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ABSTRACT

Objective: The extract from the snakehead fish (Channa striata) is a rich source of albumin, a protein recognized for its wound healing properties.
In this study, we developed albumin-loaded nanoparticles using sodium alginate as the polymer matrix. We also examined how varying sonication
durations affected the characteristics of the nanoparticles.

Methods: Nanoparticles were prepared using ionic gelation using 0.1% sodium alginate and 0.01% calcium chloride (CaCl;) as a cross-linker,
stirred for 2 h at 1500 rpm, and sonicated for 1 h (Formula 1) or 2 h (Formula 2) using 45Hz frequency. After freeze-drying, characterization
included visual appearance, %transmittance, particle size, and polydispersity index. Scanning electron microscope (SEM) and entrapment efficiency
tests further evaluated the optimal formula.

Results: There were notable differences in the characteristics of the nanoparticles between F1 and F2. F1 exhibited an average transmittance of
93.22%, a particle size of 606.43 nm, and a polydispersity index of 0.563. In contrast, F2 demonstrated a higher transmittance of 99.41%, a smaller
particle size of 483.26 nm, and a slightly lower polydispersity index of 0.558. Statistical analysis revealed a significant difference (p<0.05) between
the two formulations. F2 was identified as the optimal formulation, achieving an entrapment efficiency of 96.63%, a zeta potential of-24.6 mV, and
exhibiting a wrinkled particle morphology with aggregates visible at 10.000x magnification. The optimal ultrasonication time depends on how
effectively the process dissolves and distributes the ingredients evenly, as longer mixing reduces the particle size.

Conclusion: Snakehead fish extract nanoparticles prepared with 0.1% sodium alginate and 2 h of sonication (F2) showed the best characteristics.
After 7 days, the solution remained slightly cloudy with a few floating particles and a distinctive fish odor. The average %transmittance was
99.406%, particle size 483.266 nm, polydispersity index 0.558, zeta potential-24.6+0.294 mV, and entrapment efficiency 96.63+0.11%. SEM at
5000x and 10.000x magnification revealed mostly spherical, dense particles with rough surfaces.
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INTRODUCTION sample and solvent at room temperature, leading to the formation of
particles with nanometer-scale diameters. Sodium alginate was
selected for its ability to prolong contact time, enhance penetration,
and increase efficacy. Snakehead fish extract nanoparticles were
formulated via ionic gelation using positively charged CaCl: and

subsequently freeze-dried to produce a powder, aiming to improve

Fish is a major marine resource widely used as a source of animal
protein. Snakehead fish contains higher protein levels than many
other species, with 25.5% protein, along with albumin, omega-3, and
omega-6 fatty acids that support wound healing [1, 2]. Its albumin

aids tissue repair and offers a cost-effective alternative protein
source [2]. However, the 30 um particle size and sensitivity of
albumin to temperature and pH can lead to denaturation and reduce
its effectiveness [3]. The use of nanoparticle technology continues to
increase due to its advantages, including enhanced bioavailability,
improved solubility, larger particle surface area, and greater stability
of active compounds. The large particle size of snakehead fish
extract makes it difficult to penetrate the stratum corneum, thereby
limiting its ability to pass through cell membranes. Converting the
extract into nanoparticle form facilitates drug penetration through
the stratum corneum. The encapsulation of albumin within
nanoparticles protects the protein by embedding it in the polymer
matrix, thereby preventing rapid degradation. To overcome these
limitations, albumin nanoparticles from snakehead fish extract can
be prepared using the ionic gelation method with sodium alginate as
the polymer.

Nanoparticles are colloidal systems ranging in size from 10 to 1000
nm, offering benefits such as enhanced bioavailability, solubility,
surface area, diffusion, penetration, and stability of active
compounds [4, 5]. Ionic gelation, which involves cross-linking
between polyelectrolytes and multivalent ions, strengthens the
particle structure mechanically [6]. Due to their unique properties,
nanoparticles can overcome the limitations of conventional
therapies and are efficiently taken up by cells, making them
promising delivery systems [7, 8]. The duration of sonication is a
critical parameter in the formulation of nanoparticles. By using
ultrasonic waves, sonication enhances the contact between the

stability, prolong shelf life, and protect heat-sensitive components.

This research aimed to formulate albumin nanoparticles from
snakehead fish extract using the ionic gelation method with sodium
alginate as a polymer. The study examined the physical and chemical
characteristics of powder nanoparticles from snakehead fish extract,
including visual appearance, percentage transmittance, particle size,
zeta potential, particle morphology, and percentage entrapment
efficiency.

