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ABSTRACT

Mosquito transmitted diseases like malaria, dengue, and chikungunya keep on to pose serious communal health
challenges, highlighting the need for effective and safer mosquito control strategies. The current study aimed to formulate
and investigate essential oil-based mosquito repellent microemulsions as eco-friendly alternatives to synthetic repellents.
Essential oils of Ocimum basilicum and Citrus bergamia were extracted by hydro-distillation by means of a Clevenger
type apparatus and formulated into oil-in-water microemulsions using Tween 80 along with PEG 400. The formulations
were analyze for physicochemical properties, including appearance, homogeneity, pH, staining, and viscosity. Mosquito
repellent activity was assessed using a cage method, with mosquito attraction facilitated by sugar—yeast and lactic acid
solutions. All formulations exhibited good stability, transparency, and pleasant fragrance. Among them, the combined
formulation (F3) showed superior repellent efficacy, providing 100% mosquito repellency throughout the observation
period. The results indicate that essential oil-based microemulsions are effective, biodegradable, and promising
alternatives to conventional chemical repellents for personal mosquito protection.
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1. INTRODUCTION

Mosquitoes transmit health problem like malaria, dengue,
and chikungunya. Mosquito control and personal
protection are crucial for controlling these diseases. This
sort of sickness can be prevented by avoiding mosquito
bites. To avoid illness transmission, use an adequate insect
repellent. Mosquito repellents are compounds that make
the surface unpleasant for mosquitoes. Repellents block
lactic acid receptors, causing mosquitoes to lose touch.
Mosquito repellents are typically employed to skin or
surfaces to prevent mosquitoes landing. These compounds
contain both active and secondary elements that enhance
cosmetic appeal (Hallem et al., 2004; Mukesh, 2010).
Repellants, by definition, are chemicals that work locally
or remotely to prevent arthropods from flying toward,
settling on, or biting human or animal skin (or any surface
for that matter) (Choochote et al., 2007). The forms of
repellant present are cream, lotion, oils and aerosols.
(Dessai & Pangam, 2023).

Most commercial preparations contain N,N-diethyl-3-
methylbenzamide (DEET), which has been shown to
provide effective protection against mosquitoes. But these
type of chemical are toxic and can cause irritation to
skin/eyes, cough, and breathing problems hence not
biologically friendly. (Sritabutra & Soonwera, 2013)
Because a number of plant essential oils are spesific,
Environmentally ~ degradable  into  non-hazardous
metabolite, and have less impact on non-target creatures
and the environment, they are generally acknowledged as
significant natural supplies of insecticides. Plants such as
Eucalyptus citriodora, Syzygium aromaticum,
Cymbopogon nardus, Cymbopogon citratus, Curcuma
longa, Zingiber officinale, Azadirachta indica, Ageratum
houstonianum, Pogostemon cablin, Albizia amara,
Ocimum  basilicum, Citrus bergamia, Zanthoxylum
piperitum, Clausena anisata, and Vetiveria zizanioides
have been widely investigated for their potential insect
repellent properties (Pavela et al., 2009). In our present
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study, mosquito repellent activities of several plant species
were evaluated, with particular emphasis on the individual
and combined repellent efficacy of Ocimum basilicum and
Citrus bergamia.

2. MATERIAL AND METHOD

2.1 Material

Leaves and other plant parts which are required were
collected directly from the botanical garden of M.J.P.R.U,
(Bly), Uttar Pradesh and authenticated from Department of
plant science M.J.P.R.U All other chemicals which are
required were collected from department of pharmacy
M.JPR.U

2.2 Preparation and extraction
For extraction of essential oil hydro distillation was
carried out with the help of Clevenger type apparatus. The

Figure 1: Experimental setup for essential oil extractio

2.3 Formulation of mosquito repellent microemulsion

plant material was collected and dried at normal room
temperature for one to two weeks. The material was cut
into tiny pieces and hydro-distilled with the help of
Clevenger-type apparatus. (Clevenger, J. F. 1928). The
plant material was boiled with water in a round-bottom
flask. As heating continued, steam entrained the volatile
constituents and carried them upward. These vapors
entered the condenser, where cooling caused them to
condense into liquid form. The resulting mixture of oil and
water was collected in the Clevenger apparatus. Due to
immiscibility, the two liquids separated into distinct layers,
with the essential oil forming the upper layer and the
aqueous portion (hydrosol) settling at the bottom. This
process is repeated until the required amount of oil has
been extracted. Finally, the pure fragrance oil was
collected in a 2 ml airtight container and stored at 20 °C in
cool area. (Wanzala, Wycliffe, et al., 2013)

—

=

n using a Clevenger apparatus.

