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Abstract

Mosquito coils were formulated as insect repellents using Citronella (Cymbopogon nardus), African Basil (Ocimum
gratisimum) and Pignut (Hyptis suaveolens) . The mosquito coils were formulated using the crude leaves of the plants
at three different concentrations (10 g, 15 g and 20 g). The leaves of the plants were formulated in combination with
other ingredients which served as binders, fillers, diluents and preservatives. The efficacy of the repellents produced
using the leaves of the plants was determined against Aedes aegypti at three different concentrations (10 g, 15 g and
20 g). The mosquito efficacy assessment test carried out on the formulated mosquito coils showed that the coil with
Cymbopogon nardus had knockdown time (KTso) of 40, 45 and 37 minutes for the 10 g, 15 g and 20 g concentrations
respectively; Ocimum g ratissimum had KTso of 80, 69 and 55 minutes at 10 g, 15 g and 20 g concentrations
respectively while Hyptis suaveolens had KTso of 12, 23 and 27 minutes at 10 g, 15 g and 20 g concentrations
respectively. The coil with the active ingredient of 10 g of Hyptis suaveolens showed the best activity with KTg, of 12
minutes. Analysis of variance (ANOVA) shows that there were significant differences (P<0.05) among the three
different mosquito coils and control. There was also a significant interaction between the knockdown activity of the
mosquito coils and time. These results suggest that these plants are potential mosquito repellents and can be used in
insect repelling products. They may be alternatives to the commercial mosquito coils of synthetic source.
Keywords: Formulation, insect repellents, knockdown time (KTso), Aedes aegypti.

Introduction approximately 3.3 billion people were exposed to malaria

Mosquito repellents are substances that can be used
to repel mosquitoes (vectors that transmit malaria). A
typical example of a mosquito repellent is a mosquito
coil which when ignited drives away mosquitoes.
Mosquito coil contains active ingredients used to
prevent the mosquito from biting particularly during the
hours of sleep having been designed to burn for hours.
These active ingredients have been known to cause a
distasteful environment for the mosquito and act as
agents of immobilization that disturbs the food-
searching mechanism of the mosquito (Lokhande and
Chapaitkar, 2022). Effective insect repellents can
protect one from serious mosquito and tick-borne
diseases (Filariasis, zika, yellow fever, dengue fever, etc.).
Therefore, developing new ideas for overcoming
these life-threatening sicknesses is one way of
solving them. One of these illnesses carrying insects
is the Mosquito which transmits parasitic and viral
diseases to man (IUPAC, 2006). The most infectious
protozoan parasite causing malaria infection in
humans is Plasmodium falciparum (WHO,
1993). In 2010,