MATERIALS AND METHODS
Materials

Snakehead fish (Channa striata) was sourced from a fisherman in
Sungai Itik village, Kuburaya Regency, West Kalimantan, Indonesia.
Sodium alginate (Eurofins), and calcium chloride (Eurofins).

Instruments

Scanning electron microscopy (SEM) (SU3500, America), particle
size analyzer (PSA) and zeta potential analyzer (ZPA) (SZ-HORIBA
100, Japan), Spectrophotometer UV-Vis (Shimadzu UV 2600i, Japan),
Photometer (Microlab 300, Netherland)

Collection and extraction of water phase snakehead fish extract

Snakehead fish (Channa striata) was determined at the Biology
Laboratory, Department of Biology, Faculty of Mathematics and
Natural Sciences, Tanjungpura University, Pontianak, West
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Kalimantan, with number 0164/A/IB/FMIPA/UNTAN/2024. The
Snakehead fish used have weights ranging from 500 to 1000 s,
obtained from fishermen in Itik River Village, Kuburaya Regency,
West Kalimantan, Indonesia. The selection of snakehead fish was
carried out by the Indonesian National Standard (SNI) No. 2729-
2021. Snakehead fish includes a whole body with intact scales, free
from parasites, without defects, and with a bright and shiny
appearance. Afterward, we conduct a wet sorting process. The
scales, fins, tail, and intestines are cleaned. Following that, the
snakehead fish was washed using running water. The snakehead fish
is chopped into several pieces to facilitate the extraction of the water
phase. The snakehead fish meat is steamed at 70 °C for 30 min. The
meat is wrapped in cloth and pressed with a hydraulic press to
extract the essence of snakehead fish. Afterward, the extract was
placed into a test tube and centrifuged at 1000 rpm for 60 minute,
applying a relative centrifugal force (RCF) of approximately 11,180 x
g for 30 min. The water phase of snakehead fish extract was taken,
and preservatives DMDM hydantoin and parabens (methyl paraben
and propyl paraben) were added.

Preparation Nanoparticle of water phase snakehead fish extract

Nanoparticles were initially prepared on a medium scale (60 ml) to
determine the most optimal preparation method. Two formulations
of alginate nanoparticles underwent sonication for different
durations (1 h and 2 h) during preparation using 45Hz frequency.
The sonication was performed at a power output of 200 W and 50%
amplitude in pulse mode (5 sec on/5 sec off) for a total duration of
10 min. The sample volume was 20 ml, placed in a 50 ml glass
beaker immersed in an ice bath to maintain the temperature below
30 °C. The total energy delivered was estimated at 120 k], equivalent
to 6 kJ/ml. The volume ratio of the aqueous phases-snakehead fish
extract, sodium alginate, and CaCl,-was 2:1:1, respectively. The
snakehead fish extract did not require dissolution, as it was already
in liquid form. CaCl, was dissolved in distilled water, producing a
transparent, clear solution. Similarly, the sodium alginate solution
was prepared by dissolving sodium alginate in distilled water,
yielding a transparent and colorless solution. Specifically, 15 g of fish
extract was weighed, and 30 g of a 0.1% sodium alginate solution
was placed into a 250 ml beaker. The extract was gradually added to
the alginate solution, which was continuously stirred at 1500 rpm
for 30 min. Subsequently, 15 g of a 0.01% CaCl, solution was added
dropwise, and stirring was maintained for an additional 1.5 h at the
same speed. The mixture was then subjected to sonication for either
1 or 2 h, depending on the formulation [9]. Additionally, the
aqueous-phase nanoparticles containing snakehead fish extract
were dried into powder form for further characterization.
Observations were made on several physical parameters-including
the presence of floating particles, sedimentation, solution color,
sediment characteristics, particle shape, and turbidity-to determine
the optimal formulation for subsequent evaluation.

Evaluation of physical characteristic nanoparticles

The nanoparticles from both formulations were subjected to
physical characterization, including visual observation, %
transmittance, particle size, and polydispersity index. The size,
distribution, and zeta potential of the nanoparticles were
determined using a particle size analyzer (psa), while transmittance
was measured using UV/Vis spectrophotometry [13]. The optimum
nanoparticle formulation was further analyzed using a SEM and
tested for its zeta potential. Nanoparticle morphology was also
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assessed using SEM. This study presents a preliminary investigation
into the ultrasonic-assisted preparation of Channa striata protein
nanoparticles. Although the initial results are promising, the small
sample size (n = 3) limits the statistical power and generalizability of
the results. Future research involving larger sample sizes is essential
to confirm the trends observed and support broader application of
the method.

