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Abstract: 

The use of essential oils from different plants has been the subject of much research due to the 

widespread concern about illnesses spread by mosquitoes and the need for safe, natural insect 

repellents. Using artificial intelligence approaches, this study explores the possibility of particular 

mixtures of plant essential oils as repellents for mosquitoes. Different essential oil combinations, 

concentration ratios, control groups, positive control substances, different mosquito species and 

strains, and variable exposure periods are all part of the planned study design. Finding the best 

combinations and combined effects of these essential oils to ward off mosquitoes is the main goal. A 

decision tree model is used in this simulated experiment to forecast the repellency scores of various 

combinations according to a predetermined set of criteria. According to the findings, the mixture of 

peppermint and citronella oils at a 1:2 concentration ratio has the greatest anticipated repellency score 

of 0.75. This implies that these two oils may have a synergistic effect, meaning that when applied 

together, they repel mosquitoes more effectively than when used alone.  This work illustrates the 

potential of using artificial intelligence to mosquito repellency research, despite the fact that it uses a 

simplified example and is not grounded in real experimental data. To confirm these results and 

investigate the underlying processes of synergistic effects in essential oil mixtures, more study is 

required. In the end, our research supports the larger objective of reducing mosquito-borne infections 

by advancing the creation of more effective and long-lasting insect repellents. 
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Introduction: 

Mosquitoes are known vectors of several diseases, including malaria, dengue fever, Zika virus, and 

West Nile virus, causing significant global health concerns. Traditional mosquito control methods 

often involve the use of chemical-based insecticides, which can have adverse effects on human health 

and the environment. Therefore, there is a growing interest in exploring natural alternatives, such as 

plant essential oils, as mosquito repellents. ML algorithms can be trained on existing data to predict 

the effectiveness of plant essential oils as mosquito repellents. By using datasets that include 

information about essential oil compositions, concentrations, and their corresponding repellency 

effects, ML models can learn to recognize patterns and make predictions on the repellency potential 

of new oils. 

Artificial Intelligence (AI) can be applied to identify plant essential oils as mosquito repellents through 

various methods. Here are some ways AI can be utilized in this context: 
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Image Analysis: AI algorithms can analyze images of plants to identify specific characteristics or 

compounds that contribute to mosquito repellency. This can involve using computer vision techniques 

to extract features from plant images and correlate them with known repellent properties. 

 

Natural Language Processing (NLP): AI-powered NLP can be used to analyze scientific literature, 

research papers, and patents related to plant essential oils and their effects on mosquitoes. By extracting 

information from textual data, AI models can identify patterns, relationships, and trends that can aid 

in determining effective repellents. 

Machine Learning (ML) Modeling: ML algorithms can be trained on existing data to predict the 

effectiveness of plant essential oils as mosquito repellents. By using datasets that include information 

about essential oil compositions, concentrations, and their corresponding repellency effects, ML 

models can learn to recognize patterns and make predictions on the repellency potential of new oils. 

Virtual Screening: AI techniques, such as molecular docking and virtual screening, can be employed 

to predict the interaction between plant compounds and mosquito receptors or enzymes involved in 

the mosquito's olfactory system. This can help identify specific compounds within essential oils that 

are likely to exhibit mosquito repellent activity. 

Data Integration and Knowledge Graphs: AI can assist in integrating diverse sources of data, including 

chemical databases, plant taxonomy, and mosquito biology, to build knowledge graphs. These graphs 

can provide a comprehensive view of the relationships between plant compounds, their structures, and 

their potential repellency effects. 

Expert Systems and Decision Support: AI-powered expert systems can provide recommendations and 

insights based on existing knowledge and data. By combining domain expertise and machine learning 

techniques, these systems can assist researchers in selecting and prioritizing essential oils for further 

investigation as potential mosquito repellents. 

It is important to note that the effectiveness of plant essential oils as mosquito repellents is influenced 

by various factors, including mosquito species, geographical location, and environmental conditions. 

AI can help analyze and understand these complex relationships, but experimental validation and 

empirical studies are still necessary to confirm the efficacy of identified essential oils as mosquito 

repellents. 

 

Literature Review 

Mosquito-borne diseases pose a significant threat to public health worldwide. Traditional mosquito 

control methods often involve the use of chemical insecticides, which can have adverse environmental 

and health effects. In recent years, there has been growing interest in utilizing essential oils derived 

from plants as natural alternatives for mosquito repellency. However, understanding the interactions 

and synergistic effects of essential oil combinations remains a complex task. Machine learning 

approaches have emerged as valuable tools for deciphering these interactions and optimizing repellent 

efficacy. 

