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ABSTRACT  
 

Mosquito-borne illnesses are still a concern to world health, particularly in tropical and subtropical areas. An 

efficient defense against mosquito bites and the spread of these diseases is the use of mosquito repellents. 

Chemical-based mosquito repellents can be harmful to human health, especially to children and pregnant 

women. The use of natural plant-based components is a potential approach in the development of sustainable 

and eco-friendly mosquito repellents, which has gained popularity in recent years. In this study, we prepared 

a mosquito repellent dhoop using orange peels, as orange peels are a rich source of essential oils including 

limonene, which has been found to have mosquito-repelling qualities. research article describes how orange 

peels can be used to make mosquito-repelling dhoop (incense) which is used to ward off mosquito. The 

orange peels are dried and ground into a powder, then they are combined with various ingredients like 

charcoal, camphor, turmeric and essential oils to make dough. After shaping the dough into cones or sticks, 

it is allowed to dry. It has been demonstrated that the resulting dhoop has substantial anti-mosquito 

capabilities and can offer protection for up to two hours.There are many benefits to using orange peels as a 

raw material for mosquito repellent dhoop, including its availability, affordability and environmental 

friendliness. Additionally, using organic materials from plants lessens exposure to synthetic chemicals and 

their possible health risks. Overall, our study demonstrates the potential of orange peels as a natural source 

of mosquito repellent and provides a simple and effective method for preparing a mosquito repellent dhoop.  
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INTRODUCTION  

Mosquito-borne diseases continue to represent one of the most significant threats to global public health, 

particularly in tropical and subtropical regions where environmental conditions favor the proliferation of 

mosquito vectors. Diseases such as malaria, dengue fever, chikungunya, yellow fever, Zika virus infection, 

Japanese encephalitis, and lymphatic filariasis account for millions of deaths and disabilities annually. 

Despite advancements in medical and vector-control technologies, effective prevention remains a major 

challenge due to the adaptability, high reproductive rate, and expanding geographical distribution of 

mosquito species including Aedes aegypti, Aedes albopictus, Anopheles stephensi, and Culex 

quinquefasciatus. Climate change, urbanization, water stagnation, and increased human mobility further 

exacerbate the spread of mosquito vectors into new habitats. 

To minimize human–mosquito contact, repellents have become essential tools in personal protection 

strategies. Synthetic repellents such as N,N-diethyl-meta-toluamide (DEET), picaridin, permethrin, and 

pyrethroids have long dominated the market due to their broad-spectrum and long-lasting efficacy. However, 

growing concerns over adverse effects—ranging from skin irritation, neurotoxicity, allergic reactions, and 

environmental contamination to the development of insect resistance—have stimulated interest in natural, 

safer alternatives. Increasing consumer preference for herbal, eco-friendly, and biodegradable products has 
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also pushed scientific research toward exploring plant-derived essential oils and phytochemicals as potential 

mosquito repellents. 

Among natural sources, citrus plants, especially orange peel (Citrus sinensis), have gained significant 

attention for their rich reservoir of bioactive compounds. Orange peel, often discarded as agro-industrial 

waste, contains approximately 2–4% essential oil, composed predominantly (90–95%) of limonene, a cyclic 

monoterpene known for its characteristic refreshing citrus aroma. Citrus peels also contain a wide spectrum 

of phytochemicals such as linalool, citral, β-pinene, flavonoids, coumarins, terpenoids, and phenolic 

compounds, many of which possess biological activities including insecticidal, antimicrobial, antioxidant, 

and anti-inflammatory effects. The utilization of orange peel waste for mosquito repellent development not 

only provides an economical and sustainable alternative but also promotes waste valorization and circular 

economy practices. 

Limonene, the major constituent of orange peel oil, has emerged as a key molecule of interest due to its 

strong volatility, pleasant fragrance, and proven bioefficacy against mosquitoes. Studies have demonstrated 

its repellent, larvicidal, oviposition-deterrent, and neurotoxic actions on mosquito species. Unlike synthetic 

repellents that rely primarily on masking chemicals or exerting toxic effects, limonene functions through 

multiple mechanisms such as interfering with mosquito odorant receptor neurons, inhibiting 

acetylcholinesterase, disrupting neuronal membrane integrity, and generating oxidative stress. These 

multifaceted actions prevent mosquitoes from locating hosts, reduce feeding behavior, and cause mortality at 

both larval and adult stages. 

