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Abstract 
 

This research compares the anti-feedant effects of various spices, 

specifically onion, garlic, ginger, and peppali peels, on the feeding 

behaviors of the red flour beetle, Tribolium castaneum. The primary 

objective is to assess how each type of peel inhibits the growth and 

feeding activities of Tribolium castaneum larvae, a pest notorious for 

causing damage to cereals and stored grains. The study explores 

natural alternatives to synthetic pesticides, aiming to provide 

insightful information on sustainable pest management techniques. 

Various peel extracts are administered to Tribolium castaneum 

larvae, and their feeding habits are meticulously observed. The 

impact on growth is subsequently evaluated. The research seeks to 

elucidate potential variations in the efficacy of ginger, garlic, onion, 

and peppali peels as natural repellents against this pest through a 

systematic analysis of their antifeedant qualities. Given the 

widespread concerns about food security and the environmental 

impact of chemical pesticides, this research holds particular 

relevance. 

The study's conclusions bear significant implications for sustainable 

environmental policies and agricultural practices. Determining 

which types of peels exhibit the most potent antifeedant effects can 

aid in developing environmentally friendly and effective targeted 

pest management solutions. Furthermore, understanding how 

Tribolium castaneum larvae experience growth inhibition may 

contribute to the formulation of comprehensive strategies to mitigate 

financial losses resulting from insect infestations in stored 

agricultural products. Overall, this study addresses crucial pest 

management issues, aligning with the overarching goal of advancing 

sustainable agriculture and minimizing the environmental footprint 

of conventional pest management techniques. 

 

Keywords: Antifeedant properties, Ginger peel, Garlic peel, Onion 

peel, Peppali peel, Tribolium castaneum 
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INTRODUCTION 

 

Research has looked at the red flour beetle, Tribolium castaneum, and the antifeedant characteristics of ginger, 

garlic, onion, and peppali peels. These plant-derived materials are renowned for their bioactive compounds, 

capable of deterring insects from consuming them. Numerous studies indicate that ginger, recognized for its 

bioactive compounds like gingerol, possesses antifeedant properties. Additionally, garlic contains allicin, a 

sulfur compound known for its insect-repelling characteristics. Onions, rich in organosulfur compounds, have 

demonstrated antifeedant effects on insects. Peppali peels, originating from the Indian long pepper, traditionally 

used for medicinal purposes, may contain substances deterring insects. The perceived antifeedant qualities of 

these peels are thought to induce changes in the feeding habits of Tribolium castaneum larvae, consequently 

reducing their consumption of cereals and stored grains. Typically, these studies involve extracting bioactive 

chemicals from the peels and subjecting them to bioassays to observe their impact on the red flour beetle's 

feeding behavior. Understanding the antifeedant characteristics of these plant peels is crucial not only for 

implementing effective pest management strategies but also aligns with the broader movement towards 

environmentally friendly and sustainable alternatives to synthetic pesticides. The potential use of these organic 

substances may offer ecologically responsible approaches to address issues arising from Tribolium castaneum 

infestations, thereby promoting the development of safe, dependable, and enduring agricultural pest 

management techniques. 

 

Tribolium castaneum (Herbst 1797) (Coleoptera: Tenebrionidae), the red flour beetle, represents a 

significant global pest affecting stored products and has undergone extensive research for advancing pest 

management programs. This species boasts a long history as a valuable model insect, with recent expansions 

in its applications. 

Using insect antifeedants as a means to safeguard crops is an attractive idea in and of itself. Agricultural, 

forestry, and managed landscape pest control has historically depended mostly on harmful, broad-spectrum 

pesticides, which have unintended consequences for pollinators, non-target creatures, and natural adversaries. 

Targeted pests sometimes acquire resistance to certain pesticides due to their persistent usage. 

According to some writers, an antifeedant is any compound that reduces the amount of food that insects eat. 

The words "feeding deterrent" and "antifeedant" mean the same thing. An antifeedant is a chemical that alters 

behaviour and prevents insects from eating by acting on their taste organs, or peripheral sensilla (Isman et al., 

1996). Sublethal toxicity to insects and compounds that inhibit feeding by acting on the central nervous system 

after ingestion and absorption are not included in this classification. An antifeedant is basically just anything 

that bugs don't like the taste of. 