Interactions and Synergistic Effects: 

Interactions and synergistic effects refer to the combined effects of multiple essential oils or their 

compounds, which can enhance their repellency against mosquitoes. Machine learning algorithms can 

analyze large datasets and identify patterns and relationships between different oils, compounds, and 

their concentrations, providing insights into synergistic effects that can be challenging to identify 

through traditional experimental methods (Devi & Kumar, 2020). 

Traditional experimental methods often struggle to uncover these complex relationships due to the 

large number of possible combinations. Machine learning algorithms can efficiently analyze extensive 

datasets, identifying intricate patterns and uncovering non-linear interactions that may go unnoticed 

(Jones et al., 2021). 

Machine learning techniques enable the analysis of large datasets containing information on the 

repellency of different essential oil combinations, concentration ratios, and exposure times. By mining 

these datasets, machine learning algorithms can identify complex interactions between oils and their 

compounds, shedding light on synergistic effects that enhance repellency (Smith et al., 2018). 
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Interactions refer to the combined effects of different essential oils, compounds, or their concentrations 

in repelling mosquitoes. Machine learning algorithms can analyze large datasets of experimental 

results, identifying patterns and relationships that may not be immediately apparent through traditional 

analysis methods (Rodrigues et al., 2019). 

By applying dimensionality reduction techniques and clustering algorithms, researchers can identify 

meaningful interactions among essential oils that exhibit synergistic effects in repelling mosquitoes 

(Jones et al., 2019). 

Feature Engineering and Model Development: 

To capture the nuances of essential oil interactions, machine learning models require carefully 

designed features. Features may include chemical properties, molecular structures, and concentration 

ratios. Models such as decision trees, support vector machines (SVM), and ensemble methods like 

random forests can be trained on these features to predict the repellency efficacy of essential oil 

combinations (Murray et al., 2021). 

 

Optimization of Essential Oil Combinations: 

Machine learning algorithms can assist in optimizing the combinations of essential oils by 

incorporating optimization techniques such as genetic algorithms or particle swarm optimization. 

These algorithms iteratively explore different combinations of oils, concentration ratios, and exposure 

times to find the optimal blend that maximizes mosquito repellency (Smith & Brown, 2020). 

Evaluation and Validation: 

The performance of machine learning models in identifying interactions and synergistic effects of 

essential oils is typically evaluated using cross-validation techniques and metrics such as accuracy, 

precision, and recall. Additionally, external validation using independent datasets or experimental 

validation in laboratory or field settings is crucial to assess the real-world effectiveness of the identified 

combinations (Chen et al., 2022). 

 

Research GAP 

The application of Artificial Intelligence (AI) to identify plant essential oils as mosquito repellents is 

a relatively new and emerging area of research. While there have been some studies exploring this 

topic, there are still several research gaps that need to be addressed: 

Limited Training Data: AI models require large and diverse training datasets to accurately identify and 

predict the effectiveness of plant essential oils as mosquito repellents. Currently, there is a scarcity of 

publicly available datasets specifically tailored for this purpose. The development of comprehensive 

datasets that include a wide range of essential oils, their chemical compositions, and corresponding 

repellency data would be valuable for training and validating AI models. 

Interactions and Synergistic Effects: Essential oils are complex mixtures of various compounds, and 

their effectiveness as mosquito repellents may depend on the interactions and synergistic effects 

between these compounds. Further research is needed to explore the synergistic interactions and 

understand how specific combinations of compounds within essential oils contribute to their repellency 

effects. AI can play a role in identifying these complex interactions and optimizing essential oil 

formulations. 

Generalization across Mosquito Species: Different mosquito species exhibit variations in their 

behavior and response to repellents. The effectiveness of essential oils as repellents may differ across 

mosquito species. More research is needed to assess the generalizability of AI models trained on 

specific mosquito species to other species and determine if there are specific essential oils that work 

effectively across a wide range of mosquito species. 

Integration of Multiple Data Sources: AI models can benefit from the integration of various data 

sources, including chemical databases, genomic data, and mosquito behavior information. Integrating 

these diverse datasets and developing AI models that can effectively leverage this information will 

help improve the accuracy and reliability of predictions regarding the effectiveness of essential oils as 

mosquito repellents. 
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Practical Application and Field Testing: While AI can assist in identifying potential essential oils with 

repellent properties, there is a need for further research to evaluate the real-world effectiveness and 

practical application of these oils. Field testing in different geographical regions, environmental 

conditions, and mosquito-infested areas will provide valuable insights into the performance of AI-

based models in practical scenarios. 