Table 1: Formulation concentrations of repellent microemulsions.

Component / Active

Formulation F1

Formulation F2

Formulation F3

ingredient (Ocimum basilicum) (Citurs bergamia) (Ocimum basilicum+
Citurs bergamia)
Essential oil (mL) 1.5 1.5 1.5+15
Tween 80 (mL) 3 3 6
PEG 400 (mL) 1 1 2
Pure distilled water g.s to 100 ml g.s to 100 ml g.s to 100 ml

2.4 Procedure

Pseudo-ternary phase diagrams were constructed at
ambient temperature using the phase titration technique.
(Kumar et al., 2011) Oil-in-water microemulsion were
formulated by selecting essential oil as the oil phase,
Tween 80 as surfactant, PEG 400 as co-surfactant, as well
as pure distilled water as the aqueous phase. Surfactant
and co-surfactant mixtures were formulated in different
ratios (1:1, 2:1, and 3:1). To each mixture, varying

amounts of oil (0.25-1.5 ml) were incorporated. The
resulting systems were subjected to magnetic stirring for 2
hours to ensure uniform mixing. Thereafter, 1 ml of
formulation was slowly titrated with 9 ml of pure distilled
water under continuous stirring until clear and
homogeneous microemulsion was produced. Lastly, the
samples were stored for 48 hours during the observation
period  (Changmai, Arabinda et al, 2019).
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Figure 2: Prepared mosquito repellent microemulsion formulations.

2.5 Evaluation and Characterization of microemulsion-
Based Mosquito Repellent

2.5.1 Organoleptic characteristics

An evaluation of Organoleptic parameters, including
appearance, color, and texture, was carried out, and the
results are summarized in Table 2. (Changmai, Arabinda et
al., 2019).

2.5.2 Determination of microemulsion by dye solubility
test

In this test, a water-soluble methylene blue solution was
added to the microemulsion formulation. Since the dye
dispersed uniformly on the surface, it confirmed that the
continuous phase of my microemulsion is aqueous,
indicating that the formulation is of the oil-in-water (O/W)
type. (Rathi M.N et al.,2022).

2.5.3 PH
The pH of a microemulsion was determined using the
automated pH meter. The meter was first calibrated with

standard buffer solutions. Afterwards, a sample of the
microemulsion was transferred to a clean container, and
the electrode was inserted into the sample. The pH reading
was recorded once it stabilized. Despite being alkaline in
nature, the pH value complies with all standard
requirements for microemulsion systems (Changmai,
Arabinda et al., 2019).

2.5.4 Staining Test

The mosquito repellent microemulsion was sprayed onto a
white cotton cloth, and the stain was checked after 5
minutes, 30 minutes, and 1 hour. None of the three
formulations caused any visible stains.

2.5.5 Viscosity

The microemulsion sample was carefully introduced into
the Ostwalt viscometer, and the flow time was measured.
The viscosity was then calculated based on the observed
flow time and the viscometer constants. (Changmai,
Arabinda et al., 2019).

Table 2: Evaluation of formulation.

Sr No. Evaluation F1 F2 F3
1 Physical appearance Transparent Transparent Transparent
2 Color Water-white Water-white Water-white
3 Homogeneity Homogeneous Homogeneous Homogeneous
4 ph 6.8 6.9 7
5 Stain Stain free Stain free Stain free

2.5.6 Particle size analysis

Particle size analysis of the formulations was carried out using Dynamic Light Scattering (DLS) employing a Malvern