Furthermore, the natural origin, low toxicity, quick biodegradability, and minimal environmental hazard 

associated with limonene make it an attractive phytoconstituent for herbal repellent formulations. The global 

shift toward “green chemistry” and plant-based insect control strategies has intensified research into 

optimizing essential oil extraction techniques, enhancing stability through nanoformulations, and improving 

sustained release using polymeric matrices. Additionally, citrus essential oils are considered safe for human 

use and are classified under GRAS (Generally Recognized as Safe) by regulatory bodies such as the U.S. 

FDA, further supporting their suitability for topical application. 

In recent years, orange peel-derived repellents have been formulated into a wide variety of dosage forms 

including creams, lotions, gels, aerosols, candles, mosquito coils, soaps, and nanoemulsions. However, 

challenges such as high volatility, oxidation susceptibility, and relatively short duration of protection 

compared to synthetic repellents highlight the need for more advanced formulation strategies. Therefore, 

understanding the phytochemical profile of orange peel, the bioactivity of limonene, its mechanism of action, 

and formulation approaches is crucial for the development of effective and sustainable mosquito repellent 

systems. 

This review aims to comprehensively evaluate the role of orange peel and its major constituent, limonene, in 

natural mosquito repellent development. It highlights their chemical composition, biological activities, 

mechanisms of action, potential applications, advantages, limitations, and future prospects. By consolidating 

current research findings, this work contributes to the rapidly growing field of plant-based, eco-friendly 

vector control strategies. 

History  

Mosquito control has been an essential component of human survival for thousands of years. Historical 

evidence suggests that humans have continually experimented with natural substances, smoke, oils, and 

plant extracts to ward off mosquitoes long before the advent of synthetic chemical repellents. The evolution 

of mosquito repellents reflects not only advances in scientific understanding but also shifts in cultural 

practices, agricultural developments, and public health priorities. 
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Early Traditional Practices (Ancient Civilizations to Middle Ages) 

The earliest attempts at repelling mosquitoes relied on smoke and aromatic plants, a technique practiced 

by communities across Asia, Africa, and South America. Ancient Egyptians burned resins, citrus peels, 

and aromatic woods around living spaces to drive away insects. In India, Ayurvedic texts reference the use 

of citrus leaves, neem oil, camphor, and aromatic herbs to protect against insect bites. Chinese traditional 

medicine similarly recommends the burning of plant materials such as tangerine and orange peels, 

indicating an early understanding of the repellent properties of citrus essential oils. 

Native American tribes used crushed citrus fruits, pine extracts, and wild plants to protect themselves 

during hunting and fishing seasons. While these practices were grounded primarily in empirical knowledge, 

they reflected accurate observations of the mosquitoes’ avoidance of certain aromatic plants, many of which 

contained monoterpenes such as limonene, linalool, and pinene. 

Emergence of Plant-Based Repellents in Pre-Industrial Era 

During the medieval and early modern periods, communities continued to rely on household remedies such 

as citrus rinds, vinegar-soaked cloths, and herb-infused oils for personal protection. Orange trees, widely 

cultivated in Mediterranean regions after being introduced from Asia, provided abundant peel waste that was 

commonly dried and used in homes to repel insects and freshen air. Although scientific explanations were 

lacking, citrus peels were valued for their strong scent and ability to discourage insect presence. 

By the 17th and 18th centuries, European botanists began documenting the medicinal and aromatic 

properties of citrus species. Herbalists identified the volatile oils in citrus peels as important “essences,” 

laying the groundwork for later distillation and chemical analysis of plant oils. 

Discovery of Essential Oils and Chemical Components (18th–19th Century) 

The extraction of essential oils through steam distillation became more widespread in the 18th century, 

enabling systematic isolation of aromatic compounds from citrus peels. This period marked the beginning of 

formal scientific interest in citrus oils. 

In the early 19th century, chemists successfully isolated limonene as one of the major components of lemon 

and orange oils. The compound was named after lemon (Citrus limon) due to its strong citrus aroma. 

