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ABSTRACT

The preparation of emulsification by low-energy phase inversion is an appropriate method for providing a nanosuspension of Lantana
camara Ethyl Acetate Fraction (EAF) dispersed in water. In the formulation, the challenge faced is preventing the re-agglomeration of
nanosuspension and stabilizing the formula over the storage period. This study reports the preparation of the L. camara EAF in water
media using a low-energy phase inverse emulsion method with the modification of ultrasonic applications. The low-energy ultrasonic
application effectively breaks the larger clusters of L. camara EAF suspension into a nanosuspension, allowing for a 77% increase in
the distribution of primary size particles (8.3 + 1.3 nm) and receiving a higher fraction of nano sized particles dispersed in the water
solvent. It showed by the increase of zeta potential and the reduction of index polydispersity (Z = -8.5 mV, PI = 0.665) after sonicated.
Optimal ultrasonication of the prepared L. camara EAF nanosuspension is achieved with a 50% amplitude vibration maintained for
60 minutes, which can effectively control the nano-size particle dispersion as well as improve the stability of the suspension. The
L. camara EAF nanosuspension also maintained stability over the 60 days of storage with re-stirring and re-ultrasonic agitation. The
effective ultrasonic application was critical in controlling the size distribution and stability of the prepared L. camara EAF

nanosuspension through low-energy emulsification.
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1. INTRODUCTION

Emulsification techniques are employed in biopesticide
formulations to ensure optimal efficacy [1-2]. Among these
techniques, ultrasonic homogenization is considered an
energy-efficient method for dispersing solid or insoluble
bioactive compounds within an aqueous system via reverse
emulsion [3-4]. Compared to high-pressure homogenizers,

the low-energy method utilizing high-intensity
ultrasonication is favored due to its environmental
friendliness and cost-effectiveness. Moreover, the

mechanical agitation induced by ultrasonication facilitates
the creation of fine and stable emulsion droplets [2-3].In a
previous study, we employed low-energy phase inversion
emulsification for L. camara EAF [5]. Tween 80 served as
the surfactant, with appropriate variations in the organic-
phase composition, resulting in a higher fraction of
nanosized particles dispersed in the aqueous system. To
address this issue, it is essential to investigate suitable
ultrasonication treatments to enhance the stability of the
emulsion.

Studies on nanofluid preparation using various
ultrasonication processes have identified specific
treatments to achieve optimal emulsion stability, such as
optimizing the duration and amplitude of ultrasonication
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[6]. It has been emphasized that controlling the
ultrasonication period is crucial for enhancing mechanical
performance by breaking agglomerations and improving
particle dispersity [6-7]. The effectiveness of a biopesticide
formula is also influenced by its storage stability [8]. During
storage, the formula may encounter various instability
mechanisms, such as re-agglomeration, flocculation, and
phase separation, which can affect its performance in
emulsion-based products [2]. Therefore, efficient
emulsifiers and mechanical agitation are necessary to
produce a stable emulsion [9]. Additionally, it is important
to monitor the stability of the L. camara EAF
nanosuspension throughout the storage period.

Therefore, studies were conducted to investigate the
particle distribution and stability of L. camara EAF
nanosuspension under various ultrasonication treatments
to determine the optimal conditions for reverse
emulsification. Additionally, the research aimed to assess
the particle distribution and stability of L. camara EAF
nanosuspension over time during storage. Ensuring the
stable performance of L. camara EAF nanosuspension in an
aqueous system could enhance its efficacy against target
insect pests and support the formulation of an efficient and
cost-effective biopesticide.
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2. MATERIALS AND METHODS
2.1. Materials

Lantana camara was obtained from the Arboretum of
Universitas Padjadjaran, Jatinangor, West Java, Indonesia.
Ethanol was purchased from Merck (EMSURE®, 99.9%),
and n-hexane, ethyl acetate, and Tween 80 were purchased
from Bratachem (Bandung, Indonesia).