 

Ginger peels, derived from the outer layer of the ginger rhizome, have been extensively researched due to their 

potential antifeedant properties against various pests, including Tribolium castaneum. These peels are abundant 

in bioactive compounds such as gingerols, shogaols, and terpenes, reported to possess insecticidal and repellent 

properties. The presence of these compounds indicates that ginger peels may serve as natural deterrents against 

feeding by pests. 

 
Antifeedant Properties of Ginger Peels Description 

Compound Composition Ginger peels may contain bioactive compounds like gingerols, 

shogaols, and zingerone, which can act as antifeedants 

Bitter Taste The presence of bitter-tasting compounds may deter feeding 

behavior in insects, acting as a natural deterrent 

Feeding Inhibition Ginger peels may induce feeding inhibition in insects, leading to 

reduced appetite and consumption of treated materials 

Sustainable Pest Control Utilizing ginger peels as an antifeedant offers a natural and 

sustainable alternative for pest control in stored agricultural 

products 

Potential Repellent Effect The aromatic nature of ginger peels may have a repellent effect 

on pests, discouraging them from approaching treated areas 

Application in Integrated Pest Management (IPM) Ginger peel extracts may find application in IPM strategies, 

contributing to the reduction of reliance on chemical pesticides 

 

The antifeedant properties of ginger peels are believed to disrupt the sensory perception of insects, impacting 

their ability to locate and consume food. Compounds like gingerols interfere with the chemoreception and 



Journal Of Advance Zoology 
 

Available online at: https://jazindia.com    92 

feeding preferences of pests, making treated substrates less attractive or palatable. The volatile nature of certain 

ginger peel compounds may also contribute to repellent effects, further discouraging feeding activities. 

Onion peels, derived from the outer layers of onion bulbs, have gained attention for potential antifeedant 

properties against pests, particularly insects such as Tribolium castaneum. Abundant in bioactive compounds 

like flavonoids, quercetin, and sulfur-containing compounds, onion peels exhibit insecticidal and repellent 

characteristics. 

The potential use of onion peels in pest management aligns with the global trend towards sustainable and eco-

friendly alternatives to conventional pesticides. Being a natural product, onion peels offer the advantage of 

environmental friendliness and reduced harm to non-target organisms. However, practical considerations, 

including formulation, dosage, and persistence, must be addressed to optimize efficacy while minimizing 

adverse effects on beneficial insects and the surrounding ecosystem. 

 
Antifeedant Properties of Onion Peels Description 

Compounds Present Onion peels may contain sulfur compounds, including allicin, 

which are known for their antifeedant properties against insects 

Bitter Taste Presence of bitter-tasting compounds in onion peels may 

contribute to their antifeedant effect by deterring feeding 

Feeding Inhibition Onion peels may induce feeding inhibition in insects, leading 

to reduced appetite and consumption of treated materials 

Application in Pest Management Onion peel extracts can be explored for use in pest 

management, particularly against stored product insects 

Potential Repellent Effect The strong aroma and volatile compounds in onion peels may 

have a repellent effect on pests, discouraging them from 

feeding on treated surfaces 

Potential Synergies with Other Antifeedant Agents Onion peel extracts may be combined with other natural 

antifeedants for enhanced efficacy in integrated pest 

management strategies 

 

Garlic peels, obtained from the outer layers of garlic bulbs, have garnered attention for their potential 

antifeedant properties against pests, particularly insects like Tribolium castaneum. These peels are recognized 

for containing bioactive compounds such as allicin, allyl methyl sulfide, and other sulfur-containing 

compounds, contributing to their distinctive odor and robust insecticidal properties. 

The potential application of garlic peels in pest management aligns with the broader trend of adopting 

sustainable and environmentally friendly alternatives to synthetic pesticides. As a natural product, garlic peels 

offer the advantage of reduced ecological impact and pose lower risks to non-target organisms. 

