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Abstract:

The increasing resistance of mosquitoes to synthetic repellents has led to the growing interest in herbal
alternatives. This study aims to formulate and evaluate a herbal mosquito repellent cone using natural
ingredients with mosquito-repelling properties. A combination of essential oils from plants such as
citronella, eucalyptus, and lemongrass, known for their insect-repellent activity, was used to create the
formulation. The repellent cones were developed by incorporating herbal extracts into a base material, and
their physical characteristics, such as texture, burning rate, and repellent efficiency, were evaluated. The
repellent efficacy was tested in controlled environments, measuring the reduction in mosquito landing and
biting rates. Additionally, the stability of the repellent over time and under varying environmental
conditions was assessed. The results suggest that the herbal mosquito repellent cone is-an effective, eco-
friendly alternative to conventional synthetic repellents, with significant mosquito deterrent properties.
The formulation proved to be safe, biodegradable, and cost-effective, making it a viable option for
widespread use.
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Introduction:

Mosquitoes are not only a nuisance but also a major public health threat, being vectors for diseases such
as malaria, dengue, Zika virus, and chikungunya. Over the years, synthetic chemical repellents, primarily
containing DEET (N,N-Diethyl-m-toluamide), have been the standard solution to control mosquito bites.
However, concerns regarding the toxicity, side effects, and environmental impact of synthetic repellents
have led to an increased demand for safer, more natural alternatives.

Herbal mosquito repellents, which are derived from plant-based ingredients, have emerged as a promising
alternative. Many plants produce essential oils with natural insect-repellent properties, such as citronella,
eucalyptus, and lemongrass. These essential oils are rich in bioactive compounds like citronellal,
eucalyptol, and citronellol, which have been found to effectively repel mosquitoes without causing harm
to human health or the environment. One such novel approach to harnessing these natural repellents is the
development of herbal mosquito repellent cones. These cones, made from a blend of herbal extracts and
base materials, offer a slow-release mechanism for the essential oils, making them ideal for extended use
in both indoor and outdoor environments. The slow combustion of the cones releases the repellent agents
into the air, creating a protective zone against mosquitoes.[12]
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This study focuses on the formulation and evaluation of herbal mosquito repellent cones, utilizing plant-
based essential oils to assess their repellent efficacy, burning characteristics, and overall performance. By
offering a more sustainable and safe option for mosquito control, these herbal repellents could provide an
effective solution for minimizing mosquito-borne diseases while reducing the reliance on synthetic
chemicals. Mosquito-borne diseases remain a significant global health concern, especially in tropical and
subtropical regions. Illnesses such as malaria, dengue fever, Zika virus, chikungunya, and yellow fever
cause substantial morbidity and mortality each year. Traditional mosquito control methods often rely on
synthetic chemical repellents and insecticides, which, while effective, have raised concerns due to their
potential toxicity to humans, adverse environmental effects, and the increasing development of resistance
in mosquito populations.

Synthetic repellents like DEET, though widely used, have been associated with skin irritation, allergic
reactions, and long-term environmental contamination. These drawbacks have spurred interest in safer,
biodegradable alternatives derived from natural sources. Herbal mosquito repellents offer a promising,
eco-friendly solution. Many plant-based compounds, particularly essential oils, have been scientifically
recognized for their insect-repelling properties. Plants such as Cymbopogon citratus (lemongrass),
Cymbopogon nardus (citronella), Eucalyptus globulus, Azadirachta indica (neem), and Ocimum sanctum
(tulsi) produce volatile oils that deter mosquitoes through strong odor and interference with their host-
finding mechanisms. In recent years, various forms of herbal mosquito repellents—such as creams, sprays,
incense sticks, and vaporizing oils—have entered the market. Among these, repellent cones have gained
attention due to their ease of use, longer duration of action, and minimal direct skin contact. Herbal
repellent cones are designed to slowly release active ingredients into the air upon combustion, forming a
protective barrier that repels mosquitoes. This delivery system is especially suitable for use in households,
outdoor gatherings, and rural or semi-urban areas where mosquito density is high.[7]

The current study focuses on the formulation and evaluation of a herbal mosquito repellent cone using
a blend of essential oils and natural binders. The research involves selecting suitable plant-based
ingredients, standardizing the cone formulation, and evaluating key parameters such as burn time, smoke
characteristics, mosquito repellency, and user acceptability. Special emphasis is placed on ensuring the
product is safe, cost-effective, biodegradable, and capable of delivering effective mosquito protection
comparable to or better than synthetic alternatives.