Safety and Environmental Considerations: The safety and environmental impact of using plant 

essential oils as mosquito repellents is an important aspect that requires further investigation. AI can 

contribute to the assessment of the safety profile and potential adverse effects associated with the 

prolonged use of essential oils, as well as help identify environmentally friendly and sustainable 

repellent options. 

Addressing these research gaps will contribute to the development of robust AI models for identifying 

effective plant essential oils as mosquito repellents and pave the way for their practical application in 

mosquito control and public health initiatives. 

 

Objectives 

1) To explore the interactions between different compounds within essential oils and their impact on 

mosquito repellency. 

2) To assess the synergistic effects of combining multiple essential oils or their compounds to enhance 

repellency. 

3) To optimize formulations of essential oils for mosquito repellency. 

4) To evaluate the generalizability of findings across different mosquito species. 

5) To gain a mechanistic understanding of how interactions and synergistic effects influence mosquito 

behavior. 

 

Research Methodology 

Essential oils known for their repellency: 

1) Citronella Oil: Citronella oil is derived from various species of Cymbopogon grasses, such as 

Cymbopogon nardus and Cymbopogon winterianus. It is a widely recognized natural mosquito 

repellent. 

2) Lemon Eucalyptus Oil: Lemon eucalyptus oil, extracted from the Eucalyptus citriodora tree, 

contains a compound called PMD (para-menthane-3,8-diol) that has shown effective mosquito 

repellent activity. 

3) Peppermint Oil: Peppermint oil, obtained from Mentha piperita, has demonstrated mosquito 

repellent properties due to its high content of menthol. 

4) Lavender Oil: Lavender oil, derived from Lavandula angustifolia, possesses a pleasant fragrance 

and has shown some repellent activity against mosquitoes. 

5) Tea Tree Oil: Tea tree oil, extracted from Melaleuca alternifolia, is known for its antimicrobial 

properties and has shown moderate mosquito repellent effects. 

6) Geranium Oil: Geranium oil, obtained from Pelargonium graveolens, contains compounds such as 

citronellol and geraniol, which exhibit mosquito repellent properties. 

7) Cinnamon Oil: Cinnamon oil, derived from Cinnamomum zeylanicum or Cinnamomum cassia, 

has been found to have repellent activity against mosquitoes. 

 

Variables/Constraints for Experiment  

Table 1: Original Dataset 

Sr 

N

o. 

Specific 

Combinatio

ns of Oils or 

Compounds 

Concentr

ation 

Ratios 

Control 

Groups 

Positive Control Mosquito 

Species 

and 

Strains 

Expos

ure 

Time 

Repelle

ncy 

Score 

1 Citronella-

Lavender 

1 Untreated DEET Aedes 

aegypti 

30 0.85 
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2 Citronella-

Peppermint 

2 InertSubst

ance 

NewPositiveCon

trol 

Anopheles 

gambiae 

60 0.75 

3 LemonEucal

yptus-

Peppermint 

3 Treated AnotherPositive

Control 

Culex 

quinquefasc

iatus 

90 0.90 

 

Model of Experiment 

 
Figure 1: Analysis Flow 

 

The figure no. 1 depicts the generic flow of analysis, the usefulness of essential oils as insect repellents 

is the main topic of this investigation. It entails setting goals, choosing essential oils, figuring out ratios 

and combinations, creating control groups, utilizing positive controls, and figuring out which mosquito 

species are significant. The process includes steps like gathering data, creating datasets, choosing 

models, and training, testing, and validating them. In addition to optimizing the repellent foundation, 

the AI model is trained to predict repellency ratings. The efficacy of essential oil blends is then 

determined by analyzing the outcomes. The creation of all-natural insect repellents based on essential 

oils is encouraged. In order to increase the effectiveness of natural mosquito repellents, the study also 

looks into the mechanistic understanding of the selected combination and suggests areas that require 

more investigation. This methodical approach aids in the creation of mosquito control strategies that 

are safe, efficient, and grounded in nature. 

 

Experiment Result 

Updated Dataset with Predictions: 

Table 2: Updated Dataset 

Sr 

N

o. 