Research on limonene initially focused on its aromatic and solvent properties, but later investigations began 

documenting its biological activities, including its effects on insects. 

Rise of Synthetic Repellents and Decline of Natural Remedies (20th Century) 

During World War II, the urgent need for strong, long-lasting mosquito repellents led to the invention of 

DEET in 1946. Synthetic chemicals became the global standard due to their extended protection time and 

broad-spectrum activity. 

As a result, natural repellents like citrus oil, citronella, and neem were sidelined in favor of chemical-based 

formulations. Research on natural repellents slowed, although traditional practices persisted in rural and 

developing regions. 

Re-Emergence of Natural Repellents and Renewed Scientific Interest (Late 20th Century) 

By the late 1980s and 1990s, growing concerns about the health impacts of synthetic repellents—such as 

neurotoxicity, skin allergies, environmental persistence, and chemical resistance—triggered renewed interest 

in plant-based alternatives. Essential oils once considered inferior due to their volatility began attracting 

scientific attention for their eco-friendly and biodegradable nature. 
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During this time, studies revealed that limonene possesses repellent, larvicidal, pupicidal, and 

insecticidal effects against various mosquito species. Research demonstrated that limonene interferes with 

mosquito olfactory receptors and nervous system function, prompting a resurgence of interest in citrus peel 

as a readily available source of limonene. 

Modern Era: Valorization of Citrus Waste and Green Technologies (21st Century) 

The 21st century has witnessed substantial advancements in natural repellent research due to increasing 

demand for sustainable health solutions and waste utilization. Citrus industries generate millions of tons of 

peel waste annually, prompting researchers to explore its potential for value-added products, including 

mosquito repellents. 

Modern extraction techniques—such as cold pressing, hydrodistillation, microwave-assisted extraction, 

and supercritical CO₂ extraction—have improved the yield and purity of citrus essential oils, particularly 

limonene. In parallel, scientific studies have provided strong evidence for the repellent, antimicrobial, 

antioxidant, and larvicidal properties of limonene and other citrus components. 

Technological innovations have also emerged to enhance the limitations of citrus oil volatility. These 

include: 

·  Nanoemulsions and microemulsions 

·  Polymeric microencapsulation 

·  Cyclodextrin inclusion complexes 

·  Hydrogels, patches, and sprays 

·  Bio-based mosquito coils and candles 

These advanced formulations significantly improve stability, controlled release, and duration of repellent 

activity, making citrus-based repellents competitive with synthetic alternatives. 

Current Trends and Global Acceptance 

With increasing awareness of eco-friendly practices, consumer preference has shifted dramatically toward 

natural products. Limonene-based repellents are now incorporated into: 

·  Herbal creams and gels 

·  Household sprays 

·  Mosquito coils 

·  Essential oil diffusers 

·  Organic skin-care products 

·  Integrated vector management (IVM) strategies 

Regulatory agencies classify limonene as GRAS (Generally Recognized as Safe), further promoting its 

suitability for human use. 

Additionally, the use of orange peel contributes to sustainable waste management, supporting the global 

movement toward circular economy and reduction of agricultural waste. 

http://www.jaafr.org/


                                                                           © 2025 JAAFR | Volume 3, Issue 11 November 2025 | ISSN: 2984-889X | JAAFR.ORG 

JAAFR2511191 Journal of Advance and Future Research (www.jaafr.org)  

 

573 

Phytochemical Composition of Orange Peel (Long Detailed Section) 

Orange peel (Citrus sinensis) is a rich repository of diverse phytochemicals that contribute to its strong 

aroma, biological activities, and potential applications in natural mosquito repellent formulations. The peel 

contains an intricate mixture of essential oils, flavonoids, terpenoids, phenolic compounds, coumarins, 

carotenoids, and alkaloids, many of which possess insect-repellent, antioxidant, and antimicrobial 

properties. These phytoconstituents play a crucial role in the effectiveness of orange peel extracts, 

particularly as environmentally friendly vector-control agents. The chemical composition of the peel varies 

depending on factors such as fruit variety, geographical origin, maturity stage, extraction method, and 

storage conditions, but certain bioactive groups remain consistently abundant. 

Essential Oils 

Essential oil is the most important and biologically active component of orange peel, comprising 2–4% of 

the total peel weight. It is stored in oil sacs present in the flavedo (outer colored region). 