resulting in 655,000 deaths (WHO, 2011). Dengue fever,
yellow fever, chikungunya virus and zika virus are some
of the diseases transmitted by Aedes aegypti it is the
principal vector in almostall chikungunya epidemics found
in Africa, India and other countries in Southeast Asia
(Mavale et al, 2010) (Vega-Rua et af, 2015). Historically,
Aedes aegypti eradication programmes have been
previously set up to control the outbreaks of dengue and
yellow fever but they proved unsuccessful and have
resulted in the re-occurrence of these diseases (Gubler,
1998). The species of Aedes aegypti were found in the
Zika virus outbreak in Brazil recently (Ferreira-de-Brito et
al, 2016). Aedes aegypti are parasites that spend more
time indoors than outdoors thereby rendering outdoor
insecticidal sprays less efficient (Reiter, 2010). Nearly all
insecticides have the potential to significantly alter the
ecosystem, many are toxic to humans and others are
concentrated in the food chain. It is necessary to balance
agricultural needs with environmental and health issues
when using insecticides. Itis crucially important that all the
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rural areas in Nigeria are being educated on the need to
control insects, especially mosquitoes that might breed
around the environment and transmit malaria to people
living within the enclave. Many ideas and efforts are
focused towards controlling malaria infestation both in
urban and rural areas. A lot of measures are being taken to
reduce  mortality as a result of  malaria.
Historically, lethal effects have been the focus of the
search for novel compounds to be used in vector
control. Nevertheless, other effects such as repellency or
irritancy may be used to reduce vector-host contact
(Achee et al, 2012). A compound is considered an
irritant whenever insects move away after contact
with it (Hile & Mora, 2006). Compounds like
pyrethroids or Dichloro-Diphenyl-Trichloroethane (DDT)
reduce insect activity because of their irritant effect
(White, 2007).
Plants comprise compounds such as repellents, anti-
feedants, and growth regulators preventing the attack
from phytophagous insects, but some of these compounds
are also repellent for haematophagous insects (Maia &
Moore, 2011). Plants are used worldwide to protect people
from haematophagous arthropods and numerous studies
report repellent effects of essential oils (Maia & Moore,
2011; Amer & Mehlhorn, 2006; De Boer et al, 2010; Moretti
et al, 2013).
Citronella plant is popular as a 'natural' insect repellent.
Research has verified its mosquito-repellent qualities (Kim
et al, 2005), including its effectiveness in repelling Aedes
aegypti (dengue fever mosquito) (Trongtokit et al, 2005).
Hyptis suaveolens has both medicinal individualities as
well as insecticidal properties. Hyptis suaveolens has
been shown to be effective as an insecticide (Adda et al,
2011; Conti et al, 2010). Ocimum gratissimum, also
known as clove basil, African basil, and in Hawaii as wild
basil, is a species of Ocimum (USDA, 2009). The whole
plant and the essential oil have many applications in
traditional medicine, especially in Africa and India.

These natural compounds are biodegradable,
environmentally friendly and readily available (Regnault-
Roger et al, 2012), and they generally have a low toxic
effect to mammals (Isman, 2000). Moreover, in most
tropical areas, traditional medicine which is largely
plant - based (herbs or shrubs) is available at a low cost
(De Boer et al.,2010).

The use of plant products as insecticides is one of the
important approaches of insect pest management and it
has many advantages over synthetic insecticides
(Weinzierl & Henn, 1992). Plant materials with insecticidal
properties are locally available, biodegradable and
inexpensive for the biological and agricultural control of
pests. A mosquito coil made from natural mosquito
repelling plants (Citronella, Pignut and Tulsi (African
basil)) will remove the health problems caused by
commercial mosquito repellents.
The Mosquito Coil when burnt continuously emits smoke
along with the active ingredient added to it which prevents
the mosquitoes from biting (Phal et al,, 2012). This mode of

release of insecticide for the prevention of mosquito bites
is an effective mosquito-repellent tool (Phal et o,
2012). Recent studies showed that the smoke
generated from burning mosquito coils is of certain
health concern because of the chemical contents found
in mosquito coils (Liu et al, 2003), making a mosquito
coil out of natural ingredients may remove these
problems.

Emission rates of the product of incomplete combustion
(PIC) depend on the types of organic fillers or base
materials used and can be high enough to generate
room concentrations markedly higher than health-based
standards or references (Zhang et al, 2010). However,
using charcoal powder as base material not only reduces
visible smoke, as officially labelled as smokeless coils,
but substantially reduces emissions of PM2.5 mass, total
particle number, Polycyclic aromatic hydrocarbons
(PAHSs), and aldehydes (Zhang et al., 2010).

MATERIALS AND METHODS

Materials/ Reagents/Apparatus

The raw materials used for the formulation of the
mosquito coils were charcoal, starch, talcum powder,
sodium benzoate and the leaves of the three different
plants citronella (Cymbopogon nardus), African basil
(Ocimum gratissimum) and pignut (Hyptis suaveolens).
Charcoal served as the burning material, starch served
as a diluent which aids in the bulkiness of the mosquito
coils and serves as a binder that binds the other
ingredients together, talcum powder serves as a
hardener, lubricant, filler and an additive to the produced
mosquito coil. Sodium benzoate aids in the preservation
of the produced mosquito coil to last for a very long time,
it also prevents the mosquito coil from spoilage and
undesirable colour alterations. Apparatus used were:
electrical oven, electrical blender (Phillips, HR 1707),
weighing balance (OHAUS Analytical plus, England),
sieve (4.75 mm), plastic bowls, rolling pin, stirrer, carton
board, aluminium foil, and the Peet Grady Chamber.

