Science, Communication And
Technology. 2024 Sep 20;463-72. Doi:10.48175/Ijarsct-
19579

5. Swami S, Sawant A, Khandetod Y. Microencapsulation
Techniques Used For Bioactive Food Ingredients: An
Overview. The Pharma Innovation Journal [Internet].
2020;9(7):40-9. Available From:
Http://Www.Thepharmajournal.Com

6. Diksha Khandare, Bilal Sufi, Kaifiya Naaz, Yati Sonare,
Pooja Shende. A Review Of Microencapsulation With Their
Utilization. International Journal Of Advanced Research In
Science, Communication And Technology. 2023 Dec
22;85-95. Doi:10.48175/ljarsct-14311

7. Mendake Ra, Hatwar Pr, Bakal RI, Kohale Nb.
Microencapsulation: A Review. International Journal For



Journal of Molecular Science

Volume 36 Issue 2, Year of Publication 2026, Page 474-484

Journal of Molecular Science

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Multidisciplinary Research  (Ijfmr) [Internet]. 2024
Aug;6(04):01-18. Available From: Www.Ijfmr.Com

Dr. Mahwash Aziz. Microencapsulation. Jres Angrau. 2013
Feb;10(01):1-17.

Mr. Aniket Kalkumbe. Microencapsulation: A Review.
International Research Journal Of Modernization In
Engineering Technology And Science. 2022 Nov
13;04(06):3844-50. Doi:10.56726/Irjmets26546

Sampath Kumar Kp, Sk T, Banu S, Naga Lakshmi P,
Bhowmik D. Microencapsulation Technology. Online)
Sampath Kumar Et.Al Indian Journal Of Research In
Pharmacy And Biotechnology. 2025;1(3):2320-3471.
K.Shekhar. A Review On Microencapsulation. Int J Pharm
Sci Rev Res. 2010 Nov;05(02):58-62.

Kaur H, Kumar R, Singh P, Sharma P. Microencapsulation:
A Review. International Journal Of Rural Development.
2024;8(2):01-8. Doi:10.22161/Ijreh.8.2

Rama Dubey Tcs And Kubr. Microencapsulation
Technology And Applications. Def Sci J. 2009 Feb
20;59(1):82-95.

Jyothi Nvn, Prasanna Pm, Sakarkar Sn, Prabha Ks, Ramaiah
Ps, Srawan Gy. Microencapsulation Techniques, Factors

Influencing  Encapsulation Efficiency. Journal Of
Microencapsulation. 2010. P. 187-97.
Doi:10.3109/02652040903131301 Pubmed Pmid:
20406093.

Poncelet D. Microencapsulation: Fundamentals, Methods
And Applications. Surface Chemistry In Biomedical And
Environmental Science. 2006 Apr;23(1):34.

Nath As, R Pg. An Overview On Microcapsules.
International Journal Of Research Publication And Reviews
Journal Homepage: Www.]jrpr.Com [Internet]. 2022.
Report. Available From: Www.Ijrpr.Com

Bakry Am, Abbas S, Ali B, Majeed H, Abouelwafa My,
Mousa A, Et Al Microencapsulation Of Oils: A
Comprehensive Review Of Benefits, Techniques, And
Applications. Compr Rev Food Sci Food Saf. 2016 Jan
1;15(1):143-82. Doi:10.1111/1541-4337.12179
Chaturvedi P, Sharma P. A Review On Microencapsulation
As Method Of Drug Delivery. In: Bio Web Of Conferences.
Edp Sciences; 2024. Doi:10.1051/Bioconf/20248601033
Atubukha B, Liu K, Huang Z, Jakab I, Kéczan-Manninger
K, Badak-Kerti K. Microalgae Techno-Functional
Properties In Bread, Cookies, And Pasta Products: A
Review. Comprehensive Reviews In Food Science And
Food Safety . John Wiley And Sons Inc; 2026.
Doi:10.1111/1541-4337.70428 Pubmed Pmid: 41696767.
Venkatachalam C, Damodaran S, Natarajan A, Mohamed A,
Ravichandran S, Sengottian M. Microencapsulation
Techniques: A Comprehensive Review. Food And Feed
Research. 2025;(00):84-84. Doi:10.5937/Ffr0-55787
Poshadri A, Kuna A. Microencapsulation Technology: A
Review. Microencapsulation Technology. 2010;38(01):86—
102.