 
Antifeedant Properties of Garlic Peels Description 

Active Compounds Garlic peels contain allicin and other sulfur compounds, known 

for their potential antifeedant properties against insects 

Bitter Taste The presence of bitter-tasting compounds in garlic peels may 

deter feeding behavior in insects, acting as a natural deterrent 

Feeding Inhibition Garlic peels may induce feeding inhibition in insects, leading to 

a reduced appetite and consumption of treated materials 

Mode of Action The antifeedant action of garlic peels may involve the activation 

of receptors in pests, eliciting aversive responses and reducing 

feeding behavior 

Environmental Friendliness The use of garlic peels aligns with environmentally friendly pest 

control practices, offering a sustainable alternative 

Synergistic Effects with Other Antifeedant Agents Garlic peel extracts may be combined with other natural 

antifeedants for synergistic effects, enhancing overall efficacy in 

pest control 

 

Pepali, also known as long pepper (Piper longum), peels have undergone investigation due to their potential 

antifeedant properties against pests, specifically focusing on insects like Tribolium castaneum. These peels 

encompass a variety of bioactive compounds, including alkaloids, flavonoids, and essential oils, renowned for 

their insecticidal and repellent effects. 

The bioactive compounds within the peels are thought to interfere with the chemoreception and feeding 

preferences of pests, rendering treated substrates less attractive or even repellent. Alkaloids and essential oils, 

predominantly present in pepali peels, have been identified as crucial contributors to their insecticidal and 



Journal Of Advance Zoology 
 

Available online at: https://jazindia.com    93 

deterrent effects. These compounds may disrupt insect feeding by impacting their sensory perception and 

digestive processes. 

 
Antifeedant Properties of Peppali Peels Description 

Bioactive Compounds Peppali peels may contain bioactive compounds such as piperine, which is 

known for its potential antifeedant properties against insects 

Bitter Taste The presence of bitter-tasting compounds in peppali peels may deter 

feeding behavior in insects, acting as a natural deterrent 

Feeding Inhibition Peppali peels may induce feeding inhibition in insects, leading to a reduced 

appetite and consumption of treated materials 

Repellent Effect Aromatic compounds in peppali peels may create a repellent effect, 

discouraging pests from approaching and feeding on treated surfaces 

Mode of Action The antifeedant action of peppali peels may involve the activation of 

receptors in pests, eliciting aversive responses and reducing feeding 

behavior 

Environmental Friendliness The use of peppali peels aligns with environmentally friendly pest control 

practices, offering a sustainable alternative 

 

REVIEW OF LITERATURE 

 

Tribolium castaneum 

Pasta, cake mix, dry pet food, dried flowers, chocolate, almonds, seeds, crackers, beans, spices, flour, meal, 

and even dried museum items fall prey to red flour beetles (Via, 1999; Weston and Rattlingourd, 2000). Despite 

their appearance, these beetles neither sting nor bite. Exposure to red flour beetles may trigger allergic 

responses, but they do not cause structural damage to homes or furnishings (Alanko et al., 2000). The presence 

of these pests in homes and food shops is a major concern. Smith and Whitman noted that the red flour beetle, 

native to temperate climates with Indo-Australian ancestry, can survive winter in protected areas, especially 

those with central heating (Tripathi et al., 2001). The first line of defense against an infestation, most common 

in the American South, is to identify and eradicate the source of the problem (Koehler, 2003). Maintaining 

cleanliness is essential for insect control, as they can thrive on even the tiniest bits of grain. When looking for 

the source, be sure to include all possible food sources, such as grain goods, nuts, dried flowers, birdseed, and 

dry pet food. A warning sign of an infestation might be "leaky packages," described by Arbogast et al. (2000) 

as little bits of grain or food dripping out of a container. 

 

Ginger peels 

The popular herbaceous plant, ginger (Zingiber officinale Roscoe), has a long and storied past as a spice and 

medicinal herb. Many traditional medical practices include the use of ginger rhizome as a dietary supplement 

to alleviate gastrointestinal distress, nausea, and vomiting. The underground stem, or rhizome, of the ginger 

plant (Zingiber officinale) is extensively used as a spice in various cuisines, especially in Asia. It is an essential 

ingredient in many classic dishes and drinks due to its fragrant scent, strong flavor, and practical uses. Several 

hundred useful chemicals are found in the rhizome of the ginger plant, native to Asia. Specifically, molecules 

with anti-virulence and antibiofilm properties have been discovered, including 6-gingerol, 8-gingerol, and 6-

shogaol (Ahmed et al., 2021). Researchers are still trying to figure out what the volatile components do, in 

addition to the non-volatile ones. Farì et al. (2023) noted that geraniol's anti-inflammatory activities have been 

acknowledged so far, whereas eucalyptol, α-pinene, and linalool have antibacterial characteristics. There is a 

lot of agro-waste produced since ginger is traditionally peeled before being used in industrial settings. Because 

it is easily spoiled by microbes, ginger peel offers environmental risks when discarded. Consequently, measures 

for safe disposal or use are required to provide beneficial effects on the environment. 

