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Abstract: Diseases transmitted by mosquitoes are rising worldwide and impact hundreds of millions of
human lives annually. Commonly known diseases caused by mosquitoes are malaria, dengue, chicken
gunya, filariasis, yellow fever and Zika virus. The herbal mosquito repellent candles offer an effective
solution to overcome mosquito problems. This research focuses on preparation and evaluation of new
mosquito repellent candles aimed at providing safe and nono-toxic protection from mosquitoes. We survey
the effectiveness of mosquito repellent candles made from natural ingredients in reducing mosquito
populations and their impact on the environment and human health. The candle is formulated using natural
wax (e.g. bee wax, soy wax) and essential oils such as Basil or Tulsi, Neem, Marigold, Eucalyptus and
Lavender oil which are known for their mosquito repellent activity. The prepared candle is evaluated for its
flammability, burning rate, irritancy, stability, presence of smoke and its repellent activity. Burning test
shows effectiveness because of natural ingredients and essential oils present in candle. It does not cause any
irritation to skin or any allergic reaction. The burning rate and time and the mosquito repellent efficiency of
the prepared candles were compared with the commercially available scented candles.
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|. INTRODUCTION

Mosquitoes represent one of the most significant threats to-human and veterinary health around the world.
Their ability to transport and propagate diseases to humans causes millions of deaths each year [1-4]. For
instance, the worldwide incidence of dengue fever has increased 30-fold in the past 30 years, and more
countries are reporting their first outburst of the disease (WHO, 2019) [5-7]. Presently, there is no effective
prophylactic anti-malarial vaccine and no suitable preventive measure other than vector control is available.
Thus, shielding from mosquito bites is one of the best approaches to reduce the disease incidence [8-11].

The use of repellents to secure people from mosquito bites previously has been acknowledged as part of
an overall integrated insect-borne disease control programme [12-15]. Most of the commercial repellents are
produced by using chemical components such as N, N-diethyl-metatoluamide (DEET), Allethrin, N, N-
diethyl mendelic acid amide, and Dimethyl phthalate etc. It has been identified that chemical repellents are
not safe for public health and should be used with caution because of their detrimental impacts on synthetic
fabric and plastic as well as toxic reactions, such as allergy, cardiovascular and neurological side effects,
which have been reported generally after misapplication. The frequent use of synthetic repellents with
chemical origin for mosquito control has also disturbed natural ecosystems and resulted in the development
of resistance to insecticides, resurgence in mosquito populations, and adverse impact on non-target
organisms. Accordingly, the idea of using natural mosquito repellent products as an alternative to develop
new eco-friendly repellents could be an amicable solution to scale back the undesirable effects on
environment and human health [16-26].
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In recent years, interest in plant-based repellents has been revived, as they contain a rich source of bioactive
phytochemicals that are safe and biodegradable into nontoxic by-products, which could be screened for
insecticidal activities and mosquito repellent. Many studies have reported evidence of repellant activities of
plant extracts or essential oils against malaria vectors around the world.

Candles offer a convenient and pleasant method of repelling mosquitoes [27-30]. By incorporating natural
herbal ingredients and essential oils known for their mosquito repellent properties, such as neem,
eucalyptus, marigold, basil, and lavender, we aim to create a formulation that is both safe and non-toxic. In
this study we focus on the formulation and evaluation of polyherbal mosquito repellent candle utilizing
plant-based ingredients known for their mosquito repellent properties.

Il. Materials and Methods

2.1. Materials
Soy wax and beeswax were purchased form Dolloz and IKALAA INNOVATIONS respectively via
amazon.in. The essential oils are purchased form Naturalis and Deve Herbs via amazon.in.

Table 1: Formulation of candle

SI. No Ingredient name Quantity
1 Bee Wax 60 gm
2 Soy wax 30gm
3 Basil Essential oil 2 mi
4 Eucalyptus Essential oil 2 ml
5 Neem Essential oil 2 mi
6 Marigold Essential oil 2ml
7 Lavender Essential oil 2ml
8 Tocopherol or Vit-E oil 1ml
9 Rose oil 10 drops
10 Camphor oil 10 drops

Procedure:
The Bee wax and Soy wax were weighted precisely and taken in a double boiler.- The wax mixture was then
melted by boiling at a temperature of 70-85 “C. Following an appropriate amount of antioxidant (Vitamin-E
oil) is added to the mixture. The stove was then turned off and the essential oils were added to the mixture
while stirring. The overall mixture was then stirred for few minutes. The moulds were prepared by the side
and the wax mixture was poured into the moulds. The moulds were allowed to cool to room temperature to
form the candles.

2.2. Determination of Knockdown Effect
Ten mosquitoes captured and released in a mosquito net (8 ft x 7 ft) where the candles produced were lit in
turns for a period of 120 minutes. The number of mosquitoes still flying after for 15, 30, 45, 60 minutes was
counted and the difference expressed as percentage of mosquitoes knockdown by the smoke (Eg. 1) from
the burning candles
Efficiency = No. of mosquitoes knockdown /Total No. of mosquitoes x 100...... (1)
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I11. Results and Discussion

Organoleptic test: This test was done visualising the formulation to evaluate the texture, colour and
Fragrance.
Colour: colour of formulation was found to be yellow (Figure 1).

Figure 1: Formulated candle with essential oil variant used in it.

Fragrance: Fragrance of formulation was found to be satisfied.

Texture: A uniform (homogeneous) formulation was discovered (Figure 1).