Verma M, Chauhan I, Abdul D. Recent Advances In
Pharmaceutical ~ Suspension:  Patents And  Future
Prospective. International Journal Of Pharmaceutical
Research And Applications. 9:1010. Doi:10.35629/4494-
090410101024

Chaffai Nacéra, Afoutni Aya, Djahoudi Abdelghani,
Djebbar Mohamed. Formulation And Stability Study Of An
Ibuprofen Oral Suspension With A Particular Granulometry
Combining Sodium Cmc And Xanthan Gum As Suspending
Agents. Gsc Biological And Pharmaceutical Sciences. 2025
Jul 30;32(1):321-33.
Doi:10.30574/Gscbps.2025.32.1.0298

Jitca Cm, Jitcd G, Osz Be, Puscas A, Imre S. Stability Of
Oral Liquid Dosage Forms In Pediatric Cardiology: A
Prerequisite For Patient’s Safety—A Narrative Review.
Pharmaceutics. Mdpi; 2023.
Doi:10.3390/Pharmaceutics15041306

Pratisha Bibhishan H, Ghadage Msa, Jain S. A Review On
Pharmaceutical Suspension. International Journal Of
Creative Research Thoughts [Internet]. 2023. Report.

483

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Dol-10.004687/1000-9035.2026.057

Available From: Www.Ijcrt.Org

Doye P, Mena T, Das N. Formulation And Bio-Availability
Parameters Of Pharmaceutical Suspension [Internet]. 2017.
Doi:10.22159/1jcpr.2017v913.18892

S Sm, K Sn. A Review Article On Oral Pharmaceutical
Dosage Forms At Different States *Corresponding Author.
Certified Journal | Sutha Et Al World Journal Of
Pharmaceutical Research 909 World Journal Of
Pharmaceutical Research  Sjif Impact Factor 8.
2024;13:909—-18. Doi:10.20959/Wjpr202420-34251
Kumar Verma P, Arora K, Vats V. Annals Of Clinical Case
Reports A Review On Pharmaceutical Suspension And Its
Advancement Open Access [Internet]. Vol. 7. 2022;7:2321.
Available From: Http://Anncaserep.Com/

Santosh Kumar R, Tulja Kumari N. Parenteral Suspensions:
Stability Enhancing Liquid Dosage Forms. Journal Of Drug
Delivery And Therapeutics. 2019 Aug 30;9(4-A):803-5.
Doi:10.22270/1ddt.V9i4-A.3617

Gupta A, Badola A. Pharmaceutical Suspension: A Review.
Certified Journal | Gupta Et Al World Journal Of
Pharmaceutical Research. 2022;11:1011.
Doi:10.20959/Wjpr20223-23318

Doye P, Mena T, Das N. Formulation And Bio-Availability
Parameters Of Pharmaceutical Suspension [Internet]. 2017.
Doi:10.22159/1jcpr.2017v9i3.18892

Woldu G, Brhane T, Demoz Gt. Physicochemical
Characterization And Evaluation Of The Suspending
Properties Of Boswellia Papyrifera Gum In Metronidazole
Benzoate Suspension. Biomed Res Int. 2024;2024.
Doi:10.1155/2024/8899359 Pubmed Pmid: 39345869.
Sahu Y, Jadon As, Jain P, Thakur Bs, Khare B, Jain A. An
Overview On Recent Advances In Pharmaceutical
Suspensions. International Journal Of Medical Sciences
And Pharma Research. 2021 Mar 15;7(1):1-3.
Doi:10.22270/Ijmspr.V7il.54

Kewade SI, Hatwar Pr, Bakal Rl, Kubde Ja, Atram Rm. A
Review: Pharmaceutical Suspension And Its Advancement.
Certified Journal | Kewade Et Al. World Journal Of
Pharmaceutical Research [Internet]. 2023. Report.
Available From: Www.Wjpr.Net

Pardeshi Ma. Issue 1 Www.Jetir.Org (Issn-2349-5162).
Jetir2301471 Journal Of Emerging Technologies And
Innovative Research [Internet]. 2023. Report. Available
From:
Https://Www.Researchgate.Net/Publication/264044089
Sakthivel M, Halith Sm, Baskar P, Anbukarasi V, Rahman
Ja, Amra Begum A, Et Al. Pharmaceutical Suspension-An
Overview. © 2025 Jaafr | [Internet]. 2025. Report. Available
From: Www.Jaafr.Org

Pardeshi Ma. Issue 1 Www.Jetir.Org (Issn-2349-5162).
Jetir2301471 Journal Of Emerging Technologies And
Innovative Research [Internet]. 2023. Report. Available
From:
Https://Www.Researchgate.Net/Publication/264044089
Frontline Medical Sciences And Pharmaceutical Journal
(Issn-2752-6712). Report.