Evaluation of chemical characteristic nanoparticles
Entrapment efficiency of optimal formulation

The entrapment efficilency was determined by measuring the
concentration of free albumin in the optimum formulation of the
snakehead fish extract nanoparticles. Photometry using the
bromocresol blue reagent was employed for this analysis. The
nanoparticle suspension was centrifuged at 10.000 rpm for 30 min,
and the supernatant was collected. A 10 pl** sample of the
supernatant was transferred into a 1.5 ml tube, followed by the
addition of 1000 pl** of bromocresol blue reagent. The mixture was
then vortexed until homogeneous.

A blank solution was prepared by mixing 10 pl** of distilled water
with 1000 pl** of the reagent. A standard solution was prepared
using an albumin standard at a concentration of 200 mg/dl; 10 pl**
of this standard was mixed with 1000 plI** of reagent. Each mixture
was vortexed until homogeneous and incubated at room
temperature (24-30 °C) for 10 min. Measurements were performed
using a Microlab 300 photometer at a wavelength of 546 nm using
the endpoint method. The drug entrapment efficiency (EE) was
calculated as follows [11, 12]:

(Mass of total drug — Mass of free drug)

% Drug entrapment = X 100%

Mass of total drug
RESULTS
Collection and extraction of snakehead fish

Snakehead fish weighing 707 g were sourced from the Toampe ditch
in Sungai Kakap District, West Kalimantan. The fish were selected
based on the optimal albumin content criteria of 600 to 900 g per
fish [10]. Processing began with sorting to select live fish in good
condition, free of parasites, with fresh gills and a clean aroma [11].
The fish were then cleaned by removing scales, fins, and tails, cut
into pieces, and steamed at 70 °C for 30 min to break down muscle
cells and efficiently release nutrients [12, 13]. After steaming, the
fish was pressed and centrifuged at 6000 rpm for 1 h to separate the
water and oil phases. The water phase was carefully collected using
a syringe. Finally, preservatives-1% DMDM hydantoin and 1.8%
methyl and propyl parabens-were added, resulting in a 25.36% yield
of the water-phase snakehead fish extract. This result is useful for
determining the albumin content or total protein content of the
extract in order to comprehensively characterize the raw material.

Preparation of nanoparticle

Nanoparticles were prepared using the ionic gelation method.
Alginate, an anionic polymer, reacts with divalent cations such as CaCl,
[14]. The interaction between CaCl, and sodium alginate results in the
formation of bonds between Ca®* ions from calcium chloride and the
carboxylic groups of guluronic acid in sodium alginate, leading to a
polyelectrolyte complex through opposing electrostatic forces and
"egg-box" formation [15]. The resulting cross-links enhance the
mechanical strength of the formed particles [14].

Table 1: Design of snakehead fish extract nanoparticle formula, Sodium Alginat, CaCl:

Formula Sodium alginate concentration = CaClz concentration

Water phase of snakehead fish extract Sonication time (h)

(%) (%) concentration (ml)
1 0.1 0.01 15 ml 1
2 0.1 0.01 15 ml 2

Visual observation of nanoparticle

The nanoparticles formed with sodium alginate polymer appeared
as a clear solution with a white haze in both formulas. This

phenomenon is due to the formation of colloids resulting from the
interaction between the negative charges of the crosslinking agent
and the positive charges of the polymer, known as opalescence [16].
The electrostatic interaction causes the colloidal particles to have
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like charges. The movement of these particles leads to random
collisions in all directions, a phenomenon known as Brownian
motion.

The stirring and sonication duration influence the nanoparticles
with Na-alginate polymer, as shown in table 2. The reduction of
sediment and suspended particles occurs with increasing stirring
time of the nanoparticles because the longer the stirring, the more
particles are broken down into nano-sized particles. The intensity of
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solvent molecules contacting the polymer increases, resulting in
smaller particle sizes [17]. Sonication affects the suspended particles
produced due to sound waves and vibrations that separate particle
agglomerates and break them into smaller sizes. The longer the
process duration, the more complete the bond breakage and
aggregate dispersion, while maintaining small and homogeneous
particle sizes. Besides being a simple process, the sonication method
also offers advantages as it is faster and more efficient in producing
nanoparticles [18].

