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RESEARCH TITLE

Respiratory Toxicity Study of Cumin Oil Against the
Four-Spotted Bean Weevil

Abstract

This study aims to evaluate the insecticidal efficacy of cumin essential oil (Carum carvi)
against the four-spotted bean weevil (Callosobruchus maculatus), one of the most
destructive pests of stored legumes. As concerns grow regarding the hazards of chemical
pesticides, cumin oil represents a promising, natural, and eco-friendly alternative for
protecting stored products. Laboratory experiments were conducted to assess the respiratory
and contact toxicity of cumin oil in comparison with three other plant essential oils: Ferula
gummosa, Pelargonium roseum, and Mentha piperita. Additionally, a nano-formulated
extract of cumin was prepared and tested to enhance efficiency and prolong insecticidal
action.

The results revealed a superior respiratory toxicity of cumin oil, which recorded the lowest
lethal concentration (LC50) after 72 hours among all tested oils, with no significant
difference in susceptibility between male and female insects. The nano-formulated cumin
extract demonstrated a remarkable improvement in performance, achieving over 90% adult
mortality within just 36 hours, along with a significantly extended residual effect and
reduced need for reapplication. Furthermore, sub-lethal concentrations of cumin oil
negatively affected reproductive capacity by reducing the number of eggs laid by treated
females, contributing to long-term population suppression.

Overall, the findings confirm that cumin oil—particularly in its nano-encapsulated form—
serves as an effective and safe option within integrated pest management strategies. It offers
a sustainable alternative that reduces reliance on hazardous chemical pesticides and supports
safer food storage systems. The study recommends developing practical application formats
for the nano-formulation, expanding its testing to other major storage pests, and assessing
residue safety on stored commodities.

Key Words: Respiratory toxicity, Callosobruchus maculatus, camin oil, nano-capsule
formulation, integrated pest management.
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