By promoting the use of natural resources in pest control, this study contributes to sustainable public
health solutions and supports the development of herbal products that align with growing consumer
preferences for organic and eco-conscious products.

Background on Herbal Mosquito Repellents
1. Overview

Herbal mosquito repellents are plant-based formulations used to repel mosquitoes, offering a natural
alternative to synthetic chemical repellents such as DEET (N,N-Diethyl-meta-toluamide). They are
increasingly popular due to concerns about the health and environmental effects of synthetic repellents.

2. Historical Context

Plants have been used for centuries by indigenous communities worldwide to protect against insects.
Smoke from burning certain herbs, applying plant oils to the skin, or planting repellent vegetation around
homes are traditional methods still in use today.
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3. Common Herbal Ingredients

Several plants are known for their mosquito-repelling properties due to the presence of essential oils that
interfere with mosquitoes’ olfactory receptors. Key herbs include:[5]

o Citronella (Cymbopogon nardus or Cymbopogon winterianus): One of the most well-known
natural repellents. Its oil is used in candles, sprays, and lotions.

o Lemongrass (Cymbopogon citratus): Contains citronellal and geraniol, effective against
mosquitoes.

e Neem (Azadirachta indica): Traditionally used in India; neem oil has insecticidal and repellent
properties.

e Eucalyptus (especially Lemon Eucalyptus — Corymbia citriodora): Contains PMD (para-
menthane-3,8-diol), a proven repellent.

o Lavender (Lavandula angustifolia): Its scent is pleasant to humans but repels mosquitoes.

e Basil, Peppermint, Clove, and Thyme: These herbs contain various compounds that act as
repellents.

4. Mode of Action

Herbal repellents work by masking the human scent that attracts mosquitoes or by irritating their sensory
systems. Essential oils often contain volatile compounds like citronellol, eugenol, and limonene, which
are effective at deterring mosquitoes.[15]

5. Advantages
e Natural and eco-friendly: Biodegradable and less toxic to humans and animals.

e Reduced side effects: Lower risk of skin irritation or systemic toxicity compared to synthetic
chemicals.

o Pleasant aroma: Many herbal repellents have fragrances that are considered pleasant.
6. Limitations

o Shorter duration: Herbal repellents typically provide protection for a shorter time than synthetic
ones and may require frequent reapplication.

o Stability: Essential oils are volatile and can degrade quickly when exposed to light, heat, or air.

o Efficacy variation: Performance may vary depending on the formulation, concentration, and
environmental factors.

7. Current Research and Development

Recent studies focus on improving the efficacy and longevity of herbal repellents by:
o Using nanoformulations (e.g., nanoemulsions of essential oils).
e Combining multiple herbs to enhance synergistic effects.

e Incorporating fixatives to reduce volatility and prolong action.
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8. Regulatory and Market Trends

Herbal repellents are subject to regulation in many countries, especially when marketed for public health
purposes. The global market for natural insect repellents is growing, driven by consumer demand for green
and sustainable products.[16]

Material:
1. Neem
2. Botanical Name: Azadirachta indica
3. Family: Meliaceae
4. Active Constituents: Azadirachtin, Nimbin, Nimbidin, Nimbosterol
5. Properties: Insecticidal, antimicrobial, antifungal, antiviral

Role: Acts as a natural mosquito repellent and larvicide; interrupts mosquito reproduction.