The crude extract was prepared from L. camara leaves,
which were macerated in 95% ethanol for 3-5 days. The
filtrate was then evaporated using a vacuum evaporator
(Buchi®-R-300) at 45°C and 100 atm to obtain a paste-like
crude extract. The L. camara Ethyl Acetate Fraction (EAF)
was obtained from the ethyl acetate partition (semi-polar
solvent), which had previously been partitioned with non-
polar compounds using n-hexane.

The L. camara EAF nanosuspension was prepared using the
phase inversion emulsion method [5, 11]. The composition
of the surfactant (Tween 80) and the L. camara EAF
(insoluble liquid) represents the respective surfactant and
organic phase (SOR 9, 11, 12, 14). Variations in SOR
composition and the preparation procedure of L. camara
EAF nanosuspension, based on the reverse emulsion
method [5].

2.2. Characterizations

The particle size distribution and dispersion stability of the
L. camara EAF nanosuspension were characterized using
dynamic light scattering for particle size and zeta potential
analyze (HORIBA® SZ-100) at 25°C. Ultrasonication
treatment was performed using a Fischer®-100 device with
a power input of 240 W, 2 A, and a frequency of 50 kHz. The
effect of sonication on the nanosuspension was examined at
various ultrasonic vibration amplitudes (0%, 25%, and
75%) and at different sonication times (0, 30, 60, 120, and
180 minutes). The optimal sonication treatment was
identified for standard application. Furthermore, the
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Figure 1. Comparison of the mean diameter size distribution and
polydispersity index (PI) of L. camara EAF SOR 11 before and
after ultrasonic treatments
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L. camara EAF nanosuspension was stored in a container
shielded from light exposure at room temperature (25°C).
The size distribution and stability of the L. camara EAF
nanosuspension were monitored at 0, 15, 30, 45, and
60 days of storage to assess its stability against
sedimentation. Re-sonication was performed to re-disperse
the nanosuspension stored for 30 and 60 days, treated with
additional sonication to break up and re-disperse the
agglomerated suspension.

3. RESULTS AND DISCUSSION

3.1. Comparison of Particle Distribution and Stability
of L. camara EAF Suspension Before and After
Ultrasonic Agitation

Ultrasonic agitation was essential for dispersing the
suspension during emulsification. In this study, L. camara
EAF SOR 11 and ultrasonic agitation were applied according
to the reverse emulsion method [5]. The particle size
distribution was observed before and after ultrasonic
treatments. The results indicate that ultrasonic treatment
effectively breaks up the agglomerate suspension of
secondary particle clusters of L. camara EAF post-emulsion,
leading to a 77% increase in the distribution of primary-
sized particles (8.3 £ 1.3 nm) and improved dispersion of
particles in the nanosuspension (PI = 0.589) (Figure 1).

3.2. Distribution of Particles and Stability of L. camara
EAF Nanosuspension with Varying Ultrasonication
Agitation

The test results of various sonication amplitude treatments
were 0%, 25%, and 50% (Figure 2), showing
ultrasonication at 50% vibration amplitude is optimal for
breaking up agglomerates, resulting in the smallest mean
diameter size (79.43 + 17.85 nm) and the highest observed
zeta potential (Z=-8.3+1.07 mV) compared to other
amplitudes. However, the mean diameter size rises again at
75% vibration amplitude.
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Figure 2. Mean particle diameter and zeta potential of
EAF. L. camara SOR 11 with varying vibration amplitudes
modified by ultrasonic treatments



This increase in particle size at 75% amplitude may be
attributed to the excessive cavitation energy generated at
higher vibration intensities. Although ultrasonic cavitation
is essential for de-agglomeration, an excessively high
amplitude can induce unstable acoustic streaming and
localized overheating, which promote particle collisions
and re-aggregation. Such conditions may also disrupt
interactions between particles and stabilizing agents,
reducing overall dispersion stability. Consequently, the
efficiency of particle size reduction becomes sub-optimal
beyond the optimal amplitude threshold [11].

