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Abstract. Sabit FA, Abdullah MA, Elhadeeti SAK. 2025. Study of the contact effect of stearic acid on Trogoderma granarium Everts, 
1898 (Coleoptera: Dermestidae) in the laboratory. Asian J Agric 9: 185-190. The hairy grain beetle, Trogoderma granarium Everts, 

1898 is a hazardous pest that infests grains and causes great losses in the stores. Stearic acid is a suitable alternative to synthetic 
insecticides and a safe option to prevent infestation. The current experiment was conducted to investigate the effects of stearic acid on 
the adult, larval, pupal, and egg stages of T. granarium, through the direct treatment of stearic acid on beetle adults, larvae, pupal and 
eggs stages at exposure times of 5, 10, and 15 hours and concentrations of 20, 40, 60, and 80 ppm. Adult mortality rates varied, with the 
lowest value at 20 ppm concentration and exposure time of 5 hours being 46.66%, and the highest mortality (100.00%) was at 80 ppm 
and 15 hours. Larvae mortality rates varied between concentrations, with the highest rates at 80 ppm and 15 hours of exposure time, 
which reached 93.33%, and the lowest was 26.66% at 5 ppm and 5 hours. The lowest mortality rate of the pupal stage was 14.45% at 20 
ppm concentration and 5 hours (exposure time), while the best results were 80.00% at 80 ppm concentration and 15 hours (exposure 

time). The finding showed that the optimal concentration for controlling T. granarium, the egg was 80 ppm stearic acid and an 
(exposure time) of 15 hours, resulting in the most significant egg damage of 61.54%. The study concluded that stearic acid has a positive 
lethal impact on T. granarium in different stages.  
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INTRODUCTION 

It is well acknowledged that grain crops like wheat, 

have high levels of carbohydrates, proteins, and fats. 

Therefore, people consider it as one of their staple food and 

tend to store or consume it in times of need (Gadimov et al. 

2009). Insect infestations can damage or destroy products, 
resulting in losses of up to millions of dollars to producers 

and retailers annually (Demissie et al. 2008). Post-harvest 

insects migrate for mates, food, and shelter (Tyagi et al. 

2019). Insect pests infest stored products from harvest 

through storage, processing, transportation, and retail and 

consumer, enabling researchers to identify potential weak 

points in storage that contribute to increased insect damage 

(Abdullah et al. 2023).  

The hairy grain beetle Trogoderma granarium Everts, 

1898 (khapra), which belongs to the Dermestidae family, 

Coleoptera order, and is among the most critical and 
dangerous insect pests that infest stored products, 

represents a major and continuous threat (Sabit and Ali 

2020; Al-Saffar and Augul 2022; Hameed et al. 2023). 

Moreover, this species is considered the most crucial 

quarantine insect of stored products in various parts of the 

world in tropical and subtropical regions, such as Australia, 

Russia, and the USA (Kavallieratos et al. 2019; Zhao et al. 

2021). It is one of the world's 100 most dangerous invasive 

species because its larvae can survive in severe conditions 
(Al-Saffar and Augul 2022). Like many storage pests, T. 

granarium has been transferred to other parts of the world 

in recent centuries through international trade, although 

adults do not fly. The khapra insect (T. granarium) is now 

distributed in more than 40 countries in Asia, the Middle 

East, Africa, and Europe. In Iraq, there are 31 species of 

stored product insects recorded, 16 genera, 8 families, and 

2 orders of insects spread in most parts where grain is 
stored; the top rank is T. granarium (Khalique et al. 2018). 

Larvae of T. granarium are considered much more 

harmful than adult beetles concerning control methods 

(Athanassiou et al. 2015). The larvae feed on whole stored 

products including cereal crops such as wheat, barley, rice, 

and other food products. Infestation can be heavy, with 

weight losses of 5-30%; in extreme infestations, it can be 
73% globally (Singh et al. 2017). Damaged grains cause a 

significant loss in weight, germination, and value of 

damaged grains, mainly at severe infestation (Rajput et al. 

2015). 
The management of the khapra insect is based mainly 

on synthetic chemical pesticides (Abdullah et al. 2024; 

Haitham et al. 2022). The continuous use of insecticides to 

manage warehoused product insects has resulted in high 

environmental risks for humans and animals (Ali and Ali 

2016; Almamoory and Al-Mayaly 2018). Hence, 

alternative management methods have been used for the 

control of T. granarium, such as the application of ozone, 

temperature, plant extracts, and fatty acids in its control 

(Sabeat 2017; Abdul Hadi and Al-Khazraji 2021; Hadi and 

Sabit 2023; Sabet and Sabr 2023). 
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Also, fatty acids have been applied lately to manage 

insect infestations. They have been extensively used, 

particularly oleic and linoleic acids, as they have been 

developed to have suitable pesticidal properties (Rahuman 

et al. 2008). Polytrichastrum formosum hexane extracts 

showed the highest lethal activity reaching 70.33% against 

Sitophilus granarius (C.Linnaeus, 1758). Contact toxicity 

effects using a single dose of palmitic, lauric, and myristic 

acids showed that the highest mortality rate (53.34%) was 

achieved using the myristic acid among the other tested 
pure fatty acids; lauric and palmitic acids were 4.32 and 