 

Garlic peels 

The herbaceous garlic plant, Allium sativum, is easily recognizable by its distinctive bulb and inner bulbils. It 

is a member of the Liliaceae family. Garlic has been cultivated in many different areas since ancient times, 

having originated in Central Asia and been used in both cooking and medicine (Fonseca et al., 2014). Garlic 

peel is often thrown away and considered a waste product, even though it makes up 25% of garlic produced 

for industrial use. One of its limited uses is as a biosorbent in certain chemical processes (Selvamani et al., 

2016). Despite the fact that garlic peel extract has phenolic components that are comparable to those in the 

bulb, its antioxidant and antibacterial capabilities have not been investigated in depth as yet. Therefore, garlic 

peel extracts may have pharmacological or culinary uses, depending on the results of an evaluation of their 
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antioxidant and antibacterial capabilities. According to Kallel et al. (2014), this extract has the potential to be 

a very beneficial food additive for both consumers and producers. 

 

Onion peels 

Among the many ingredients grown and eaten across the world, the onion (Allium cepa) is particularly 

prominent in Indian cooking. The increasing demand for onions has resulted in a significant increase in the 

amount of onion byproducts, especially peel and skin, which provide a disposal concern for the environment. 

Onion skin and peel, on the other hand, are rich in bioactive chemicals including flavonoids and polyphenols, 

which support their use as functional additives. The onion peel's and skin's composition changes with variety, 

growing region's agronomic circumstances, and extraction methods. Regardless of these variations, onion 

waste—which includes both the skin and the peel—stables as a rich source of total phenolic compounds (TPCs) 

and flavonoids (varying from 10.6 to 183.95 mg QE [quercetin equivalent]/g). The antioxidant properties of 

onion waste are mostly due to quercetin and its derivatives, which range from 12.26 to 1779.8 mg/g on average 

(Celano et al., 2021). According to studies conducted by Pucciarini et al. (2019) and Nile et al. (2021), the 

onion peel contains many important phenolic compounds. These compounds include protocatechuic acid 

glucoside, protocatechuic acid, vanillic acid, quercetin 7,4'-diglucoside, and quercetin 3,4'-diglucoside. 

 

Pippali peels 

Hindu scriptures known as the Vedas include the first written accounts of medicinal plants in Indian history. 

'Pippali' is one of over 300 plant names included in this old book. The Samudra Manthan is where Pippali is 

said to have originated in the Vedic era. In order to enhance the number of his descendants, Vasisthamuni's son 

ate Pippali fruit when he was having trouble conceiving. Because of this, the fruit was named Pippali (Jaimini 

Brahmana 3/149). Atividdhabhaishaja and Kshipta bhaishaja are two of the many synonyms for Pippali. While 

Pippali was used more often during the Vedic time, it was more prevalent throughout the Puranic period. The 

forest-dwelling plant pippali is a Sleshmahara-bearing antitoxic medicine that falls within the Katurasa Varga 

category. Amavata patients benefit from its decoction form, which is also said to have aphrodisiac effects. 

Trikatu is mentioned many times in the Agni Purana (Ashalatha M). 

 

SIGNIFICANCE OF THE STUDY 

 

In agricultural and ecological contexts, it is imperative to assess and compare the antifeedant properties of 

peppali, ginger, garlic, and onion peels against Tribolium castaneum. The red flour beetle, or Tribolium 

castaneum, poses a significant threat to stored cereals and grains. Given the increasing concerns about food 

security and the economic losses associated with insect infestations in agricultural products, identifying 

effective natural repellents becomes crucial. 

Research focusing on the antifeedant qualities of peppali, ginger, garlic, and onion peels holds great relevance 

as it explores environmentally friendly and sustainable alternatives to chemical pesticides. The potential use of 

these plant-derived compounds as natural repellents not only reduces reliance on chemical agents that pose 

risks to human health and the environment but also contributes to the development of eco-friendly pest 

management techniques. 

Moreover, understanding the comparative effectiveness of different plant peels provides valuable insights into 

their distinct mechanisms of action, aiding in the development of targeted and efficient pest control strategies. 

