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Abstract: Day after day, the risk of contracting diseases caused by mosquitoes increased, so studying
how to avoid mosquito bites was of great importance. This is done by using a mosquito repellent directly
on the skin or applying it to textiles, which are chemicals or natural substances that affect mosquitoes
by inhibiting and repelling them. This material is applied by the microencapsulation method,
cyclodextrin applications, emulsion, or direct application method.
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1. Introduction
Cotton, flax, jute, ramie, and sisal are natural vegetable polymeric cellulose fibers [13]. They are excellent natural materials that have been widely used in many fields, especially
in the textile industry. These fabrics have good water ability, softness, hygroscopicity, natural
durability, and less electricity. It can also be processed to give it a wide variety of colors due
to its ability to be dyed in multiple ways, and It would be beneficial to impart high-performance
properties to natural fibers to functionalize the natural fibers absorption and/or penetration of
functional polymeric materials onto/into the fiber surface [4-12].
Insect bites have harmful effects, irritation and illness. The less severe effect is a simple
irritation, swelling, and pain that sometimes come from bites by insects such as mosquitoes.
These bites can become irritated, and the locations of the bites may become red and swollen in
some instances [13]. Due to the infectious diseases transmitted by mosquitoes, hundreds of
thousands of people die every year, and malaria is one of those diseases. By ongoing study and
discovery of global scientific Researchers, mosquito-repellent textiles have been found and
research is being conducted to develop them [14,15].
Repellents have an important role to play in different anti-mosquito products, while not
quite used, they are essential raw materials for the manufacture of different anti-mosquito
products [14]. Protection from a mosquito can be achieved by applying insect repellent like N,
N-diethyl-meta-toluamide (DEET) directly on the skin or in combination with textile
containing permethrin [16].

3181

https://doi.org/10.33263/LIANBS111.31813190

2. Mechanism of Repellent Action
Carbon dioxide, lactic acid, skin temperature, and moisture are among the most
important mosquito attractants. Insects use warm and humid convection rising from the human
body as a guide for approaching humans. The action of mosquito repellents can be broadly
divided into two categories-action on their olfactory senses and action on their tactile senses.
The repellent's function is called transpiration repelling. It stops the insects from reaching a
surface treated with the repellent [16]. The repellent molecules block the humidity sensory
holes of the insects, making humans inaccessible to insects by inhibiting the function of sensing
moisture. The action of the repellent stimulating sense of touch is called direct contact repelling
and this drives insects off the processed surface before bloodsucking, even after touching the
surface. It is believed that repellent substances work on the peripheral nervous systems of
insects [17,18]. When contact is made, it causes a collaterally expressed confusional state and
inhibition under sublethal doses before knockdown and lethal action. Thus, understanding how
insect repellents work and how these chemicals interact with odors will allow the design of
potential combinations that interfere with insects' sensory signals and ultimately disrupt their
perceptual processes. Several chemicals have proven that mosquitoes are repelled [16].
3. Types of Insect Repellent Finishes
3.1. Synthetic Repellents.
3.1.1. DEET.

DEET (Figure 1) is a slightly yellow oil and is the most common active ingredient in
many insect repellent products. Products containing it currently are available to the public in
various liquids, lotions, sprays, and impregnated materials [16,19]. It is intended to be applied
on the skin or clothing and protects against mosquitoes. However, more recent evidence shows
that DEET serves as a true repellent in that mosquitoes dislike the smell of this chemical [16,1921]. DEET showed a strong repellent activity in the absence of body odor attractants in a
behavioral test. Even though it's considered the most widely used mosquito repellent, it seems
to have some health risks and isn't recommended for children under two minutes months of
age, while we should exercise caution with it, especially the children and pregnant women [16].
3.1.2. Picaridin.

Picaridin [1-piperidinecarboxylic acid 2-(2-hydroxyethyl)-1-methylation-lester]
(Figure 1) is one of insect repellent effective against mosquitoes which is similar in efficacy to
DEET but more pleasant to use and much less likely to be a dermal irritant [16,19]. The actual
mechanism of action of picaridin is unclear, but its vapor barrier is so noxious to insect's taste
and olfactory senses that it discourages insect contact and biting. picaridin repels and deters
mosquitoes so that mosquitoes keep a distance from the chemical and don't bite if they contact
treated skin or clothing. When administered at the rate of 50 mg/cm2, the absence of dermal
irritation on the back of human subjects was observed after the application of 20% of picaridincontaining products [19,22].
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3.1.3. Permethrin.

