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ABSTRACT

There are various insects
which are harmful for
humans such as blackflies,
drosophila, mosquitoes,
cockroaches, fleas, rodents
etc. They are the vector of
harmful diseases such as
plague, river blindness,
dengue, malaria, sleeping sickness etc. among which mosquito is the major issue. In this study, Mosquitoes have been considered as model
insect. Mosquito borne diseases are very harmful for both human and animals. It can cause infection like dengue, malaria, chikungunya etc.
Thus, mosquito prevention is more important for today’s world because there is no vaccine, or any specific treatment developed for
mosquito borne diseases. Several insect repellents are available in market, like spray, gel, lotion etc. but they are based on synthetic repellent
like DEET, DEPA, DMP etc. Which are toxic and harmful to both human and environment. To avoid this, herbal materials can be utilized as
insect repellent. The essential oils are good choices in this regard. But they have less protection time against insects as compared to synthetic
repellent. Using encapsulation technology, the efficiency of essential oil can be enhanced against various insects. Here citronella and
eucalyptus oils were taken and encapsulated in solid lipid as well as in natural polymers. Encapsulated essential oils were mixed with marigold
floral powders and repellent pellets were formed. Repellency of the herbal pellets were tested against mosquitoes by Y-tube method in
laboratory condition. Results showed promising protection time for the mosquito. These pellets do not require to burn, no electricity is
required to get the essential oil vapours. Only keeping a pellet in a room gives good fragrance as well as insect protection by slow-release
diffusion method alone.
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INTRODUCTION vector of Dengue,® Anopheles is a vector of Malaria*® etc.
Generally male mosquito does not bite humans, female
mosquitoes bite and suck the blood of humans because they need
blood meal for the development of their eggs. Mosquito-borne
infections generally cause illness in tropical and subtropical areas
because mosquitoes can easily rear in such areas where open water
is stagnated like open sewage, lakes etc. Mosquitoes have
contributed enormous number of epidemics amongst the US and
foreign military during World War 11.% As in today’s world there
is no vaccine, or any specific treatment developed for mosquito

In today’s era mosquitoes are the biggest issue for every
tropical and sub-tropical country. Mosquito borne diseases are
very harmful for both humans and animals. Mosquitoes are the
vectors of several diseases such as Malaria,* Filariasis, Dengue,
Chikungunya? etc. There are a lot of species of mosquitoes
present in the world. Different species act as a vector of different
diseases in humans like Aedes aegypti and Aedes albopictus is a

*Corresponding Author: Prof. Arpita Bhattacharya borne diseases.”® Hence different countries’ populations take
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Sprays which are used to control mosquito population are used in
indoor houses that are recommended by the WHO. For outdoor
protection against mosquito’® some gels, lotions are available, but
these all are time specific as it contains a low volatile
compound.* Which provide protection on skin for a very little
time, and it slowly evaporates in the air. The other issues with the
lotion, gels and sprays are they are prepared by using chemical
repellents such as N, N-diethyl-3- methylbenzamide (DEET), N,
N-diethyl phenylacetamide (DEPA), dimethyl phthalate (DMP),
N, N-di ethyl benzamide (DEBA), allethrin etc. and are used in
the formulations? of lotions, sprays for protection against
mosquitoes but these are very harmful and non-biodegradable
chemicals.®® Which can affect humans as well as environment.
Their high exposure to the environment may damage the
ecosystem,* long exposure to the human may cause serious lung
diseases or lung damage and when applied at higher doses it may
cause discomfort, side effects on skin as well as can be toxic to
other parts of body. All repellents which are synthetic may cause
serious problems to humans and environment both'® to save
environment from such harmful chemicals, alternative is natural
materials can be used. Herbal repellent can be prepared by using
essential oils. It contains many chemical components that show
defensive mechanism to protect mosquitoes.'® There are different
essential oils like citronella oil, clove oil, lemon oil, eucalyptus
oil etc. which are used as an alternative of DEET due to repellent
efficacy against mosquitoes.” It is safe for the environment and
humans because it does not contain any harmful chemicals. But
the major problem is Essential oils are highly volatile. They can
evaporate in air within few minutes. Thus, in this work, a new
method of encapsulation with solid lipid and hydrophilic polymer has
been used for the development of repellent formulation using
essential oils.