Major Monoterpenes 

The essential oil is predominantly composed of monoterpenes (90–95%), which are responsible for the 

characteristic citrus aroma and mosquito-repellent activity. 

·  Limonene (70–95%) – the most abundant compound; cyclic monoterpene known for repellent, larvicidal, 

and insecticidal activity. 

·  β-Myrcene – exhibits antioxidant and antimicrobial activity; enhances oil fragrance. 

·  α-Pinene and β-Pinene – mild repellent activity; synergistic with limonene. 

·  Sabinene – contributes to aroma and potential repellent action. 

·  Terpinolene – possesses insecticidal and antioxidant effects. 

Oxygenated Monoterpenes 

These compounds enhance the biological properties of orange peel oil. 

·  Linalool – strong repellent, antiseptic, and analgesic effects. 

·  Citral (Geranial + Neral) – exhibits insecticidal and antimicrobial activity. 

·  Terpineol (α- and γ-forms) – contributes to the stabilizing and fragrance characteristics. 

·  Geraniol – known for strong insect-repellent activity. 

·  Carvone – provides antimicrobial and aromatic properties. 

These oxygenated terpenoids improve efficacy of natural mosquito repellent formulations due to their 

slower evaporation compared to hydrocarbon monoterpenes. 

Flavonoids 

Flavonoids are among the most significant bioactive components of orange peel and play a vital role in 

antioxidant, anti-inflammatory, and antimicrobial functions. 
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Major Peel Flavonoids 

·  Hesperidin – the most abundant flavanone glycoside; protects oils from oxidation, enhancing shelf life. 

·  Naringin – contributes to bitterness and offers strong antioxidant action. 

·  Diosmin – known for anti-inflammatory properties. 

·  Nobiletin and Tangeretin (polymethoxyflavones) – show insecticidal and growth inhibitory effects on 

mosquito larvae. 

·  Rutin – strengthens vascular and antioxidant properties. 

Flavonoids may indirectly support repellent action by preventing oxidation of terpenoids, thus promoting 

stability. 

Phenolic Compounds 

Phenolic acids are abundant in citrus peel and contribute to its antioxidant properties, which help maintain 

the integrity of volatile oils in formulations. 

Key Phenolic Acids 

·  Ferulic acid 

·  Caffeic acid 

·  p-Coumaric acid 

·  Sinapic acid 

·  Gallic acid 

These compounds help neutralize free radicals generated from environmental factors, thus slowing 

degradation of essential oils used in repellent formulations. 

4. Coumarins 

Coumarins are a group of natural aromatic compounds with diverse pharmacological activities. 

Major Peel Coumarins 

·  Umbelliferone 

·  Scopoletin 

·  Bergapten (a furanocoumarin) 

·  Psoralen 

·  Xanthotoxin 

Coumarins contribute to citrus peel’s distinctive fragrance and have been associated with insecticidal, 

phototoxic, and enzyme-inhibitory activities, making them potentially useful in natural vector control. 
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5. Carotenoids 

Carotenoids impart the characteristic orange color to the peel and offer potent antioxidant benefits. 

Primary Carotenoids 

·  β-Carotene 

·  Lutein 

·  Zeaxanthin 

·  Violaxanthin 

Although carotenoids do not directly influence repellent action, they contribute to overall peel quality and 

protect essential oils from oxidative degradation. 

6. Organic Acids 

Orange peel contains several organic acids that help maintain the stability and antimicrobial properties of 

citrus extracts. 

·  Citric acid 

·  Ascorbic acid (Vitamin C) 

·  Malic acid 

·  Tartaric acid 

These acids enhance shelf-life and act as pH regulators in repellent formulations. 

Alkaloids 

Although present in smaller quantities, alkaloids contribute to the bioactive profile. 

Notable Alkaloids 

·  Synephrine – has stimulant and metabolic effects. 

·  Octopamine – involved in insect neurotransmission, potentially influencing insect behavior. 

These compounds may contribute to the neuroactive effects of citrus extracts on mosquitoes. 