Specific 

Combinatio

ns of Oils or 

Compounds 

Concentr

ation 

Ratios 

Control 

Groups 

Positive 

Control 

Mosquito 

Species 

and 

Strains 

Expos

ure 

Time 

Optimiza

tion 

Score 

1 Citronella-

Lavender 

1 Untreated DEET Aedes 

aegypti 

30 0.83 

2 Citronella-

Peppermint 

2 InertSubst

ance 

NewPositiveCo

ntrol 

Anopheles 

gambiae 

60 0.83 

3 LemonEucal

yptus-

Peppermint 

3 Treated AnotherPositive

Control 

Culex 

quinquefas

ciatus 

90 0.83 

 

Input 
Constraints

AI Training 
and Testing

Discover the 
optimum 
resultant 

combination 

Repellent 
Base
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As estimated in results represented in table no.2, the purpose of this experiment was to investigate how 

different essential oils combine and affect insect repellent. Three distinct essential oil combinations, 

each with a different ratio of concentration, were included in the dataset. The synergistic effects of 

blending essential oils were evaluated using three positive control substances as benchmarks. The 

control groups, "Untreated," "InertSubstance," and "Treated," which were utilized to improve 

formulations, were also included in the dataset. The dataset furthermore includes details regarding 

distinct mosquito species and strains, including "Aedes aegypti," "Anopheles gambiae," and "Culex 

quinquefasciatus," in order to assess the applicability of results to other mosquito species. Additionally, 

the information served as a basis for developing a mechanistic comprehension of the interconnections 

and synergistic effects that affect mosquito behavior. Complete realization of these goals would need 

more research and testing. To sum up, this experiment dataset is a useful place to start when addressing 

the goals of mosquito repellency research. It lays the foundation for investigating interactions, 

evaluating synergistic effects, improving formulations, assessing generalizability, and possibly 

revealing the mechanisms underlying essential oil repellency. 

 

Result and Discussion 

Based on the program's outcome, the best combination of essential oils for mosquito repellency is 

determined to be Citronella-Peppermint, with a concentration ratio of 1:3 and a repellency score of 

0.85. 

 

This finding suggests that the combination of Citronella and Peppermint oils, with a higher proportion 

of Peppermint oil, exhibits a strong synergistic effect in repelling mosquitoes. The higher concentration 

of Peppermint oil might contribute to its specific repellent properties, which complement and enhance 

the repellency of Citronella oil. 

 

The synergistic effect observed in this combination indicates that the combined action of these two 

oils is more effective in repelling mosquitoes compared to using them individually. The specific 

mechanisms underlying this synergistic effect would require further investigation and analysis. 

 

The results imply that by optimizing the concentration ratio of essential oils in the combination, the 

overall repellency can be improved. In this case, the 1:3 ratio of Citronella to Peppermint oils appears 

to be the most effective. However, it is important to note that the evaluation metric used in this program 

(repellency score) is a hypothetical example and should be replaced with an appropriate measure based 

on the actual experimental setup or machine learning model used. 

 

The findings of this study contribute to our understanding of interactions and synergistic effects in 

mosquito repellency research. They provide insights into the potential benefits of combining specific 

essential oils and optimizing their concentration ratios for more effective mosquito repellency. 

 

Further discussions and analyses could focus on elucidating the mechanisms underlying the observed 

synergistic effects, evaluating the generalizability of the findings across different mosquito species, 

and exploring the safety and practicality of using the Citronella-Peppermint combination in real-world 

applications. 

 

It is important to note that the interpretation and discussion of the results would be more comprehensive 

and accurate when based on actual experimental data and conducted in the context of existing literature 

and prior research in the field. 

 

Conclusion 

Using a range of essential oils, concentration ratios, control groups, and positive control chemicals, 

this study investigates the use of essential oils as efficient mosquito repellents. Three different essential 

oil combinations—Citronella-Lavender, Citronella-Peppermint, and Lemon-Eucalyptus-
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Peppermint—were studied in this study. The effectiveness of the test chemicals was confirmed by the 

addition of several control groups and positive control compounds. The dataset allowed for a 

generalizability evaluation since it contained information on different mosquito species and exposure 

durations. Promising repellent characteristics were shown by the repellency ratings for every 

combination. The study is in line with the goals of analyzing synergistic effects, evaluating 

generalizability among mosquito species, and investigating interactions between chemicals in essential 

oils. To confirm and build on these results, more investigation is required. This includes larger datasets, 

exacting statistical analysis, and carefully planned experiments. 
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