Permethrin is classified as the class of synthetic chemical pyrethroids by composition
and acts by touch or absorption against the target insect and also can serve as a mild repellent.
Permethrin is a biocidifier to insects, the "cis-permethrin" shape has the greatest degree of
insecticidal action (Figure 1). Permethrin terminates insects by making the nervous system
hypersensitive to sensory stimuli. Neurotoxic symptoms, including hyperactivity, tremors,
incoordination, paralysis, and hyperthermia, can occur in large doses. It may cause ocular and
dermal irritation and it is a carcinogen [19,23]. Textiles embedded with permethrin are now
used to provide the most effective protection against mosquito-borne diseases, along with other
repellents such as DEET [19,24].

Figure 1. Chemical structure of some mosquito repellent.

3.2. Natural Repellents.

Although a very strong synthetic repellent is available, eco-friendly methods for fabric
are needed due to environmental side effects. Mosquito repellent qualities are shown by many
natural products such as extracts from radicals, stems, leaves, blooms, fruits, and seeds of
different plant species. The effectiveness of mosquito repellence, however, relies also on the
quality of essential oil. Controlled release mechanism during its use so that it can last longer,
and this is the major challenge for researchers to achieve that finish using natural mosquito
repellent oil as an active ingredient as they are eco-friendly. Following are various natural
mosquito repellents: citronella oil, castor oil, clove oil, eucalyptus oil, cedar oil, rosemary oil,
peppermint oil, lemongrass oil, geranium oil, and Chrysanthemum [19].
3.2.1. Chrysanthemum.

Chrysanthemum is the best, despite the above described natural repellents. The notable
characteristic of Chrysanthemum is that even when exposed to the climate, it has a long-term
effect on mosquitoes. Various essential oils have been discovered as mosquito repellents in the
recent past while being environmentally friendly and biodegradable. For example, the essential
oil extracted from citronella has been found to possess effective repellent activity against the
mosquito. Citronella oil possesses properties such as mood elevation during the depression,
deodorizing, sterilizing, and bug-repelling [17,19].
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3.2.2. Neem.

Neem, commonly considered a natural alternative to DEET, has been checked with
variable outcomes for repellence against a variety of arthropods [17]. Several field studies have
shown the very high efficacy of neem-based preparations [25-27]. Neem has a heavy smell that
some people find irritating and hides the wearer's scent and can avoid the landing of insects.
Neem components show many effects on insects, including mosquitoes, houseflies,
cockroaches, and so on [28]. The EPA has not yet approved neem for use as a topical insect
repellent because it has low dermal toxicity but can cause skin irritation, such as dermatitis
when used undiluted. Neem oil is still not approved as an effective repellent because of the
lack of credible tests, although it can confer some protection against biting mosquitoes [16].
3.2.3. Eucalyptus Lemon.

Eucalyptus lemon provides a possible natural repellent from the leaves of lemon. A pmenthano-3,8-diol (PMD) essential oil of lemon eucalyptus shows pesticidal properties and is
an alternative to synthetic mosquito repellents. The mode of its operation may hide the
environmental signals used to find the target by mosquitoes. It is assumed that PMD does not
repel insects, but it only blocks or confuses the enticing signals that people produce so that
mosquitoes can't find them. Pure PMD shows far superior repellent activity. It has also shown
a remarkable ability to repel mosquitoes when compared to DEET. PMD is the only repellent
dependent on plants that have proved its therapeutic usefulness in preventing malaria and are
recognized as not posing a human health risk. But it should be noted that the oil of lemon
eucalyptus does not have EPA registration for use as an insect repellent [29-31].
These essential oils may be added directly to the cotton textiles, emulsion application,
or microencapsulation process [19,32,33].
4. Insect Repellent Finishing on Textile
Many studies have been conducted in the last few years on insecticide repellents
inserted into textiles and clothes designed for outdoor activities. Insect repellent textiles are
normally prepared by appropriately finishing the fabric in its final form with repellent agents
[19,34]. In this case. to fix the repellent agents on the fabrics, suitable binder compositions that
can adhere to the fabrics and can simultaneously support the mosquito repellent agents should
be used. Insect repellent textiles can also be produced before the preparation of materials by
incorporating repellent agents into the fiber or yarn. In this case, insect repellents are applied
during the spinning process of the fiber (mainly synthetic).
4.1. Microencapsulation Method.