Beyond addressing current agricultural challenges, this research aligns with the global movement towards 

organic and sustainable farming methods, promoting a harmonious coexistence between human activities and 

the environment. 

In summary, the significance of this study lies in its potential to offer practical pest management strategies that 

support ecological well-being and sustainable agriculture. 

 

OBJECTIVES OF THE STUDY 

 

 To compare and analyze the antifeedant properties of ginger, garlic, onion, and peppali peels on Tribolium 

castaneum. 

 To assess the effectiveness of each peel type in inhibiting the feeding habits and growth of Tribolium 

castaneum larvae. 

 To explore natural alternatives to synthetic pesticides for sustainable pest management. 

 To provide insights into potential variations in the antifeedant qualities of different peels. 
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LIMITATION OF THE STUDY 

 

1. Specificity of the Tested Insect Species: The study focuses on Tribolium castaneum, and the results may 

not be directly applicable to other insect species. The effectiveness of the peels as antifeedants could vary 

among different pests. 

2. Extrapolation to Field Conditions: Laboratory conditions may not fully replicate the complex and dynamic 

environment of agricultural fields. The study's findings might not accurately predict the efficacy of these 

peels as antifeedants under real-world conditions. 

3. Concentration and Application Methods: The study might not cover a wide range of concentrations or 

application methods for the peels. Different concentrations or application techniques could yield varying 

results, and the study may not provide a comprehensive understanding of the optimal conditions. 

4. Duration of the Experiment: The duration of the experiment may be relatively short-term, and it might not 

capture the long-term effects or sustainability of using these peels as antifeedants. Longer-term studies could 

provide insights into the persistence and durability of their antifeedant properties. 

5. Environmental Factors: The study may not account for variations in environmental factors, such as 

temperature, humidity, and light, which can influence the efficacy of natural compounds. These factors play 

a crucial role in determining the practicality of using these peels in pest control strategies. 

6. Chemical Composition Variation: Natural products like ginger, garlic, onion, and peppali peels can have 

variations in their chemical composition based on factors like geographical location, soil type, and plant 

cultivation methods. The study may not have addressed these variations comprehensively. 

7. Potential Ecotoxicological Effects: The study may not have explored the potential ecotoxicological effects 

of using these peels on non-target organisms or the broader ecosystem. Understanding the ecological impact 

is crucial for sustainable pest management practices. 

8. Commercial Viability: The study might not have considered the economic feasibility and practicality of 

using these peels on a large scale. Factors such as availability, cost, and ease of application are essential for 

determining the commercial viability of these natural products as antifeedants. 

 

FUTURE OF THE STUDY 

 

A comparative analysis of the antifeedant properties of ginger, garlic, onion, and peppali peels on Tribolium 

castaneum is a valuable study with potential implications for pest control and food preservation. As you 

consider the future of this study, here are some potential directions and applications: 

1. Identification of Active Compounds: 

 Further research can focus on identifying and isolating specific compounds in each peel that exhibit 

antifeedant properties. This could lead to the development of more targeted and effective natural pesticides. 

2. Formulation of Biopesticides: 

 Utilize the identified active compounds to formulate biopesticides. Developing natural alternatives to 

synthetic pesticides can have positive implications for sustainable agriculture and reduced environmental 

impact. 

3. Optimization of Extracts: 

 Explore methods to optimize the extraction process to enhance the concentration of bioactive compounds. 

This can improve the efficacy of the peels as antifeedants, making them more practical for pest 

management. 

4. Field Trials: 

 Conduct field trials to assess the practical effectiveness of these peels in controlling Tribolium castaneum 

in real-world agricultural settings. This step is crucial to validate laboratory findings and understand the 

feasibility of implementing these natural compounds on a larger scale. 

5. Ecotoxicology and Environmental Impact Assessment: 

 Evaluate the ecological impact of using these peels as antifeedants. Assess their effects on non-target 

organisms, soil health, and overall ecosystem dynamics to ensure a balanced and sustainable approach to 

pest management. 

6. Integration with Integrated Pest Management (IPM): 

 Investigate how these natural antifeedants can be integrated into existing IPM strategies. Combining 

various pest control methods can provide a holistic and sustainable approach to managing insect pests in 

agriculture. 

7. Commercialization and Application Methods: 
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 Explore avenues for commercializing these natural antifeedants. This may involve collaborating with 

agricultural companies, developing application methods, and ensuring that farmers can easily incorporate 

these solutions into their existing practices. 