Sample collection and preparation

One hundred kilogram (100 kg) each of Cymbopogon
nardus, Hyptis suaveolens and Ocimum gratissimum
plants/leaves was collected at a field in Suleja, Niger
state. The leaves (100 kg each) of Cymbopogon nardus,
Hyptis suaveolens and Ocimum gratissimum plants that
were collected were spread out to dry. The dried plants
were ground into a fine powder using a mortar and an
electric blender (Phillips, HR 1707) and stored in a black
polyethene bag. Charcoal (hardwood lump, 500 g) was
sieved with a sieve (4.75 mm) and then it was blended
into fine particles using an electric blender (Phillips, HR
1707). The starch (40 g) was mixed with cold water (70
cm3) (cold water starch) and stirred very well.

Mosquito coil formulation

The sieved charcoal samples (20 g, 15 g and 10 g) were
weighed into plastic bowls and mixed with 10 g, 15 g and
20 g of the ground plants respectively. Talcum powder
(15 g) was added to each of the mixtures and mixed
properly.
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Then Sodium benzoate (1 g) was added to the mixtures
and stirred thoroughly using a porcelain pestle. The
prepared cold starch was added to the mixture and was
mixed properly to form a dough. The dough was then
spread on a carton board covered with an aluminium sheet
to form a smooth, thin paste (Kinball, 1999). An already
fabricated metal in form of a coil was then placed on top of
the smooth paste and carefully pressed in order to trace
the shape of the coil. The coils were dried in an oven at 70
°C for 6 hours; removed from the oven and allowed to stand
for 30 minutes (Phal etal., 2012).

Testfor Mosquito Coils

Insect Culture: The laboratory evaluation of the repellence
of the mosquito coil formulation was carried out at the
Department of Animal Science of Bayero University Kano.
The rearing of the Aedes aegypti mosquitoes used in the
evaluation of the mosquito coils was done under
controlled temperatures (28 °C-30 °C) and humidity
(60-80 %). The dried and incubated mosquito eggs were
placed in deoxygenated water and two to three drops of
ground fish food solutions were added to feed the larvae.
Pupae were removed from the larval pads as they
appeared and were placed into mesh-covered paper
cups. Following emergence, adult mosquitoes were
tested over a period of six days (WHO, 2009). The adult
mosquitoes were continually allowed to feed on a cotton
ball soaked with 0.2 mol/dm3 sucrose solution. At 1-2
hours before testing began, the cotton balls were
removed and the mosquitoes were preconditioned for the
bioassay (WHO, 2009). Bioefficacy test: Peet Grady
chamber was maintained under the temperature range of
28 - 30 °C and humidity range of 60 — 80 % for the entire
experiment. The 2-3 day-old female Aedes aegypti
mosquitoes were collected from the rearing cage and
were released in the handling bottles. Before testing each
product, the mosquitoes from the handling bottles were
released into the Peet grady chamber and were kept in it
for about 30 minutes. The coil was lit outside the
chamber and was pushed inside the chamber up to the
center. The coil was allowed to smoulder continuously for
120 minutes observation period. The knockdown count
was taken after every 5 minutes for 120 minutes using a
hand-counter. The knockdown insects were collected and
kept for 24 hours for mortality observation in a jar with
sucrose solution in it. Similarly, a test was done for the
coil without herbal oils (WHO, 2009). The KTgo values
were assessed using a minimum of two replicates.
Similar experiment was conducted for control (without
coil) to find the mortality of mosquitoes in the chamber.
Statistical Analysis of Data: The data generated were
subjected to one-way analysis of variance (ANOVA) and
correlation analysis with the help of MINITAB 14
software. Variability in the efficacy of the samples may
be dependent on several factors such as plant species,
season, location, the part for extraction and the
preparation method (Nimet & Hasan, 2013; Kamal et al.,
2011; ZhiSheng et al., 2013).