Microencapsulation could be stated as the method of encompassing or encasing one
substance inside another substance on a very small scale, producing capsules starting from less
than a micron to more than a hundred microns in size. Microcapsules could also be spherically
formed, with a continual wall, covering the core [19]. All three states of matter, solids, liquids,
and gases, could also be microencapsulated. Alternatively, core materials could also be
encapsulated to get released slowly through the capsule walls; it can be termed as controlled
release mechanism or diffusion mechanism.
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4.1.1. Application of Microencapsulated Repellents by Pad-Dry-Cure Technique.
4.1.1.1. Citronella oil is used in cotton finishing for mosquito-repellant.

The cotton material has been processed using a microencapsulated citronella oil,
which has a greater and more durable insect shield than materials with a repellent effect of
over 90 percent over 3 weeks, with an ethanol solution of the essential oil sprayed [17,35].
Comparative studies of natural oils such as lemon oil, citronella oil, and tulsi oil and DEET
used in fabric encapsulation techniques indicate that the effects of natural oil (especially
lemongrass) are not all the same [17,36].
4.1.1.2. Use of Andrographis paniculata herbal extract to repel the mosquito on cotton.

The Andrographis paniculata strategy has proved to effectively impart the mosquito
repellent effect on the cotton cloth to environmentally sustainable, like herbal extracts. An
investigation was performed using a microencapsulation system to achieve the mosquitorepellency effect of up to 94%, demonstrating mosquito-resistant solid behavior for up to 30
washes [17,37].
4.2. Cyclodextrin applications.

Cyclodextrins can form cyclic oligosaccharides with complex inclusion with many
functional agents, such as insect repellents. The chemical structure of β-cyclodextrin was
shown in Figure 2. They can be fixed to cotton surfaces by forming ester bonds with
polycarboxylic acids such as 1,2,3,4-butane tetracarboxylic acid or citric acid. Insecticides such
as permethrin and bio-allethrin were incorporated into the macromolecular structures of the
modified cotton fabrics. The findings suggest that an improvement in the amount of insecticide
in finished fabrics resulted in successful repellent activity against mosquitoes due to an
increasing amount of cyclodextrin. Applicable advanced technology has been used to make
limonene for cotton fabrics based on a previous fabric modification by grafting with
monochlorotriasinyl-β-cyclodextrin (MCT-β-CD), where limonene has been integrated into the
β-cyclodextrin cavity [19,38].

Figure 2. Structure and shape of β-cyclodextrin.
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4.3. The Emulsion or Direct Application Method.

The emulsion is made up of two immiscible liquids, one of which is a dispersed phase
and the other of which is a continuous phase. In most textile applications, the emulsion is
prepared as an oil-in-water form. The oil serves as the spread phase and the water serves as the
continuous phase. The emulsifier is a substance that is used to prepare emulsions and gives
them kinetic stability. Insect repellent properties are present in essential oils derived from the
roots, stems, leaves, bulbs, fruits, and seeds of different plant species. Since essential oils are
volatile, they evaporate readily at room temperature or as the temperature of the ambient
atmosphere increases. However, the effectiveness of insect repellency is often influenced by
the basic oil's composition. Chrysanthemum and citronella are two main natural sources that
have insect-repelling effects. The oils were added to textiles, and the results revealed that
essential oils of pine and guggul repel mosquitos better than rosewood oil when applied to a
textile substrate [19,39].
The insect repellent prallethrin was sprayed directly onto the cotton cloth. This was
undertaken to increase the effectiveness of prallethrin as an insect repellent as well as its fabric
retention. Via repeated washings and storage of the fabrics, the effectiveness and retention of
prallethrin are assessed. The impregnation of the fabric with a solution containing prallethrin,
a polymeric binder, and a crosslinking agent, or a surface coating of the fabric with a polymeric
binder containing prallethrin were used to place prallethrin in the fabric. The results obtained
with the treated fabrics show that increasing the concentration of prallethrin in the treated fabric
within the range tested (250-1500 mg/m) increases the repellent and killing activity against
mosquitoes. By raising the exposure time, the values of repellency improved as well.
Prallethrin, permethrin, and eucalyptus oil were added to a cloth either directly or by a
binder/crosslinker, and the insect repellent effectiveness was measured before and after
washing. In the unwashed state, both repellents demonstrated good-to-excellent mosquito
repellency [19,40].
4.3. The Sol-Gel Method.