Table 2: Visual observation of nanoparticle

Formula Visual observation

Clarity The number of suspended particle Odor
1 Clear Many particles were observed Has a distictive odor of Channa striata
2 Clear No particles observed Has a distictive odor of Channa striata

Characterization of nanoparticle

Physicochemical characterization of nanoparticles is essential for
affect the absorption release of active substances, influence their
interactions with biological components, including proteins and
tissue membranes. Characterization of water phase nanoparticles of
snakehead fish extract was carried out in powder form with the
freeze-dry method. Freeze-dry is one of the drying methods that has

the advantage of maintaining the quality of extracts from snakehead
fish that can leave a sample air content of 1% which meets the
requirements of raw materials from nature in pharmaceutical
preparations. The powder form to extend the shelf life, the
suspension of snakehead fish extract nanoparticles was freeze-dried.
Physicochemical characterization of nanoparticles, as the main drug
carrier, includes assessment of their shape, size, surface properties,
and entrapment efficiency [18].

Table 31: Characterization results of alginate-snakehead fish extract nanoparticle

Formulation Sonication Sodium alginate CaCl2 Sodium alginate: Nanoparticle characterization results

time (H) Concentration concentration  CaClz: snakehead Particle size (nm) PI %
(%) (%) fish extract Transmittance

1 1 0,1 0.01 593.6 0.571 93.219

613.6 0.596 93.265

609.1 0.523 93.179

Average 605.433+8.56 0.563+ 93.221

2 2 0,1 0.01 486.9 0.606 99.257

482.3 0.541 99.554

480.6 0.527 99.409

Average 483.26 0.558 99.406

Description: CaClz= Calcium Chloride; PI = Polydisperse Index. (Results are expressed as a mean+SD, n=3)

% Transmittance

% Transmittance is used as a quantitative measure of the clarity of a
solution or dispersed system. Based on table 3, the transmittance of
nanoparticles sonicated for 1 h was 93.221%, while the
transmittance of nanoparticles sonicated for 2 h increased to
99.406%. A transmittance value close to 100% suggests that the
resulting nanoparticles form clear and transparent dispersions,
indicating particle sizes within the nanometer scale [19]. The
increase in sonication time results in higher % transmittance, likely
due to more effective breakdown of particles into uniform
nanometer-sized structures. This uniform dispersion allows light to
pass through the solution more freely during transmittance
measurement [20, 21].

Particle size

The particle size of the sample was determined using a particle size
analyzer (PSA) based on the dynamic light scattering (DLS) method
[1]. A reduction in particle size increases the total surface area,
thereby accelerating drug release. However, smaller particles tend to
aggregate during storage, which can negatively affect the stability of
the formulation. In this study, sodium alginate and calcium chloride
(CaCl;) were utilized at concentrations of 0.10% and 0.01%,
respectively. Excessive CaCl, concentrations may influence particle
formation due to the generation of extensive cross-linking between
Ca** ions and alginate anions. This interaction may also lead to the
formation of insoluble precipitates, resulting in an increase in
particle size. The results showed that the smallest particle size was
obtained in Formula 2 (2 h sonication), measuring 483.26 nm, as

presented in table 2. A decrease in sedimentation and suspended
particles was also observed with increasing sonication duration
during the nanoparticle preparation process. This can be attributed
to the extended sonication time, which facilitates the breakdown of
larger particles into nanoscale sizes and enhances solvent-polymer
interactions, thereby contributing to further particle size reduction
[2]. The particle size decreases with the increase of applied force due
to collisions between particles, which enhance the intensity of
interaction between the polymer and the extract, resulting in
smaller particles, increase in sonication time results in smaller and
more homogeneous particle sizes, leading to stable nanoparticles
with a reduced tendency for aggregation. This phenomenon occurs
because the shock waves generated by cavitation during
ultrasonication are capable of breaking down particle agglomerates
into smaller units and preventing re-agglomeration, thereby
producing a more uniform and stable dispersion system.