Zetasizer.
Table 3: Particle Size Analysis by DLS — Formulation F1, F2 and F3
Parameter F1 F2 F3 (Ocimum basilicum +
(Ocimum basilicum) (Citrus bergamia) Citrus bergamia)
Instrument Malvern Zetasizer Malvern Zetasizer Malvern Zetasizer
Analytical technique (DLS) (DLYS) (DLS)
Dispersant Water Water Water
Measurement temperature 30°C 30 °C 30°C
Z-average particle size 79.93 nm 66.19 nm 48.38 nm
Polydispersity index (PDI) 1.000 1.000 1.000
Peak 1 (Intensity-based) 872.3 nm (66.0%) 769.0 nm (68.8%) 12.01 nm (30.6%)
Peak 2 (Intensity-based) 11.65 nm (27.7%) 12.14 nm (29.9%) 735.8 nm (69.4%)
Peak 3 (Intensity-based) 144.0 nm (4.9%) 5278 nm (1.2%) —
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Interpretation Nano-sized droplets Predominantly nano- Well-distributed nano-
with dominant larger sized droplets with sized droplets with reduced
aggregates minor aggregates aggregation
Result quality Good Good Good

Size Distribution by Intensity
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Figure 3: Intensity-based particle size distribution of formulation F1, F2 and F3 obtained using a Malvern Zetasizer.
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2.5.7 Zeta Potential Analysis

Table 4: Comparative Zeta Potential Analysis of Formulations F1, F2 and F3

Formulations

Parameter F1. (Ocimum F2. (Citrus | F3. (Ocimum basilicum +
basilicum) bergamia) Citrus bergamia)
Zeta potential (mV) —8.39 —9.78 —13.1
Zeta deviation (mV) 8.34 791 10.1
Peak 1 mean (mV) —5.70 —9.78 —5.59
Peak 1 area (%) 79.1 100 51.7
Peak 2 mean (mV) —214 — —21.2
Peak 2 area (%) 20.9 — 48.3
Conductivity (mS/cm) 0.0597 0.0597 0.0605
Result quality Good Good Good
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Figure 4: Comparative zeta potential distribution of formulations F1, F2, and F3 measured by electrophoretic light
scattering.

2.6 Mosquito Repellent Activity Assessment

2.6.1 Mosquito Collection & Handling
Mosquitoes were captured using a handmade butterfly net
and carefully transferred to a transparent, ventilated

container. To sustain them, cotton soaked in a 10% sucrose
solution was provided as a food source. (Das et al., 2007).

2.6.2 Determination of
Repellency

Collected mosquitoes were maintained without food for 24
h prior to testing. Twenty (20) mosquitoes were released
into a standard experimental cage measuring 60 X 60 X 60
for subsequent evaluation (Ranasinghe et al., 2016). Now
before evaluating the repellent microemulsion, a sugar—
yeast and lactic acid solution was sprayed to produce
carbon dioxide, thereby facilitating the attraction of
mosquitoes toward the cotton net (Smallegange et al.,

Percentage  Mosquito

Figure 5: Collection and Handling of Mosquitoes.

2010). Finally, the repellent microemulsion was sprayed
on all four sides of the cotton net, and the percentage
mosquito repellency was subsequently calculated using the
formula described by (Sutthanont et al., 2025; Khanna &
Chakraborty, 2018).

T % 100.
(o

Repellency (%) =

Where C = number of mosquitoes in the control.

T = number of mosquitoes treated.
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Figure 6: Mosquito activity assessment in the testing cage.

3. REPELLENCY OBSERVATIO RESULT

Table S: Repellency % of F1

Formulation | Time in min | No of Mosquitoes | Control | Treated | % repellency
F1 10 20 20 0 100%
F1 30 20 20 0 100%
F1 60 20 20 0 100%
F1 120 20 19 1 95%
Table 6: Repellency % of F2
Formulation | Time in min | No of Mosquitoes | Control | Treated | % repellency
F2 10 20 20 0 100%
F2 30 20 20 0 100%
F2 60 20 19 1 95%
F2 120 20 19 1 95%
Table 7: Repellency % of F3
Formulation | Time in min | No of Mosquitoes | control | Treated | % repellency
F3 10 20 20 0 100%
F3 30 20 20 0 100%
F3 60 20 20 0 100%
F3 120 20 20 0 100%
4. CONCLUSION

The present study demonstrated that essential oils
formulated as microemulsions exhibit significant mosquito
repellent activity. Microemulsion formulations containing
Ocimum basilicum and Citrus bergamia, both individually
and in combination, showed excellent repellency along
with good stability, transparency, and pleasant fragrance.
Among the tested formulations, the combined formulation
(F3) exhibited the highest and most prolonged repellency,
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