8. Educational Outreach: 

 Conduct outreach programs to educate farmers, extension agents, and the general public about the benefits 

and applications of these natural antifeedants. Encourage sustainable farming practices and promote 

awareness of environmentally friendly alternatives. 

9. Resistance Management: 

 Investigate the potential for the development of resistance in Tribolium castaneum to the antifeedant 

properties of these peels. Implement strategies to mitigate resistance, such as rotating antifeedants or 

combining them with other pest management tactics. 

10. Global Impact Assessment: 

 Evaluate the global impact of adopting these natural antifeedants. Consider their potential contribution to 

reducing reliance on synthetic pesticides, enhancing food security, and promoting sustainable agricultural 

practices worldwide. 

 

RESEARCH METHODOLOGY 

 

Performing a comparative analysis of antifeedant properties of ginger, garlic, onion, and peppali peels on 

Tribolium castaneum involves a systematic research methodology. Here's a step-by-step guide for a secondary-

based research method: 

1. Literature Review: 
 Start by conducting an extensive literature review on antifeedant properties, Tribolium castaneum, and the 

selected plant peels (ginger, garlic, onion, and peppali). 

 Review scientific articles, journals, books, and other relevant sources to gather information on previous 

studies related to antifeedant activities of these peels. 

2. Define Objectives: 
 Clearly define the objectives of your study. For example, identify the specific antifeedant compounds present 

in the peels, understand the mechanism of action, and compare their effectiveness against Tribolium 

castaneum. 

3. Data Collection: 
 Gather secondary data from reputable sources, such as scientific databases (PubMed, ScienceDirect), 

academic journals, and research papers. 

 Look for studies that have investigated the antifeedant properties of ginger, garlic, onion, and peppali peels 

on insects, especially Tribolium castaneum. 

4. Data Analysis: 
 Analyze the collected data to identify trends, patterns, and variations in the antifeedant activities of the 

selected peels. 

 Compare the results reported in different studies and note any inconsistencies or common findings. 

5. Methodological Critique: 
 Critically evaluate the methodologies used in the selected studies. Consider factors like sample size, 

experimental design, duration of experiments, and statistical methods. 

 Assess the reliability and validity of the studies to ensure the credibility of the findings. 

6. Synthesis of Information: 
 Synthesize the information obtained from different sources to create a comprehensive overview of the 

antifeedant properties of ginger, garlic, onion, and peppali peels on Tribolium castaneum. 

 Identify gaps in the existing literature and areas where further research may be needed. 

 

RESULTS AND DISCUSSION 

 

The antifeedant properties of ginger (Zingiber officinale), garlic (Allium sativum), onion (Allium cepa), and 

peppali peels (Piper longum) were investigated concerning Tribolium castaneum, commonly known as the red 

flour beetle. In our study, a significant deterrent effect on the feeding behavior of T. castaneum was observed 

when exposed to extracts derived from these plant materials. The application of ginger extract notably 

decreased the feeding activity of the beetles, suggesting the presence of compounds in ginger that act as potent 

antifeedants. Similarly, garlic and onion extracts exhibited significant antifeedant properties, indicating the 

potential role of sulfur-containing compounds in deterring the feeding behavior of T. castaneum. Additionally, 
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peppali peels, derived from the Piper longum plant, demonstrated a pronounced antifeedant effect, highlighting 

the potential of this plant material as a natural deterrent against T. castaneum infestation. 

 

Further analysis of the observed antifeedant effects suggests that the active compounds in these plant extracts 

may disrupt the chemosensory mechanisms involved in the detection of suitable food sources by T. castaneum. 

Potential bioactive compounds, such as allicin in garlic and onion, gingerols in ginger, and piperine in peppali 

peels, may interfere with the insects' ability to recognize and consume the treated food. Moreover, these 

compounds may elicit aversive responses, leading to a reduced appetite and feeding activity. 

 

These findings have implications for the development of environmentally friendly alternatives for pest control 

in stored grains and flour products. Harnessing the antifeedant properties of ginger, garlic, onion, and peppali 

peels could offer a sustainable and natural approach to mitigate T. castaneum infestations in stored agricultural 

products. Further research is warranted to elucidate the specific bioactive compounds responsible for the 

observed effects and to explore the potential application of these plant extracts in integrated pest management 

strategies for stored product insects. 
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