Polydispersity index

Nanoparticles with a polydispersity index value of 1 have a very
wide size distribution and contain large particles or aggregates that
can undergo sedimentation. Table 2 shows the polydispersity index
value of nanoparticles with sodium alginate 0,1% (sonication for 1
h) is 0.563+£0.030 and sonication for 2 h is 0,558+0,0344. This
polydispersity index value is below 0.7 which means it is the upper
range where the distribution algorithm operates best and is quite
homogeneous with a polydispersity index value close to 0 [24].
Sonication nanoparticle for 2 h produces nanoparticles with a
smaller polydispersity index, this is because the optimum
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ultrasonication time is judged by the ability to dissolve and
distribute a material evenly in the system [25]. The cavitation and
vibrations generated by ultrasonication reduce the particle size by
breaking down particle agglomerates into smaller units and
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preventing re-agglomeration; thus, the longer the sonication time,
the more uniform the fragmented particles become, as bond
disruption and aggregate dispersion occur more effectively,
resulting in a more homogeneous system [3].

Table 4: Normality test

Tests of normality Sonication Shapiro-wilk
Statistic Df Sig.
Particle Size 2H 0.934 3 0.504
1H 0.908 3 0.413
Polidispersity Index 2H 0.878 3 0.319
1H 0.807 3 0.130
%Transmittance 2H 1.000 3 0.974
1H 0.998 3 0.923

a. Lilliefors significance correction

Normal distributed test data Sig Shapiro-Wilk above 0.05. The normality test is shown the significant results of Shapiro Wilk in all test groups show
sig values >0.05 so it can be concluded that the data characteristics water phase of snakehead fish extract nanoparticle is normally distributed.

Table 5: Independent sample t-test

Independent samples test Levene's test for

t-test for equality of means

equality of variances
F Sig. t df Sig. Mean Std. error 95% Confidence interval of
(2-tailed)  difference difference the difference
Lower Upper
Particle size ~ Equal variances assumed 4.832 .093 19.260 4 0.000 122.16667 6.34315 104.55526 139.77808
Equal variances not 19.260 2382 0.001 122.16667 6.34315 98.67127 145.66206
assumed
Polidispersi ~ Equal variances assumed .020 .893 -.360 4 0.737 -.01267 .03517 -.11032 .08499
ty index Equal variances not -.360 3993  0.737 -.01267 .03517 -.11039 .08506
assumed
% Equal variances assumed 1.937 236 -69.290 4 0.000 -6.18567 .08927 -6.43352 -5.93781
transmittan  Equal variances not -69.290  2.334  0.000 -6.18567 .08927 -6.52168 -5.84966
ce assumed

The results of the significance test are presented in table 5. The
analysis shows that, for the transmittance and particle size parameters
under the assumption of equal variances, the sig. value (2-tailed)
was<0.05. This indicates that, under the conditions of this study, there
is a significant difference between the transmittance and particle size
of 0.1% alginate subjected to 2 h of sonication compared to 1 h of
sonication. In contrast, the analysis of the polydispersity index under
the assumption of equal variances yielded a sig. value (2-tailed)>0.05,
indicating no significant difference between the polydispersity index
values of alginate nanoparticle formulations subjected to 2 h and 1 h of
sonication in this study conditions. Based on these statistical results, it
can be concluded that significant differences were observed in the
transmittance and particle size between snakehead fish extract
alginate nanoparticle formulations sonicated for 2 h and those
sonicated for 1 h. The optimal formulation, which produced alginate
nanoparticles from snakehead fish extract with good physical
characteristics, was F2 (sonicated for 2 h).

Based on these statistical results, it can be concluded that there is a
significant difference in transmittance and particle size between the
two formulations, but not in polydispersity index. The optimal
formulation for producing alginate nanoparticles from snakehead
fish extract was Formula 2 (sonication for 2 h), as it demonstrated
superior physical characteristics.

This can be attributed to the ultrasonication process, which uses
sound waves and vibrations to break down particle agglomerates into
smaller sizes. A longer sonication duration enhances the disruption of
bonds and promotes better dispersion of aggregates, resulting in
smaller and more uniform nanoparticles. In addition to being a simple
method, ultrasonication is also a rapid and efficient technique for
producing nanoparticles within the nanometer range [18].