Fig 1. Neem

2. Nirgundi

Botanical Name: Vitex negundo

Family: Verbenaceae

Active Constituents: Flavonoids, iridoid glycosides, alkaloids
Properties: Anti-inflammatory, insect repellent, antimicrobial

Role: Provides a strong repellent effect and supports the synergistic activity of other herbs.[10]
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Fig 2. Nirgundi

3. Tulsi (Holy Basil)

Botanical Name: Ocimum sanctum (also known as Ocimum tenuiflorum)
Family: Lamiaceae

Active Constituents: Eugenol, ursolic acid, rosmarinic acid, linalool
Properties: Mosquito repellent, antimicrobial, adaptogenic

Role: Provides strong aromatic properties; eugenol contributes to insect-repellent action.

Fig 3. tulso

4. Marigold

Botanical Name: Tagetes erecta

Family: Asteraceae

Active Constituents: Terpenoids (ocimenes), flavonoids, thiophenes
Properties: Repellent, larvicidal, antioxidant

Role: Repels insects, especially mosquitoes; thiophenes disrupt insect nervous systems.
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Fig 4. marigold
5. Cinnamon
e Botanical Name: Cinnamomum verum or Cinnamomum zeylanicum
e Family: Lauraceae
o Active Constituents: Cinnamaldehyde, eugenol, linalool[3]
e Properties: Antimicrobial, insecticidal, antifungal

e Role: Acts as a mosquito repellent; cinnamaldehyde disrupts sensory function of insects.

Fig 5. Cinnamon

6. Clove
o Botanical Name: Syzygium aromaticum
o Family: Myrtaceae
e Active Constituents: Eugenol, caryophyllene
e Properties: Strong insect repellent, antiseptic, antioxidant

e Role: Eugenol is a potent mosquito deterrent; adds fragrance and therapeutic value.
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Fig. 6. Clove
7. Citronella QOil
o Botanical Name: Cymbopogon nardus
o Family: Poaceae
e Active Constituents: Citronellal, geraniol, limonene
o Properties: Volatile, mosquito repellent, antifungal[22]

e Role: Primary active agent in mosquito repellency; strong, long-lasting aroma.

8. Eucalyptus Oil
e Botanical Name: Eucalyptus globulus
o Family: Myrtaceae
e Active Constituents: Eucalyptol (1,8-cineole), terpineol
o Properties: Insect repellent, antiseptic, expectorant

o Role: Disrupts mosquito sensory receptors; adds to the volatile oil mix for repellent action.

9. Peppermint Oil
o Botanical Name: Mentha piperita
e Family: Lamiaceae
e Active Constituents: Menthol, menthone, limonene
e Properties: Cooling, insect repellent, analgesic[19]

e Role: Provides a fresh, cooling odor that masks body scents and repels mosquitoes.

10. Starch
e Botanical Name: (Derived from sources like corn, potato, etc.)
e Family: —
e Active Components: Amylose and amylopectin

o Properties: Binder, thickener
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e Role: Acts as a natural binding agent to hold the cone together and maintain shape.

11. Sandalwood Powder
e Botanical Name: Santalum album
o Family: Santalaceae
o Active Constituents: Santalol, sesquiterpenes[21]
e Properties: Aromatic, calming, slow-burning

e Role: Acts as a base material for the cone; provides fragrance and aids slow, even burning.

12. Camphor
e Botanical Name: Cinnamomum camphora
e Family: Lauraceae
o Active Constituents: Camphor
o Properties: Strong odor, insect repellent, fumigant

e Role: Enhances combustion, produces dense smoke that drives away mosquitoes.

Formulation Aspects of Herbal Mosquito Repellent Cones

Herbal mosquito repellent cones are incense-like products made primarily from natural plant-based
ingredients that release smoke containing repellent compounds when burned. These cones are widely used
in households and outdoor settings as a traditional and eco-friendly alternative to synthetic mosquito
repellents. The formulation of herbal cones involves careful selection and blending of base materials,
binders, herbal actives, and aromatic agents to ensure effectiveness, safety, and pleasant aroma.