This method is a novel way to make solid materials out of small molecules. The
technique includes transforming monomers into a colloidal solution (sol), which serves as a
precursor for creating an interconnected network (gel) of isolated particles or network
polymers. The sol-gel process is a low-cost, low-temperature procedure that allows for precise
monitoring of the product's chemical composition. The sol-gel technique has recently been
used to create an industrially viable method for manufacturing durable insecticidal textiles.
Permethrin was inserted into cotton fabrics using a silicon oxide nanocoating that was
applied using standard padding and then cured. The influence of sol-gel process parameters
such as solid silica content and the permethrin/tetraethyl orthosilicate (TEOS) ratio on
insecticidal behavior and fabric properties was investigated. The nano sol coating produced
textiles with a high mosquito repellent effect while maintaining their durability and softness.
Furthermore, the insecticide content can be managed by merely applying the appropriate
amount of insecticide to the coating bath. The washing fastness of textile fabric with a
permethrin loading of 500 mg/m2 of fabric was tested, and the results showed that even after
50 washing cycles, the fabric had a strong insecticidal effect [16,41].
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5. Evaluation Methods
At different stages, the efficacy of insect repellent finishes may be measured. Chemical
experiments on a laboratory scale can be adequate if the concentration necessary to achieve
efficacy is known. An attractant (human or artificial) and more mosquitoes are used in
repellency testing [16].
5.1. Arm-In-Cage Repellency Tests.

Cage tests are a simple and inexpensive way to decide whether treated textiles are
mosquito repellent. Volunteers cover a given region of their forearm with the treated textiles
and then show it to hungry mosquitoes in a cage for this type of examination. The finish's
efficacy is determined by the number of mosquitoes on the samples and the number of bites.
Test results are known by protective efficacy (PE), which is calculated by (mean
number of mosquitoes landed on control arm - mean number of mosquitoes landed on test
arm)/mean number of mosquitoes landed on the control arm [16].
5.2. Novel Tests Without Humans.

Insecticidal effect or the number of bites are considerations in conventional insect
repellency studies. As they involve people, they are subject to large variation and besides are
not human friendly. The Y-tube test is a novel test that does not include humans. This test
employs a basic Y-form, with mosquitoes in a cage at the Y-stem forms and either the bait or
the bait + repellent at the Y-two form's sides. Air is circulated at a constant rate through the
arms and across the stem. The mosquitoes are released into the stem after equalization so that
they can approach the bait. The number of mosquitoes that enter each arm is counted, and the
proportion of total mosquitoes entering the Y-tube for each arm is determined. Suppose a
substance is a repellent to the mosquitoes. In that case, the percentage should be significantly
lower in that arm than in the bait-only arm. Mosquitoes should ideally not land on the cloth at
all, although if the landing is brief enough to avoid a bite, the product might be suitable [16].
5.3. Excito-Repellency Tests.

The World Health Organization (WHO) has created the first mosquito repellency test
box made of plywood, intending to determine the excitation (irritability) of exposed mosquitoes
after physical contact with insecticides [16,42]. This system was dubbed an excito-repellency
test box after that. Several experiments have shown that most chemical compounds affect insect
locomotor (movement) behavior, often resulting in profound excitation and premature
movement away from treated surfaces or regions, a phenomenon known as avoidance behavior
[16,43]. The mosquitoes' escape behavior was measured in this analysis, and reliable and
repeatable findings were obtained [16,44,45].
5.4. Modified Excito Chamber Method.
5.4.1. Mosquito Collection.

Before administering the experiments, the test mosquitos should be starved of blood
and sugar. The mosquitoes were collected by a large flask [21,46].
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5.5.1. Repellency Behavioral Tests.

In this test, two specially built excite repellency test chambers. Usually, a box, are used
to assess repellency effectiveness. Before exposure, mosquitoes should be stripped of both food
and water. The laboratory experiments can be repeated a few times. For each exposure
chamber, the number of escaping specimens and those still within the chamber should be
reported separately after each examination [17,46]. The following formula can be used to
measure the percentage of mosquito repellency.
%Mosquito repellency = ((Number of specimens escaped + Number of specimens
dead)×100)÷ Number of specimens exposed.
6. Field Test
The field test is the most significant proof of a handled textile's efficacy. It is
particularly effective in areas where floodwater mosquitoes are prevalent [17,47].
7. Summary
The textile industry has become well advanced in technology with value-added textile
and clothing products. Insect repellent textiles assist in the prevention of vector-borne diseases
such as malaria and dengue fever, which insects spread. Insect-resistant finishes can be added
to textiles and garments in various ways, using chemicals or natural materials. The wet cleaning
method can be used on curtains, upholstery materials, shoes, and carpet cloth, and other things.
The efficacy of insect repellent finished fabric to provide protection can be measured and tested
using standard methods. Future insect repellent finishes will focus on achieving efficient and
long-lasting insect repellent properties while being environmentally sustainable.
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