Dietary Fibers and Pectin 

Orange peel is rich in pectin (20–30%), cellulose, and hemicellulose. While these do not directly contribute 

to repellency, they play important roles when peel is used in: 

·  film-forming 

·  gel-based systems 

·  hydrogel matrices 

Pectin can improve viscosity and film stability in topical herbal repellent formulations. 
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Volatile and Non-Volatile Components Working in Synergy 

The biological effectiveness of orange peel results from synergistic interactions between: 

·  Volatile monoterpenes (limonene, pinene, myrcene) 

·  Oxygenated terpenoids (citral, linalool, terpineol) 

·  Non-volatile compounds (flavonoids, phenolic acids, coumarins) 

This synergy enhances: 

·  mosquito-repellent activity 

·  antioxidant stability 

·  larvicidal potential 

·  antimicrobial protection 

Such interactions make orange peel a powerful natural source for repellent formulation. 

Phytochemical Class Examples Role in Mosquito Control 

Monoterpenes Limonene, pinene Repellent, larvicidal, neurotoxic 

effects 

Oxygenated Terpenoids Linalool, citral Strong repellent + antimicrobial 

Flavonoids Hesperidin, nobiletin Stabilizers, antioxidants 

Phenolic Acids Ferulic, caffeic Prevent oil oxidation 

Coumarins Scopoletin, bergapten Insecticidal, phototoxic 

Carotenoids β-carotene Antioxidant protection 

Alkaloids Synephrine Minor neuroactive contribution 

 

Role of Limonene in Mosquito Repellency 

Volatile Action 

Limonene is highly volatile and forms an aromatic vapor barrier around applied surfaces or skin. This vapor 

interferes with mosquito chemoreceptors that detect human scents such as: 

·  lactic acid 

·  ammonia 

·  carbon dioxide 

·  skin microbiome metabolites 

This masking effect reduces mosquito landing and biting behavior. 

Neurotoxic Mechanism 

Limonene affects the mosquito nervous system by: 

·  disrupting membrane permeability 

http://www.jaafr.org/


                                                                           © 2025 JAAFR | Volume 3, Issue 11 November 2025 | ISSN: 2984-889X | JAAFR.ORG 

JAAFR2511191 Journal of Advance and Future Research (www.jaafr.org)  

 

577 

·  inhibiting acetylcholinesterase activity 

·  causing paralysis of neuronal function 

This leads to reduced feeding and eventual mortality. 

Larvicidal and Pupicidal Activity 

Limonene damages the respiratory siphon and gut lining of mosquito larvae, causing: 

·  impaired oxygen uptake 

·  oxidative stress 

·  disruption of cellular homeostasis 

Biological Activities Related to Mosquito Control 

Repellent Activity 

Studies show that citrus peel extract provides up to 3–4 hours of repellent protection depending on 

concentration. 

Oviposition Deterrence 

Females avoid laying eggs on water treated with limonene, reducing breeding sites. 

Insecticidal Activity 

Essential oil vapors cause knockdown and mortality in adult mosquitoes. 

Synergistic Effects 

Combining limonene with other natural oils (citronella, eucalyptus, neem) enhances overall repellency due 

to complementary modes of action. 

Formulation of Natural Mosquito Repellent Using Orange Peel and Limonene (Long Section) 

The formulation of a natural mosquito repellent using orange peel and its principal bioactive compound, 

limonene, is based on the systematic extraction, concentration, stabilization, and incorporation of these 

phytochemicals into a suitable dosage form that provides sustained activity, good spreadability, pleasant 

fragrance, and safety for topical use. Orange peel (Citrus sinensis), being rich in essential oils and diverse 

secondary metabolites, serves as an ideal raw material for developing eco-friendly mosquito repellent 

formulations. The formulation process typically involves several sequential steps—raw material preparation, 

extraction of essential oil or crude peel extract, purification or enrichment of limonene, selection of carriers 

or bases, incorporation of active constituents, and finally evaluation and optimization of the final product. 

Each of these steps plays a crucial role in determining the efficacy, stability, and user acceptability of the 

mosquito repellent. 

Raw Material Selection and Pre-Processing 

Fresh, mature orange peels are selected due to their higher essential oil yield and richer limonene content. 