Roy S, Upadhyay R, Vyas J, Upadhyay U. Taste Masking
Of Oral Pharmaceutics: A Review. Rrjpps|. 2023;12.
Doi:10.4172/2320-1215.12.2.001

Roy S, Upadhyay R, Vyas J, Upadhyay U. Taste Masking
Of Oral Pharmaceutics: A Review. Rrjpps|. 2023;12.
Doi:10.4172/2320-1215.12.2.001

Momin Svkm M, Sankar Kar S, Momin M, Rathod S, Kar
S. Taste Masking Techniques For Bitter Drugs-An
Overview. Article In International Journal Of Pharmacy
And Technology [Internet]. 2012. Report. Available From:
Www.[jptonline.Com

Kadota K, Terada H, Fujimoto A, Nogami S, Uchiyama H,
Tozuka Y. Formulation And Evaluation Of Bitter Taste-
Masked Orally Disintegrating Tablets Of High Memantine
Hydrochloride Loaded Granules Coated With Polymer Via
Layering Technique. Int J Pharm. 2021 Jul 15;604.
Doi:10.1016/1.1jpharm.2021.120725  Pubmed  Pmid:
34029663.



Journal of Molecular Science

Volume 36 Issue 2, Year of Publication 2026, Page 474-484

Journal of Molecular Science

43.

44.

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Shiva Kumar Bs, Gandhi R. Formulation And Evaluation
Of Fast Dissolving Oral Films Of A Model Antiemetic
Drug. [Bengaluru]: Department Of Pharmaceutics
Government College Of Pharmacy Bengaluru; 2013.
Ahmed I, Pharm M. Formulation And Evaluation Of Mouth
Dissolve Tablets Of Salbutamol Sulphate [Internet].
[Gulbarga]: Department Of Pharmaceutics Lugman College
Of Pharmacy, Gulbarga; 2006. Available From:
Http://Www.Novapdf.Com

Pradeepb B, Pharm B, Gandhi R, Sudha Mpharm E. “
Formulation And Evaluation Of Fast Dissolving Solid Oral
Dosage Form For A Model Nsaid.” In Partial Fulfilment Of
The Requirements For The Degree Of Master Of Pharmacy
In Pharmaceutics Under The Guidance Of. [Kogilu]: Aditya
Bangalore Institute Of Pharmacy Education & Research,
Kogilu Main Road,; 2016.

Khan Mg, Gauttam V, Chandel Hs, Ali A, Tariq K.
Development Of Microencapsulation: A Review Of
Literature. 264 264 International Journal Of Scientifi C
Study. 2017. Doi:10.17354/1jss/2017/376

Abhisekh Sah. Microencapsulation And Its Techniques.
International Jourmnal Of Scientific Development And
Research (Ijsdr). 2024 Oct;09(04):1322-37.

Bobde Mn, Ghadge Ps, Kale Ps, Sadhana D, Shahi R.
Microencapsulation And Its Various Aspects: A Review.
International Journal For Research Trends And Innovation
(Www.Ijrti.Org) [Internet]. 2022. Report. Available From:
Www.]jrti.Org

Walunj Priyanka M, Tarte Vaishnavi M, Ajbe Snehal M. An
Overview On Microencapsulation. International Journal Of
Creative Research Thoughts (ljert) [Internet]. 2024
Aug;12(10):2320-882. Available From: Www.Ijcrt.Org
Priyanka Ravsaheb Shirsath. A Review:
Microencapsulation. International Journal Of Creative
Research Thoughts (Ijcrt) [Internet]. 2022 Nov;10(11):875—
94. Available From: Www.Jjcrt.Org

Sousa Vi, Parente Jf, Marques Jf, Forte Ma, Tavares Cj.
Microencapsulation Of Essential Oils: A Review. Polymers.
Mdpi; 2022. Doi:10.3390/Polym 14091730

Lobel Bt, Baiocco D, Al-Sharabi M, Routh Af, Zhang Z,
Cayre Oj. Current Challenges In Microcapsule Designs And
Microencapsulation Processes: A Review. Acs Applied
Materials And Interfaces. American Chemical Society;
2024. P. 40326-55. Doi:10.1021/Acsami.4c02462 Pubmed
Pmid: 39042830.

Garule Sanket. Review  On-Microencapsulation.
International Journal Of Pharmaceutical Research And
Applications. 2023 Nov;8(06):1045. Doi:10.35629/7781-
080610451053

Kale V, Vaishanavi Sake A, Nkhedkar D, Wagh M, Tekale
0. A Review On Microencapsulation. International Journal
Of Pharmaceutical Research And Applications. 2023 Oct
1;8(5):1508-18. Doi:10.35629/7781-080515081518
Hashmi Mhn, Jan T, Qureshi H, Mumtaz K. Significance Of

Microencapsulation Technology: A Review.
Journal Advances Of Nutrition Science And Technology.
2022 Feb 14;1(4):164.

Doi:10.15228/Anst.2021.V01.104.P04

484

Dol-10.004687/1000-9035.2026.057