Furthermore, ultrasonic treatment at a 50% vibration
amplitude was conducted to observe the effect of various
sonication times (0, 30, 60, 120, and 180 minutes) on the
mean particle diameter of the suspension. The results
indicate that a sonication time of 60 minutes was optimal
for breaking up agglomerates, resulting in the smallest
mean diameter size (71.7 +18.1 nm) and the highest
observed zeta potential (Z=-8.7 + 0.85 mV) compared to
others. However, the mean diameter size slightly increased
at 120 minutes of sonication. Therefore, it is noted that
higher vibration amplitudes (>50%) and sonication times
longer than 60 minutes can lead to re-agglomeration of the
EAF nanosuspension (Figure 3).

The fact that sonication amplitudes above 50% and
durations longer than 60 minutes lead to re-agglomeration
indicates the existence of an optimal threshold in the
ultrasonication process of L. camara EAF nanosuspensions.
Excessive ultrasonic energy may disrupt particle stability,
promote collisions, and weaken interactions with
stabilizing agents, resulting in particle re-agglomeration.
This highlights the importance of carefully optimizing
processing parameters to produce stable nanoparticles
efficiently for formulation purposes.

Ultrasonic vibration is one of several techniques used to
break up particle clusters when preparing a stable colloidal
system [12]. Particle clusters need to be reduced to finer
sizes (nano-size) because the nanoscale particles are more
stable due to their low mass. However, if the particles
aggregate, they will rapidly sediment due to gravitational
attraction [13]. Therefore, ultrasonication at 50%
amplitude for 60 minutes was effectively applied to prepare
the L. camara EAF nanosuspension. This process
successfully controlled the particle size distribution and
slightly increased the zeta potential of the nanosuspension.

3.3. Stability of L. camara EAF Nanosuspension After
Ultrasonication During Storage Time

The L. camara EAF nanosuspension, modified by
emulsification with SOR and ultrasonication, improved
particle dispersion and wettability on the surface of
cabbage leaves. Another challenge is to confirm that the
formula remains stable for re-use after prolonged storage.
Therefore, particle size distribution and dispersion were
characterized after a shelf-life period. In this study, the
optimal formula of L. camara EAF SOR 11 was used, and the
results are presented in Figures 4 and 5.
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Figure 4. Distribution of mean particle diameter and
Polydispersity Index (PI) of L. camara EAF nanosuspension
(SOR 11) at 15-day intervals over a 60-day storage period
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Figure 5. Plot of mean particle diameter size and zeta potential of
L. camara EAF nanosuspension (SOR 11) during storage duration
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Agglomeration of the L. camara EAF SOR 11
nanosuspension occurred, particularly in the clusters of
secondary particles, after 60 days of storage. However, the
primary particles remained relatively stable within the
nano-size range (8.0-9.6 nm). The percentage of primary
particle distribution gradually decreased by 9% (from 70%
to 61%), and the secondary particles increased by 15%
(from 24% to 39%), indicating re-agglomeration of nano-
sized particles into clusters of secondary particles (micro-
sized suspension) (Figure 4).

However, the particle size plot shows that the average mean
diameter of L. camara EAF remains below the sub-micron
size (< 0.5 um) even after 60 days of storage (Figure 5).

In general, the surface area of particles contributes to the
total surface energy, causing particles to agglomerate to
minimize this energy [14]. This tendency to agglomerate
aims to achieve stability, as evidenced by the decreasing
average zeta potential (from -8.5+0.78 mV at 0 days to
-1.9 £ 0.78 mV at 60 days). Particle dispersions with a zeta
potential of less than * 25 mV are likely to agglomerate
eventually [7]. Ultrasonic vibration is an effective method
for maintaining the stability of nanosuspension [12].
Therefore, treatments involving stirring and
ultrasonication are necessary to ensure formula stability
during storage.

3.4. The Effect of Stirring and Ultrasonication on the
Stability of Particle Diameter Size in L. camara EAF
Nanosuspension at Different Storage Times

After 60 days of storage, L. camara EAF SOR 11 showed a
tendency for larger particle clusters to agglomerate, as
evidenced by an increase in the polydispersity index. After
60 days of storage, L. camara EAF SOR 11 showed a
tendency for larger particle clusters to agglomerate, as
evidenced by an increase in the polydispersity index. To
overcome this, mechanical agitation, such as re-stirring or
re-ultrasonication, is necessary to redisperse the
agglomerated particles. Re-ultrasonication treatment was
conducted using the optimal setting of 50% vibration
amplitude for 60 minutes to restore particle dispersion.