MOSQUITOES BORNE DISEASES:

Mosquitoes are the vector of several diseases. They are
considered as a danger species for humans because they spread
many deadly diseases. Almost 700 million people become ill due
to mosquito borne diseases and about 1 million people have died
because of Mosquito Borne diseases.'® Due to global warming
the rate of infection has increased drastically because of the
explosive growth of mosquito borne diseases worldwide. Almost
3500 mosquito species are found in tropical and subtropical
regions of the world. There are some mosquitos borne diseases
which are spread in the world are Zika virus, West Nile virus,
chikungunya, Dengue, malaria.’® Generally female mosquito
sucks the blood for their egg development. In their lifespan, 1
female mosquito can take blood meal several times to complete
egg development. Mosquitoes are an agent or vector of
devastating human disease.? the most harmful diseases which is
spread by mosquito is Dengue and Malaria. From Dengue more
than 400 million people are infected. The dengue virus has been
a big worldwide problem since 1950. In an average case more
than 1/3 population are at risk of the Dengue infection. Another
most infected mosquito borne disease is malaria, and it is caused
by the plasmodium pathogen which is transmitted by anopheles
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mosquito. It is present in more than 100 countries. Malaria is one
of the dangers of mosquitoes borne disease.

Mosquito-borne diseases are a threat to humans. Thus, to control
mosquito borne disease the effective way is the control the
mosquito vector and prevention from mosquito bites. There are
various repellents to prevent from the mosquito bites and there
are various synthetic spray, electric trap or net etc. to control the
mosquito population. Generally, synthetic mosquito repellent is
used to prevent mosquito biting but the major problem with
synthetic repellent as it contains many harmful chemicals which
may cause irritation, long exposure could be bad for human
health as well as for our ecosystem.?

Table 1: Various methods to control mosquitoes
Chemical method | Non-chemical Biological method
method

DEET, HIT,
Citronella Qil,

Mosquito  Net, | Few  Fishes are
Mosquito  Trap, | growing in the ponds,

Neem Oil, Clove | Electronic lakes any open area so
QOil, Eucalyptus Oil | Mosquito that they feed the
Rackets, Mosquito larvae

Mosquito Band

Few other methods are used to control mosquitoes; like fogging
but it’s a temporary method and very harmful for health of many
bugs that are unwanted, and they are badly affected due to
fogging, it’s a solution which contains 0.5% pyrethrins and 5.0%
piperonyl butoxide. It also called as the most effective natural
mosquito repellent.??

There are various synthetic chemicals available in the market in
the form of cream, gel, lotion, spray, coil etc. But there is no such
100% natural repellent is used for the protection of mosquito bite.
There are many natural oils are repulsive for mosquito but still not
used because of their high volatility. Such oils are eco-friendly and
do not harmful for humans. There are many essential oils that can
be used as a mosquito repellent such as citronella oil, eucalyptus
oil, neem oil, clove oil etc.

ESSENTIAL OILS FOR MOSQUITO REPELLENT:

Essential oils are volatile naturally occurring from plants. It
has a strong odor and formed by aromatic plants. They are liquid,
non-colored, lipid soluble and have lower density than water.
There are 17,500 aromatic plants and approx. 3000 essential oils
are present, in which 300 oils are used in pharmaceuticals,
cosmetics, and perfume industries. Some essential oil is extracted
from plants such as neem oil, clove oil, eucalyptus oil, and
citronella oil have repellent activity against mosquitoes. These oil
contain metabolites like alpha-pinene, cineole, eugenol,
limonene, camphor, citronellal, thymol is the common
constituent in the essential oils which repel the mosquito.?®
Mosquitoes have hairs on their antennas they are temperature and
moisture sensitive. The essential oil interacts with the female
mosquito olfactory receptors and block the sense of smell of the
mosquito.?*

Essential oils are good to prevent mosquitoes and do not have
any effect on humans but due to their volatility because when oils
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are applied on skin, they evaporate within few minutes but if,
their effective time will increase then it will be a good repellent
for protects from mosquitoes. Thus, a new Technique that is solid
lipid nanoparticle is used to increase their effective time. The
repellent pellet is formulated with two essential oils that are
citronella oil and eucalyptus oil. Both essential oils are effective
on mosquitoes.