1. Key Components of Herbal Cones[4]

a. Base Materials

These provide the structural framework of the cone and ensure it burns evenly.
e  Wood powder (e.g., sandalwood, sawdust) — Acts as a filler and burnable material.
o Charcoal powder — Enhances combustibility and helps maintain a steady burn.

o Herbal powders (e.g., neem leaves, tulsi leaves, dried lemongrass) — Contribute to the repellent
effect and natural aroma.

b. Binders
Binders are essential to hold the cone shape and maintain integrity during drying and burning.

e Joss powder (from the bark of Machilus tree) — Commonly used in incense due to its natural
binding and combustible properties.

e Gum arabic or guar gum — Plant-based alternatives to synthetic binders.
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¢. Active Herbal Ingredients

These are the core mosquito-repelling agents, typically added as essential oils or powdered plant extracts.

Citronella oil

Neem oil or neem leaf powder[1]

Eucalyptus oil (especially Lemon Eucalyptus)
Lemongrass oil

Tulsi (Holy basil) powder or oil

Camphor (natural) — Acts as both a repellent and combustion aid.

d. Aromatic Enhancers

Added to improve the smell, making the product more pleasant to use.

Lavender oil
Sandalwood powder
Clove oil or powder

Patchouli or vetiver

2. Formulation Process

1.
2.

Dry Mixing: Combine base materials (wood powder, charcoal, herbal powders) thoroughly.

Wet Mixing: Add binders and essential oils slowly while mixing until a dough-like consistency is
achieved.

Shaping: The paste is shaped into small cones by hand or using molds.

Drying: Cones are dried at room temperature or in a drying chamber (under 40-50°C) for several
days to remove moisture.

Packaging: Once completely dry, cones are packed in airtight containers to preserve aroma and
efficacy.

3. Formulation Example (Per 100 g batch)

Ingredient Quantity (g) | Purpose

Wood powder 50 Base material
Charcoal powder | 20 Burn facilitator
Neem leaf powder | 10 Herbal repellent
Joss powder 10 Binder

Citronella oil 3 Active repellent
Eucalyptus oil 2 Active repellent
Lavender oil 1 Aroma enhancement
Water (as needed) | ~4-5 ml For dough formation
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4. Key Considerations[20]

e Burn Time: Cone size, composition, and moisture content affect how long it burns (typically 15—
30 minutes).

e Smoke Quality: Must be tolerable and non-toxic; ensure no synthetic chemicals or irritants are
used.

e Repellency Testing: Evaluate efficacy through laboratory or field tests (e.g., cage tests with dedes
aegypti).

o Shelf Life: Typically 6—12 months; store in a cool, dry place away from sunlight.

5. Safety and Regulatory Aspects
e Ensure all components are non-toxic and safe for indoor use.[11]
o Labeling must comply with regional consumer safety and environmental standards.

o Test for allergic reactions or respiratory irritation, especially when burning indoors.

Advantages and Limitations of Herbal Mosquito Repellent Cones

Herbal mosquito repellent cones offer a natural approach to mosquito control, combining traditional
knowledge with practical application. However, like all repellents, they come with both strengths and
weaknesses.

Advantages
1. Natural and Eco-Friendly

e Made from plant-based ingredients (e.g., neem, citronella, lemongrass).

o Biodegradable and non-polluting, with a lower environmental footprint than synthetic repellents.
2. Safe for Humans and Pets

e Generally free of harsh chemicals like DEET or permethrin.

o Suitable for households with children, elderly, and pets (though ventilation is still important).
3. Dual Function — Repellent and Aromatherapy

e Acts as a mosquito repellent while also releasing pleasant-smelling herbal smoke.

e Some ingredients (lavender, sandalwood) promote relaxation.
4. Easy to Use and Portable

e No need for electricity or complex devices.

e Can be used outdoors (e.g., patios, gardens) or indoors with proper ventilation.[14]
5. Affordable and Accessible

o Often less expensive than synthetic repellents.