Stirring for 30 minutes was applied based on a standard
method from a previous formulation study, where it was
shown to be effective in re-dispersing similar
nanosuspensions. Therefore, alternative stirring durations
were not examined in this study. The results demonstrate
that mechanical agitation, consisting of stirring and re-
ultrasonication applied at 30-day intervals, can effectively
restore the nanosuspension to its initial condition (day 0),
as indicated by a reduction in mean particle diameter and
polydispersity index (PI) following these treatments
(Figure 6).

The formula's relatively stable condition is demonstrated
by the average mean diameter size reduction and the zeta
potential increase following stirring and ultrasonication on
days 30 and 60 (Figure 7).
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Figure 6. Comparison of mean diameter size distribution and
polydispersity index (PI) of L. camara EAF suspension (SOR 11)
before and after storage (0, 30, and 60 days) with re-stirring and
re-ultrasonication treatments
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Low-energy emulsification methods utilize lower internal
chemical energy, generally producing small particle sizes
with simple stirring [15]. Ultrasonication is an effective
technique for achieving suspension stability, as it helps
prevent the formation of particle clusters and ensures
dispersed nanosuspension [12]. Therefore, in addition to
the role of surfactants with suitable composition, stirring
and ultrasonication are key factors in maintaining the
stability of L. camara EAF nanosuspension.

4. CONCLUSION

Ultrasonication proved effective in regulating particle size
distribution, promoting re-dispersion, and improving the
overall stability of the nanosuspension. The treatment
resulted in a 77% increase in the proportion of primary-
sized particles (8.3 +1.3nm) and a greater fraction of



nanoparticles stably dispersed in the aqueous medium
(Z=-8.5mV; PI=0.665). Mechanical agitation, consisting
of 30 minutes of stirring followed by ultrasonication at 50%
amplitude for 60 minutes, was identified as the optimal
method for dispersing L. camara EAF nanosuspension. This
combined approach effectively restored the agglomerated
suspension to a dispersion state similar to that observed
after 60 days of storage, as indicated by the reduction in
particle size from 311.6+385.2 nm (PI=0.909) to
79.6 +128.2 nm (PI=0.603).

ACKNOWLEDGMENTS

The author acknowledges the Ministry of Education and
Culture of Indonesia and the Directorate of Research and
Community Services of Universitas Padjadjaran for financial
support under the Academic Leadership Grant (ALG) and
Riset Percepatan Lektor Kapala (RPLK) Grant
No.1633/UN6.3.1/PT.00/2024. The author also extends
sincere gratitude to Prof. Made Joni, Chair of Functional
Nano Powder University Center of Excellence, Universitas
Padjadjaran, for his invaluable expertise, insightful reviews,
and dedicated mentorship throughout the research and
manuscript preparation process.

REFERENCES
[1] Gupta, A.Z. M. Badruddoza, and P. S. Doyle, “A General
Route for Nanoemulsion Synthesis Using Low-Energy
Methods at Constant Temperature,” Langmuir, vol.
33, no. 28, pp. 7118-7123, Jul. 2017, doi:
10.1021/acs.langmuir.7b01104.

G.Li, K. Wang, and C. Lu, “Spontaneous Agglomeration
of Fluorinated Janus Particles and Its Effect on the
Adsorption Behavior of Oil-Air Surfaces,” Frontiers in
Chemistry, vol. 8, Jan. 2021, doi: 10.3389/fchem.2020.
602424.

T. Guhra, T. Ritschel, and K. U. Totsche, “The
mechanisms of gravity-constrained aggregation in
natural colloidal suspensions,” Journal of Colloid and
Interface Science, vol. 597, pp. 126-136, Sep. 2021,
doi: 10.1016/j.jcis.2021.03.153.