Zeta potential

After conducting preliminary tests such as transmittance, particle
size test and polydispersity index, the optimal formula for alginate
(F2) was obtained so that further tests were carried out, namely zeta
potential. Zeta potential describes the condition of the surface

charge of nanoparticles, which is sufficient to cause repulsive forces
between the particles. A good zeta potential value of>+30 indicates
that the repulsion force is greater than the attractive force, thus
increasing the stability of the dispersion system. The result of zeta
potential of water phase snakehead fish extract nanoparticle with
polymer sodium alginate shows-24.6 mV (>+30 mV). A zeta potential
value of 24.6 mV indicates that the nanoparticle suspensions in all
formulations can be categorized as colloidal systems with moderate
physical stability. This suggests that the surface charge of the
droplets is predominantly anionic, contributing to a shift toward
negative zeta potential values. An optimal sonication time allows the
particles to be evenly distributed due to bond disruption and more
effective dispersion of aggregates, resulting in a more homogeneous
system. This promotes particle interactions that reduce aggregation;
however, the addition of stabilizers is still required to maintain the
stability of the nanoparticle system [4].

Nanoparticles morphology

SEM characterization is used to observe the morphology of a particle
[24]. SEM analysis was carried out on the optimized nanoparticle
powder of snakehead fish extract using alginate polymer (F2). At
5000x and 10.000x magnification, the nanoparticles appeared
coated but showed an irregular, non-spherical shape with rough
surfaces and visible aggregates (fig. 1). Ideally, nanoparticles should
be spherical to improve their ability to enter target cells. The
presence of aggregates may be caused by van der Waals forces,
which are stronger at the nanoscale due to the large surface area of
the particles. As a result, particles tend to stick together and form
clumps [25]. The uneven surface might be due to incomplete polymer
cross-linking during the formulation process and the adhesive
properties of albumin are influenced by charged amino acids, such as
lysine, which undergo electrostatic interactions that enhance its
adhesion [26]. This phenomenon may also occur because the freeze-
drying process imposes significant stress, affecting the stability of
colloidal nanoparticle suspensions, thereby making them susceptible
to aggregation or irreversible fusion between particles. Such issues can
be mitigated by the addition of protective agents, namely
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cryoprotectants such as trehalose, sucrose, glucose, and mannitol [7-
9]. Aggregation of nanoparticles during lyophilization is often driven
by freezing-and drying-induced stresses such as ice-crystal formation
and solute-concentration at ice-liquid interfaces, which promote

' 7 )
SU3500 10.0kV X5.00k SE - 10.0pm
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particle-particle contact and fusion. Cryoprotectants like sucrose or
trehalose act by forming a vitrified matrix or by shielding particles,
thereby reducing mechanical stress and isolation of individual
nanoparticles to mitigate aggregation [26].

Fig. 1: Nanoparticles morphology using SEM magnification of 5000x (a) and magnification of 10000x (b)

%Entrapment efficiency

A good nanoparticle delivery system has high absorption efficiency,
which is influenced by the drug's affinity with the nanoparticle-
forming polymer, polymer composition, molecular weight, and the
interaction between the drug and the polymer [9]. Absorption
efficiency (entrapment efficiency/EE) is used to evaluate the ability
of sodium alginate to protect active substances in nanoparticle form
[27]. For example, snakehead fish extract nanoparticles with 0.1%
sodium alginate sonicated for 2 h showed an absorption efficiency of
96.63%, which is considered good as it exceeds 80% [28]. A higher
EE value indicates a stronger bond between the carrier system and
the active substance, helping to protect it from environmental
degradation. Sodium alginate contains negatively charged carboxyl
groups that electrostatically interact with positively charged calcium
ions (Ca?*) from CaCl, forming an "egg-box" structure that
effectively entraps albumin molecules. The high entrapment
efficiency (>96%) demonstrates that sodium alginate is an optimal
polymer for albumin encapsulation. Converting albumin into
nanoparticle form enhances its therapeutic effectiveness due to the
smaller particle size, which allows faster drug penetration through
the stratum corneum, while encapsulation within sodium alginate
also extends the shelf life by protecting the protein from
degradation.

CONCLUSION

Nanoparticles formulated from Channa striata (snakehead fish)
extract using 0.1% sodium alginate and processed via
ultrasonication for 2 h demonstrated optimal physicochemical
properties. The formulation remained relatively stable over 7 days,
with minimal floating particles, slight turbidity, and a characteristic
odor of the extract of snakehead fish. The average % transmittance
was 99.406%, with a particle size of 483.266 nm, a polydispersity
index of 0.528, and a zeta potential of -24.6+0.294 mV, indicating
moderate stability. The entrapment efficiency was notably high at
96.63+0.11%. Scanning electron microscopy at 5000x and 10,000x
magnification revealed nanoparticles with a predominantly
spherical shape, dense structure, and rough surface.
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