MATERIALS REQUIRED

Chemicals:

Citronella oil, eucalyptus oil, hexane, stearic acid, sodium
alginate, polysorbate, calcium chloride, distilled water, marigold
powder, rose powder, starch powder

Apparatus:

Beaker, vacuum oven, centrifuge, magnetic beads, magnetic
stirrer, dropper

Procedure:

Aqueous Phase Organic Phase

ek
4

Emulsion

Cross- linker

¥

Encapsulation of Oil

.

Repellent Pellet

Centrifuge + Floral

Flow Chart to Describe the Formulation of Repellent pellet.

Encapsulation Methodology
Hydrophilic polymer coated on solid lipid encapsulated
essential oils were prepared using Citronella oil, eucalyptus oil
and mixture of citronella and eucalyptus oil (1:1) separately.
Stearic acid was used as model solid lipid and sodium alginate
was taken as hydrophilic polymer. Emulsion — cross linking
technique was used for encapsulating the essential oils.
For Aqueous Phase:
3% sodium alginate solution was prepared in distilled Water.
For organic phase:
o stearic acid (solid lipid) was added in hexane
o After dissolving solid lipid in Hexane, Essential oil was added
to organic phase.
e Thus prepared organic phase was poured in above prepared
aqueous phase.

For emulsion

Organic phase and aqueous phase was mixed in presence of
Tween 80 under stirring when stable O/W emulsion (Figure 1)
was formed. Stirring was continued for an hour.
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Figure 1: Laboratory preparation for an Emulsion

Figure 2: Crosslinking of Emulsion

For cross linking:

e 5% calcium chloride solution was used as the cross linking
agent of aqueous polymer solution.

e Cross linking was performed by adding dropwise emulsion
in the CaCl2 solution. When White beads were formed
after adding dropwise emulsion in the calcium chloride
solution (Figure 2).

e Sodium Alginate was converted into calcium alginate
after cross linking (Figure 3).

Figure 3: Encapsulated Oil in Calcium alginate

For pellet formulation:

o Solid lipid nanoparticle was centrifuged at 7000rpm for 10
minutes.

o After centrifuge the solid nanoparticle and liquid were
separated from the mixture.

e Starch solution was prepared by adding 2.5 g of starch in the
15 ml water.

o Further, solid nanoparticles were weighed and transferred into
a clean, dry pestle and mortar. And crushed in it (Figure 4).

Figure 4: Crushing Solid Lipid Nanoparticle in the mortar and
pestle

® Marigold and rose powder were added in the solid
nanoparticle.

® Powder of marigold and rose mixed well in the solid
nanoparticle and starch solution was added for binding
(Figure 5).

Mater. NanoSci., 2025, 12(1), 1181 Page 3 of 6



Figure 5: Mixture for Pellet Formulation

®  After preparing the pellet, dried in the vacuum oven
for 2 hours (Figure 6).

®  Dry and wet mass of pellets are given in Table 2.

T -

Table 3:

Particle size of different encapsulated repellent oil beads

Figure 6: Pellet prepared using essential Oil

Table 2: Average wet and dry weight of Repellent pellet

S. Quanti | Average Averag | Total
no | Repellen ty of weight e pieces
t Cross- | obtained weight | ina
linked after (g) of quanti
Pellet . . .
Emulsi | Centrifugatio | pellet ty
on (in n(g) (per
ml) piece)
1. | Citronell | 40 26.8 25-3.0 | 10
a
2. | Eucalypt | 40 25 2.2-3.0 | 10
us
3. | Citronell | 40 314 1.6-3.0 | 10
a-+
Eucalypt
us
CHARACTERIZATION

Dynamic light scattering (DLS):