[4] L M. Mahbubul, “3 Stability and Dispersion
Characterization of Nanofluid,” in Preparation,
Characterization, Properties and Application of
Nanofluid, 1. M. Mahbubul, Ed. William Andrew
Publishing, 2019, pp. 47-112. doi: 10.1016/B978-0-
12-813245-6.00003-4.

A. Priyadarshi et al, “Mechanisms of ultrasonic de-
agglomeration of oxides through in-situ high-speed
observations and acoustic measurements,”
Ultrasonics Sonochemistry, vol. 79, p. 105792, Nov.
2021, doi: 10.1016/j.ultsonch.2021.105792.

M. Kumar, R. S. Bishnoi, A. K. Shukla, and C. P. Jain,

[5]

487

[7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

International Journal of Nanoelectronics and Materials (IJNeaM)
Volume 18, No. 3, July 2025 [483—487]

“Techniques for Formulation of Nanoemulsion Drug
Delivery System: A Review,” Preventive Nutrition and
Food Science, vol. 24, no. 3, pp. 225-234, Sep. 2019,
doi: 10.3746/pnf.2019.24.3.225.

Ozturk and D. ]. McClements, “Progress in natural
emulsifiers for utilization in food emulsions,” Current
Opinion in Food Science, vol. 7, pp. 1-6, Feb. 2016, doi:
10.1016/j.cofs.2015.07.008.

F. Hernandez-Tenorio, A. M. Miranda, C. A. Rodriguez,
C. Giraldo-Estrada, and A. A. Saez, “Potential
Strategies in the Biopesticide Formulations: A
Bibliometric Analysis,” Agronomy, vol. 12, no. 11, p.
2665, Oct. 2022, doi: 10.3390/agronomy12112665.
A. Kumar and C. K. Dixit, “3 Methods for
characterization of nanoparticles,” in Advances in
Nanomedicine for the Delivery of Therapeutic Nucleic
Acids, S. Nimesh, R. Chandra, and N. Gupta, Eds,
Woodhead Publishing, 2017, pp. 43-58. doi:
10.1016/B978-0-08-100557-6.00003-1.

[ M. Mahbubul, E. B. Elcioglu, M. A. Amalina, and R.
Saidur, “Stability, thermophysical properties and
performance assessment of alumina-water nanofluid
with emphasis on ultrasonication and storage
period,” Powder Technology, vol. 345, pp. 668-675,
Mar. 2019, doi: 10.1016/j.powtec.2019.01.041.

M. Melanie et al, “Antifeedant activity of Lantana
camara nano suspension prepared by reverse
emulsion of ethyl acetate active fraction at various
surfactant organic-phase ratio,” Biocatalysis and
Agricultural Biotechnology, vol. 29, p. 101805, Oct.
2020, doi: 10.1016/j.bcab.2020.101805.

A. Perazzo, V. Preziosi, and S. Guido, “Phase inversion
emulsification: ~ Current  understanding and
applications,” Advances in Colloid and Interface
Science, vol. 222, pp. 581-599, Aug. 2015, doi:
10.1016/j.cis.2015.01.001.

S. M. M. Modarres-Gheisari, R. Gavagsaz-Ghoachani,
M. Malaki, P. Safarpour, and M. Zandi, “Ultrasonic
nano-emulsification A review,” Ultrasonics
Sonochemistry, vol. 52, pp. 88-105, Apr. 2019, doi:
10.1016/j.ultsonch.2018.11.005.

A. Taha et al, “Ultrasonic emulsification: An overview
on the preparation of different emulsifiers-stabilized
emulsions,” Trends in Food Science & Technology, vol.
105, pp. 363-377, Nov. 2020, doi: 10.1016/
j-tifs.2020.09.024.

S.Kala, N. Sogan, A. Agarwal, S. N. Naik, P. K. Patanjali,
and J. Kumar, “Chapter 18 Biopesticides:
Formulations and Delivery Techniques,” in Natural
Remedies for Pest, Disease and Weed Control, C.
Egbuna and B. Sawicka, Eds., Academic Press, 2020,
pp. 209-220. doi: 10.1016/B978-0-12-819304-
4.00018-X.