o Can be homemade with locally available herbs and powders.
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6. Low Risk of Resistance

o Using a mix of natural oils reduces the likelihood of mosquitoes developing resistance, unlike
some synthetic agents.[17]

Limitations
1. Shorter Duration of Effectiveness
e Herbal cones provide protection mainly during their burn time (typically 15-30 minutes).
o Frequent use or re-lighting may be needed for longer protection.
2. Smoke Production
e Generates smoke that might be irritating to individuals with asthma or respiratory conditions.
e Indoor use may require good ventilation to avoid smoke buildup.
3. Variable Efficacy
e Performance can vary based on the formulation, environment, and mosquito species.
e May not be as effective in high mosquito-density areas compared to synthetic repellents.
4. Weather Sensitivity
e Not ideal for windy or rainy conditions, especially outdoors.
o Smoke disperses quickly in open or breezy areas, reducing effectiveness.
5. Fire Hazard

o Like incense, cones involve open flame or smoldering, which poses a risk if left unattended or
used near flammable items.

6. Storage and Shelf Life
o Essential oils in the cone may degrade over time, especially in humid or hot conditions.

e Requires airtight packaging to retain potency.[16]

Regulatory and Safety Considerations for Herbal Mosquito Repellent Cones

Herbal mosquito repellent cones are often marketed as natural and eco-friendly products, but they must
still comply with regulatory standards to ensure safety, efficacy, and consumer protection. These
considerations cover formulation safety, labeling, manufacturing practices, and environmental
impact.

1. Regulatory Considerations

a. Product Classification

Depending on the country and ingredients used, herbal mosquito repellent cones may fall under:
o Insect repellent products (regulated under pesticide laws).
e Household products (regulated by consumer safety bodies).

o Traditional or herbal remedies (in some regions).[11]
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b. Regulatory Bodies

Different countries regulate these products under various agencies:

Region/Country | Regulatory Body

USA Environmental Protection Agency (EPA)

European Union | European Chemicals Agency (ECHA — Biocidal Products Regulation)

India Central Insecticides Board & Registration Committee (CIB&RC), AYUSH (for
traditional products)

Australia Australian Pesticides and Veterinary Medicines Authority (APVMA)

Others National consumer safety or health departments

c. Registration Requirements
Products may require:
o Toxicology data (e.g., skin irritation, inhalation safety).
o Efficacy data (e.g., repellency percentage against Aedes aegypti or Anopheles).
o Stability data to prove shelf life.
o Ingredient listing, with concentrations and source information.

o Safety certification (e.g., non-toxic, safe for indoor use).

2. Safety Considerations
a. Human Health Risks[6]

o Inhalation safety: Smoke should be free from harmful particulate matter and toxic combustion
byproducts.

o Allergic reactions: Essential oils (e.g., citronella, eucalyptus) can cause skin or respiratory
allergies in sensitive individuals.

o Safe use indoors: Must have warnings for proper ventilation.
b. Fire Hazard
o Cones are flammable and must be used on heat-resistant surfaces.
o Labeling should include instructions to:
o Never leave burning cones unattended.

o Keep away from children and flammable materials.

¢. Child and Pet Safety
e Should be labeled "Keep out of reach of children and pets."

e Natural does not always mean safe—some essential oils are toxic to animals (e.g., eucalyptus to
cats).[9]
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d. Environmental Safety

e Should not contain synthetic additives, artificial fragrances, or pesticides that could cause air
pollution or harm insects other than mosquitoes (like bees).

e Prefer biodegradable packaging.

3. Labeling Guidelines
Herbal repellent cone packaging should include:
e Product name and purpose
o Full list of ingredients (including common and scientific names)
o Instructions for use
e Precautionary statements:
o “Use in well-ventilated areas.”
o “Not for ingestion.”
o “Avoid contact with eyes and skin.”
e Manufacturer details and batch number
e Date of manufacture and expiration

o Certification marks (e.g., eco-labels, regulatory approvals)

4. Good Manufacturing Practices (GMP)
To ensure safety and consistency:[13]
o Use standardized herbal extracts and oils.
e Avoid contamination during manufacturing and packaging.
o Test final products for microbial contamination and chemical residues.

e Follow hygienic drying, shaping, and packaging processes.