RESULTS AND DISCUSSION

Plate la: Formulated mosquito coil paste with Hyptis
suaveolens as the active ingredient.

Piate 1b: Formulated mosquito coil paste pressed with the
tracer.

Plate 1c: Already traced formulated coil.
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Plate 2: Dried formulated mosquito coils.
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Figure 1: Effect of the amount of leaf extract against knockdown
time. O.G- Ocimum gratissimum, C.N- Cymbopogon nardus, H.S-
Hyptis suaveolens

Figure 2: Efficacy of Formulated Mosquito Coil and
Control. 0.G- Ocimum gratissimum, C.T- Citroneliq,
H.S- Hyptis suaveolens, C.M- Commercial mosquito

coil
Table 1: Bioefficacy Variations in the Formulated Mosquito Coils
Coil source Amount of leaves (g) Percentage knockdown time
(KTs0 (minutes))
Ocimum gratissimum 10 80
15 69
20 55
Cymbopogon nardus 10 40
15 45
20 37
Hyptis suaveolens 10 12
15 23
20 27
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Figure 3: Efficacy of the Formulated Mosquito Coil at three
different concentrations (10 g, 15gand 20 g)

The concentration of active ingredients played an
important role in determining the Bioefficacy of mosquito
coils. The effect of concentration is optimized by
determining the knockdown effect of mosquito coils at
different levels of concentration ranging from 10-20 g. The
efficacy of formulated mosquito coils has a significant
impact on the bioefficacy of mosquito coils. The effect of
the amount of leaf extract on the knockdown activity of
the mosquito coils formulated from Ocimum gratissimum,
Cymbopogon nardus and Hyptis suaveolens was studied
by varying the amount of the leaf extracts in the range of
10-20g. The KTsq is the measure of the bio-efficacy of the
mosquito coils. Based on the result obtained (Figure 1) for
Hyptis suaveolens, the coil with the amount of 10g showed
the highest knockdown activity with KTsg at 12 minutes.
The knockdown activity of Ocimum gratissimum
decreased with a decrease in the amount of leaf extract. A
similar trend was observed for the mosquito coils using
Cymbopogon nardus (Figure 3). The relation between the
knockdown activity and the amount of Hyptis suaveolens
was found to be markedly different compared to other
samples; as there was a continuous increase in the
knockdown activity with a decrease in the amount of
Hyptis suaveolensinthe mosquito coilfor 10gto 15g.

Figure 2 shows the percentage knockdown of each
mosquito coil at the optimum amount of the active
ingredient. It can be seen that Hyptis suaveolens has the
highest knockdown activity followed by Cymbopogon
nardus and Ocimum gratissimum. The commercial
mosquito coil containing 0.2 % allethrin which was used as
a control was found to be less effective with the
knockdown activity of more than 80 minutes.

CONCLUSION

The efficacy of formulated mosquito coils indicated that
Hyptis suaveolens and Cymbopogon nardus were
observed to be the most effective. The analysis of
variance showed that there was a significant difference
(P < 0.05) among the three different mosquito coils and
control.

There is also a significant
knockdown activity of the mosquito coils and time. The
produced formulations can be used as substitutes for the
more expensive synthetic formulations because they offer
a unique way of protection against mosquitoes in the
form of a great repellent effect and knockdown activity.
These findings might open windows for formulating new
insect repellents with longer durability and fewer side
effect.

Recommendations

Based on the findings of this study, it is recommended
that Ocimum gratissimum, Cymbopogon nardus and
Hyptis suaveolens could be potentially used for the
preparation of mosquito repellent products which could be
in form of a coil, spray, cream, liquidator, candle and
sticks, and could be prepared using suitable carriers/
solvents/diluents, to get better protection from mosquito
bites. These formulations could help in reducing the
harmful effects of synthetic mosquito repellents on human
health as they contain fewer harmful substances.
Additionally, the production of locally made mosquito coils
should be carried out in commercial quantities for
economic purposes and for its usage, especially in rural
areas.
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