Irritancy test: It found that prepared mosquito repellent candle did not cause any irritation or discomfort to
skin during or after the burnings.

Uniformity of mass: Five candles of each group were selected and weighed individually. The weight of
individual group was noted. Average weight was calculated, and the individual Weights were compared
with the average weight. Average weight calculated for all the variants are in the range 24.6-25.5 gm.
Burning rate: Burning rate of prepared candles were tested and compared. For this test, initial mass of
candle (M1) and the time of lighting (T1) were noted. Once the candle stops burning the time (T2) and mass
(M2) were once again noted. The time of burning was T2 — T1 in hours and the mass burnt was M2 — M1 in
grams. The burning rate was calculated according to the follow formula (M2—M1/T2—-T1) in grams per hour
(Figure 2). Burning rate experiments data were shown in Table 2.
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Table 2: Detremination of burning rates for the prepared polyherbal candles (PC).

Sample Burning Rate (gm/hr) Average Comments
Burning Rate
(gm/hr)
lhr 2hr 3hr 4hr The burning rate of the
PC-1 261 268 249 252 2.575 prepared candle was found
PC-2 334 324 313 3.047 3.189 uniform  over time. The
PC-3 249 257 268 271 2.612 irregularity in some cases may
PC-4 323 386 4.04 4.002 3.783 be due to change in
PC-5 3.28 3.015 2873 2921 3.022 environmental condition (wind
flow, Temperature etc.)
299 3.073 3.052 3.04 average burning rate at each
hour
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Figure 2: Burning rate of the prepared candles.

Mosquito repellent activity net Test: Test conducted using small net (8 ft x 7 ft). 10 mosquitoes are
collected in net and checked for its activity over time. Out of 10 mosquitoes 9 mosquitoes were knocked
down at 1 hour. The repelling percentage is 90 % at 1 hr which is higher than our previous report with basil
essential oil variant [30].

Table 3: Knockdown Effect of the Prepared Polyherbal Candle

Time (minutes) M; M Mhn Repelling percentage (%)
15 10 10 0 0
30 10 7 3 20
45 10 5 5 50
60 10 1 9 90

Mi: Initial number of mosquitoes, Mi: Final number of mosquitoes,
Mn: Number of mosquitoes knocked down.

On basis of evaluation test studies and observations, it is found that the candles were done successfully
using various try outs. The optimum wax ratio was found to be 2:1 for bee wax and soy wax (Table 4).
Increasing soy wax percentage increases softness and decreases burning rate whereas increasing bee wax
percentage increases harness.
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Table 4. Optimisation of bee wax/soy wax ratio

Bee wax : soy wax Characteristics
1:2 very soft, smooth
1:1 soft, smooth
2:1 hard, smooth
3:1 very hard, not smooth

During burning of candle, the used essential oil may oxidised by the flame. To overcome this limitation,
anti-oxidant has to be used. There is report of the use of different acids (citric acid, oxalic acid, quinol,
stearic acid etc.) as anti-oxidant but those acids have limitations of solubility [29]. So, herein we used
natural anti-oxidant tocopherol (Vitamin-E oil) as anti-oxidant which is easily soluble in the wax mixture.
Amount of essential oil is also optimised by fixing the other constituents (e.g. bee wax, soy wax, vitamin-E
oil, rose and camphor oil) and we found that 9-10 % oil content is satisfactory for the fragrance and
efficiency. Using excess essential oil causes uneven burning and increases burning rate.

Burning efficiency and mosquito repelling efficiency of the prepared candles were tested at laboratory room
temperature. The prepared candle showed very good repelling efficiency compared to commercial candles
(Figure 3). We also compared other properties of the prepared candles with commercially available scented
candles (Table 5). The fragrances of the commercial candles are quite good compared to our prepared
candle. The burning rates of the commercial candles are also very slow and not uniform over time. As can
be seen in Figure 4 and 5 the burning rate and flame height of the commercial candles decreases with time.
The mosquito repelling efficiency of the commercial candles was also found to be very poor with respect to
the prepared candle (Figure 3, Table 5).

100
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Figure 3: Mosquito repelling percentage (at 1 hr) of prepared scented candle and the commercial candles.
PC: Polyherbal Candle, COM1, COM2 and COM3 are commercial candles.

Table 5: Comparison between prepared candles and commercial scented candles

Properties PC COM1 COM?2 COM3
Flame height (cm) (initial)? 1.0 1.8 1.3 0.9
Flame height (cm) (after 30 mins) 1.0 1.0 0.7 0.5
Flame height (cm) (after 1 hr) 1.2 0.7 0.4 0.5
Burning rate® 3.04 1.36 1.11 1.32
Burning time (hr) 6 >6 >6 >6
Repelling percentage 90 10 15 10
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¥The commercial candle’s flame height decreases with time brightness and
burning rates also reduced sharply. Paverage burning rate
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Figure 5: Comparison of flammability between prepared candle and commercial candles. (A) after 5
minutes (B) after 30 minutes (C) and (D) after 1 hour of lit

IV. Conclusion

The herbal candle proved to be effective in repelling mosquitoes, providing a safer alternative to chemical
repellents. The use of natural ingredients ensures that the candle is non-toxic and safe for humans and pets,
making it suitable for both indoor and outdoor use. The result reinforced the viability of creating
environmentally friendly products that do not harm the ecosystem. The inclusion of essential oils not only
enhances the mosquito-repellent properties but also provides a pleasant fragrance and potential therapeutic
benefits. The candles are easy to prepare and can be used in homes.
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