Particle size distribution of prepared encapsulated oil beads
was checked using dynamic light scattering (DLS) using Malvern
instruments (Zetasizer Nano S-90). The light source used in the
instrument was He—Ne laser light having a wavelength of 633 nm
and a scattering angle fixed at 90°. The particles size obtained
from all three types of encapsulated oil beads are given in Table
3.
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s.no Particle Size of Particle
Encapsulated Oil beads Size(nm)
1. Citronella 393
2. Eucalyptus 216
3. Citronella + Eucalyptus 167
Size Dsvibution by Intensiy
s
£, .. |
%,
3 :
= i
| :
uD! 1 10
Sizw (d.nm)
Saw Dimirtuton by ey e DheThudzn 5p vy
e T Il IR
b 2 .
b / ¥ ¥
ﬂ’.! ,—‘-—c"""'—'—; - "";" ""‘"\'m o 1 1 0 o 1000

o o)

San e

Figure 7: DLS Analysis of 1: Citronella Oil Encapsulated Beads,
2: Eucalyptus Oil Encapsulated Beads, 3: Citronella Oil +
Eucalyptus Oil Encapsulated Beads

Y- Tube olfactometer:

Y- Tube Olfactometer is equipment which is used to test the
behavioral response of the mosquito in the two arms of Y-tube. In
this equipment there is a y tube in which 3 different zones are
present. The Y- tube olfactometer was primarily utilized to assess
the impact of different repellent pellets of essential oils against
Anopheles (Mosquito). The test was performed in Y-tube
olfactometer having dimension of 17cm of each arm and
diameter 1.3 cm. Anopheles (Mosquito) was introduced in the Y-
tube for repellency test. The test was performed in a room with a
temperature of 25 to 27° C and 65% to 75% RH. 0.2 gram of all
3 different repellent pellets i.e., citronella oil pellet, eucalyptus
oil pellet and citronella+ Eucalyptus oil pellet were kept on
Whatman filter paper card (1.5 cm x 1.5 cm) which served as
source while similar filter paper card with 0.2-gram pellet without
containing any essential oil served as a control. Source paper card
was inserted in one arm and control paper card was inserted in
another arm of Y- tube Olfactometer. The third lower arm of the Y-
tube olfactometer served as the entry point for mosquito. Constant
flow of air was maintained using air flow meter through the end
part of the tube in all the 16 replication tubes. for every pellet 16
repellency tests were done. Automatic test was done on the Y-
tube olfactometer by using software and in manual 5 replication
tubes were arranged for observation and the position of mosquito,
for 2 minutes interval of the 10 minutes duration of the assay was
recorded and tabulated after tabular Formed Average was used
for the Graph of repellency Test.
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Figure 8: Y- Tube with having pellet and Insect

DISCUSSION

The repellency data obtained from Y-tube olfactometer for

different pellets against mosquitoes is given in Table 4.

Table 4: Result average in Percentage of the different repellent
pellets against the Mosquito.

Percentage(%) Availability of Mosquite

]

S.no Pellet Source (%) | Control (%)

1. Citronella 40 60

2. Eucalyptus 36.3 63.6
Citronella + Eucalyptus 5 95

2

B o2 s £ 2 3 8B 8

-

1 [

Source Contrel Source control

tage (%)

Source

Figure 9: Graph Shows the Response of the 1: Citronella Pellet
against the Mosquito, 2: Eucalyptus Pellet against the Mosquito, 3:
Citronella+ Eucalyptus Pellet against the Mosquito

CONCLUSION

From the above results, it can be concluded that Herbal

repellent pellets were successfully prepared using essential oils
like. citronella oil, eucalyptus oil, and mixture of both. For
encapsulation of essential oils, alginate modified solid lipid
nanoparticles proved to be an efficient carrier system for
prolonged repellency against mosquitoes. Essential Oil based
repellent pellet can be used effectively to keep away the
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mosquitoes. The advantage of the developed pellets is that these
are non-toxic, eco-friendly and cost effective. These pellets
neither require any electricity nor ignition to show the mosquito
repellency.
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