5. Claims and Advertising

e Avoid unsubstantiated or exaggerated claims like "100% protection" or “completely safe.”

o Claims must be supported by lab-tested efficacy data or certifications.

e Avoid misleading labels such as "chemical-free" if essential oils (which are chemicals) are used.
Future Prospects and Research Directions for Herbal Mosquito Repellent Cones

Herbal mosquito repellent cones represent a sustainable alternative to synthetic repellents, but their current
limitations—particularly in efficacy and duration—leave room for significant research and development.
The growing interest in eco-friendly pest control, coupled with concerns over insecticide resistance and
chemical safety, makes this a promising area for innovation.[17]
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Future Prospects
1. Rising Consumer Demand
o Increasing preference for natural and organic products.

e Expansion in markets like Asia, Africa, and Latin America, where vector-borne diseases are
prevalent and traditional remedies are culturally accepted.

2. Integration into Public Health Strategies
e Potential for inclusion in community-based mosquito control programs, especially in rural areas.

e Could supplement existing interventions like insecticide-treated nets and indoor spraying,
particularly where synthetic chemical resistance is emerging.

3. Eco-Tourism and Hospitality Applications

e Herbal cones could become standard mosquito control products in eco-resorts, spas, and
hospitality sectors, aligning with their green branding.

Research Directions
1. Formulation Optimization

o Slow-burning technologies: Use of natural fixatives or binders to extend burn time and repellent
release.

e Nano-encapsulation of essential oils: Protects active compounds from degradation, improves
stability, and allows for sustained release during burning.[17]

e Smoke composition analysis: Research into producing less irritant, low-particulate smoke
without reducing efficacy.

2. Synergistic Herbal Blends

o Investigating combinatorial effects of different herbs (e.g., neem + citronella + tulsi) to enhance
repellent action.

o Study of volatile compound interactions to find optimal ratios for efficacy and aroma.
3. Biological and Field Testing

o Standardized efficacy testing protocols against different mosquito species (Adedes, Anopheles,
Culex).

e Real-world trials in high-risk disease areas to measure effectiveness in reducing mosquito bites
or disease transmission.

4. Safety and Toxicology Studies

e Long-term studies on inhalation safety and environmental exposure, particularly for vulnerable
populations.[12]

e Development of low-smoke or smokeless alternatives using herbal vapors or heating rather than
combustion.

5. Smart and Customizable Repellents

o Potential integration with smart devices (e.g., herbal cone diffusers with timers or air quality
Sensors).

e Development of region-specific cone formulations targeting local mosquito species.
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Emerging Research Topics

Area Research Focus

Phytochemistry Isolation and identification of novel mosquito-repelling compounds from
underexplored plants

Green Chemistry Use of sustainable solvents and non-toxic preservatives in cone formulations
Public Health | Assessing cost-effectiveness and community adoption in disease-prone regions
Impact

Climate Adaptation | Studying performance in varying humidity, temperature, and wind conditions

Conclusion

Herbal mosquito repellent cones offer a promising, eco-friendly alternative to synthetic chemical
repellents, combining traditional knowledge with modern formulation techniques. Their advantages—
such as natural ingredients, safety for humans and pets, and pleasant aroma—make them attractive for
personal and community use, especially in regions affected by mosquito-borne diseases. However,
challenges remain, including relatively short protection duration, variability in efficacy, and the need for
proper combustion control to reduce smoke-related irritation. Regulatory oversight and safety testing are
essential to ensure consistent product quality and consumer protection. Looking ahead, research focused
on enhancing the efficacy, stability, and user safety of herbal cones—through innovations like nano-
formulations, synergistic herbal blends, and improved delivery mechanisms—can greatly expand their
utility and market potential. With increasing global interest in sustainable and health-conscious products,
herbal mosquito repellent cones are well-positioned to play a significant role in integrated mosquito
management and public health strategies.
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