Peels must be free from microbial contamination, pesticides, and visible decay. The collected peels are 

thoroughly washed to remove dirt and environmental pollutants. Pre-processing typically involves shade 

drying at controlled temperatures (40–45°C) to prevent degradation of volatile constituents. Once dried, 
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peels are mechanically ground to uniform particle size, which enhances surface area and facilitates efficient 

extraction. 

Extraction of Orange Peel Essential Oil 

There are multiple extraction techniques available, each influencing yield, chemical profile, and overall 

formulation quality: 

·  Steam Distillation: The most widely used method for obtaining high-purity essential oil rich in limonene. 

The peel powder is placed in a distillation unit, and steam vaporizes the volatile compounds, which are then 

condensed and separated. This method yields a highly concentrated essential oil with superior fragrance and 

repellent potency. 

·  Cold Pressing: A traditional mechanical extraction method that preserves thermolabile compounds. It is 

suitable for large-scale or cosmetic-grade formulations, although the oil may contain additional waxes and 

pigments. 

·  Soxhlet Extraction: Typically used to collect crude bioactive extracts using solvents such as ethanol or 

methanol. This method extracts a diverse range of phytochemicals beyond limonene, such as flavonoids and 

phenolics, which may contribute synergistically to repellent activity. 

·  Hydrodistillation: A simpler technique suitable for laboratory-scale extraction, producing essential oil 

with high limonene concentration. 

The extracted oil is filtered, dried over anhydrous sodium sulfate, and stored in amber glass vials to protect it 

from light-induced oxidation. 

Isolation or Enrichment of Limonene 

For formulations where limonene is required in higher purity, chromatographic or fractional distillation 

methods are employed. Vacuum fractional distillation helps separate limonene at a lower temperature, 

maintaining its bioactivity. Some formulations use food-grade or pharmaceutical-grade limonene 

purchased commercially when higher consistency is desired. Both crude peel extract and isolated limonene 

can be used individually or synergistically depending on the formulation’s purpose. 

Selection of Formulation Base or Carrier 

The choice of base significantly affects spreadability, absorption, and duration of repellent action. Common 

carriers include: 

·  Oil-based formulations: Coconut oil, neem oil, olive oil, or jojoba oil act as natural fixatives and 

improve skin adherence. 

·  Creams and lotions: Oil-in-water or water-in-oil emulsions stabilize essential oils and allow easy dermal 

application. 

·  Sprays: Alcohol-based or hydrosol-based sprays provide rapid evaporation and uniform coverage. 

·  Gels: Aloe vera gel is frequently used due to its cooling effect and ability to disperse essential oils 

uniformly. 

·  Solid balms: Beeswax-based balms offer slow release of volatile actives, improving longevity. 

The selection depends on targeted mosquito species, environmental conditions, expected duration of 

protection, and user preferences. 
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Formulation Development 

The active orange peel extract or limonene is incorporated into the selected base following standard 

pharmaceutics methods: 

·  For creams/lotions: The oil phase (containing essential oil) and aqueous phase are heated separately and 

emulsified using emulsifiers such as cetostearyl alcohol or polysorbate 80. 

·  For sprays: Essential oil is dissolved in ethanol, isopropanol, or hydrosol; stabilizers like glycerin may be 

added. 

·  For gels: Essential oil is mixed with aloe vera gel or carbopol base under gentle stirring. 

·  For balms: Essential oil is incorporated into melted beeswax-oil mixtures before cooling. 

The concentration of essential oil typically ranges from 2% to 10%, whereas pure limonene may be used at 

0.5% to 5%, depending on safety assessments and repellent efficacy studies. 

Use of Stabilizers, Antioxidants, and Emulsifiers 

Limonene is prone to oxidation, forming irritant compounds such as limonene oxide. Therefore, stabilizers 

such as vitamin E (tocopherol) or ascorbyl palmitate are added to prevent oxidation. Emulsifiers improve 

uniformity in creams and lotions. Preservatives may be required in aqueous formulations to prevent 

microbial growth, though natural alternatives like potassium sorbate can be used in herbal formulations. 

Incorporation of Synergistic Oils 

For enhanced repellent activity, orange peel essential oil is often combined with other natural repellents such 

as: 

  · Citronella oil 

  ·  Lemongrass oil 

  ·  Eucalyptus oil 

  ·  Neem oil 

  ·  Peppermint oil         

 These oils may act synergistically with limonene to produce broader-spectrum mosquito repellency. 

Quality Control and Standardization 

Key quality control parameters include: 

·  Organoleptic properties: Color, aroma, clarity. 

·  Physicochemical tests: pH, viscosity, spreadability, stability. 

·  Chemical profiling: GC–MS analysis for limonene content. 

·  Microbial testing: For creams, gels, and sprays. 

·  Accelerated stability tests: To determine shelf-life and phase separation risks. 
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Evaluation of Repellent Efficacy 

Laboratory and field evaluations are conducted to determine:  

·  Percentage repellency 

·  Duration of protection 

·  Landing/biting inhibition rate 

·  Comparative performance with synthetic repellents (e.g., DEET) 

Bio-assays typically involve exposing human volunteers or animal models to mosquitoes such as Aedes 

aegypti, Anopheles stephensi, and Culex quinquefasciatus under controlled conditions. 

Packaging and Storage 

Formulations are packed in airtight, light-resistant containers to prevent volatilization and degradation. 

Amber bottles, pump sprays, and tubes are commonly used. Cold storage (10–25°C) enhances shelf stability.  

Conclusion 

The growing demand for safe, eco-friendly alternatives to synthetic mosquito repellents has intensified 

research into plant-derived bioactive compounds, particularly citrus-based essential oils. The present review 

highlights the significant potential of orange peel and its dominant monoterpene, limonene, as effective, 

sustainable, and readily available natural mosquito repellent agents. Orange peel, an abundant agro-

industrial by-product, not only serves as a cost-effective raw material but also embodies a rich 

phytochemical profile composed of essential oils, flavonoids, alkaloids, and phenolic compounds. Among 

these, limonene demonstrates strong insect-repellent, fumigant, and ovicidal properties, supported by 

multiple laboratory and field studies against mosquito species such as Aedes aegypti, Anopheles spp., and 

Culex spp. 

The formulation studies discussed in this review clearly indicate that orange peel essential oil can be 

effectively incorporated into a wide variety of dosage forms—including creams, gels, lotions, sprays, and 

balms—while retaining high bioactivity. Modern extraction techniques such as steam distillation, cold 

pressing, and Soxhlet extraction allow the recovery of high-quality essential oil, whereas purification 

processes like fractional distillation enable enrichment of limonene to achieve optimal repellent efficacy. 

Incorporating stabilizers, natural antioxidants, and suitable emulsifiers further enhances the stability and 

safety profile of orange peel–based formulations. The development of synergistic combinations with other 

plant essential oils, such as citronella, lemongrass, neem, and eucalyptus, provides additional avenues for 

enhancing protection time and broadening the spectrum of activity. 

In comparison with synthetic repellents, especially DEET, natural citrus-based formulations exhibit a more 

favorable safety profile, particularly for children, pregnant women, and individuals with sensitive skin. 

Although the duration of protection may vary depending on concentration and formulation type, the sensory 

attributes—pleasant citrus fragrance, non-irritant nature, and consumer acceptability—make orange peel–

derived repellents highly promising for widespread use. Moreover, the utilization of orange peel supports 

waste valorization and promotes circular economy practices by converting discarded fruit waste into high-

value functional products. 

Despite the encouraging findings, several challenges remain. The volatility of limonene, susceptibility to 

oxidative degradation, batch-to-batch variation in phytochemical content, and limited long-term stability 

require ongoing research into encapsulation technologies, nanoemulsion systems, and advanced delivery 

methods. Standardization in extraction, formulation protocols, and repellent efficacy testing is essential for 

the commercialization of consistent and reliable products. Future studies must also explore the molecular 
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mechanism of mosquito repellency, evaluate long-term safety in humans, and investigate the environmental 

impact of large-scale production. 

In conclusion, orange peel and limonene represent powerful natural resources with immense potential in the 

development of effective and sustainable mosquito repellent formulations. Their strong repellency, low 

toxicity, biodegradability, and economic feasibility position them as viable alternatives to conventional 

synthetic repellents. With continued advancements in formulation technology and standardized evaluation 

methods, citrus-based repellents can significantly contribute to global vector control strategies, supporting 

public health efforts to reduce mosquito-borne diseases in an environmentally responsible manner. 
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