17.75%, respectively (Abay et al. 2013). A study by 

Salinas-Sánchez et al. (2020) showed that ethyl acetate 

fraction of Serjania schiedeana Schltdl. (Sapindaceae) 

stems eradicated 78% at 10,000 ppm with an LC50 value of 

6,008 ppm in 72 h against adults of Melanaphis sacchari 

(Zehntner, 1897). Commercial fatty acids and b-sitosterol 

have better aphicidal activity, with mean insecticidal 

concentrations ranging from 1,000 to 3,000 ppm in 72 h. 

The chemical analysis of the S. schiedeana extract showed 

that methyl palmitate is the main compound (38.6%). A 
study by Salinas-Sánchez et al. (2021) showed that a leaves 

fraction of Ricinus communis L eradicated 92% at 10,000 

ppm, with an LC50 value of 1,427 ppm in 72 h against 

Sipha flava (Forbes, 1884) (Hemiptera: Aphididae). The 

chemical analysis revealed that linoleic acid is the primary 

compound in the active fraction (84.5%); in comparison, 

commercial linoleic acid at a concentration of 2,500 ppm 

had mortality and LC50 value of 85% and 1,181 ppm at 72 

h after treatment, respectively. A study by Cantrell et al. 

(2011) showed that the fatty acids of Jatropha curcas L. 

seed oil have activity as mosquito repellent against Aedes 
(Stegomyia) aegypti (Linnaeus, 1762) (Diptera: Culicidae) 

at a concentration of 20 nmol/cm2. 

In another study to estimate the effectiveness of fatty 

acids in the laboratory on the larvae of the Earias insulana 

(Boisduval, 1833) revealed that oleic acid and stearic acid 

affected more than linoleic acid at different concentrations 

the survival time of larvae and pupae reducing it to 18.93 

and 10.19 days respectively compared to the other acids 

tested (Moustafa et al. 2018). A study by Aquilar-

Marcelino et al. (2022) revealed that stearic and palmitic 

fatty acids were active against M. sacchari by fumigation 

of particles at rates of 74 and 63%, respectively, at 2500 
ppm concentration and 72 hours exposure time. A recent 

study by Hadi and Sabit (2023) that evaluated the 

efficiency of fumigation using two fatty acids as a natural 

and safe alternative to synthetic pesticides in management 

eggs and pupa of T. granarium, the results showed that 

treating the insect eggs with fumes resulted in high rates of 

inhibition of egg hatching (Hadi and Sabit 2023). The 

effect of fatty acids on insect mortality involves physical 

and chemical disruption of the insect's protective barriers, 

leading to insectʾs death by suffocation, dehydration, or 

cell damage. It is often used alone or combined with other 
ingredients to enhance effectiveness (Bernklau et al. 2016). 

This study aimed to evaluate the effectiveness and 

efficiency of stearic acid by contact method as an accepted 

and harmless alternative to chemical pesticides in 

managing the larval, pupal, and adult stages of the hairy 

grain beetle T. granarium. 

MATERIALS AND METHODS  

Insect rearing 

The beetle, T. granarium was obtained from infested 

grains in the warehouse insect laboratory – at the 

University of Baghdad. The beetles were placed in a 

containers made of sterilized plastic with a capacity of 500 
mL. Insects were fed on wheat grains of the Ibaa 99 

variety, and the new eggs deposited, adults, larvae, and 

pupae were separated carefully for further experiments. 

The insect rearing and experiments were carried out in the 

laboratory of the plant protection department, which is 

affiliated with Agricultural Engineering Sciences 

College/Baghdad University. New wheat grains were 

frozen at a temperature of -20°C for (14) days to ensure 

they were free from pests infestation, they were then placed 

in an incubator at 35 ± 1°C and 65 ± 5 (humidity). 3 g of 

KOH compound was placed in water (100 mL) in a tightly 

sealed glass container to stabilize the humidity. 

Preparation of stearic acid concentrations 

The stearic acid concentrations were prepared by 

putting 1 mL of 99% (ethanol) in a 1000 mL container and 

dissolving 20 microliters of stearic acid inside it using a 

microliter device and completed it to a volume of 1000 mL 

by adding distilled water in which fatty acid to the solvent 

ratio solution became (20) parts per million. Other 

concentrations (40, 60, and 80 ppm) were prepared, and the 
comparison treatments (ethanol and water) were prepared 

using a similar procedure. 

Bioevaluation by contact with stearic acid on T. granarium  

The different stages of T. granarium (eggs, larvae, 

pupae, and adults) were sprayed with a small hand sprayer 

at a capacity of 20 mL and at a distance of 15 cm from the 

dish at a rate of 1 mL/dish to ensure the homogeneity of the 

solution for all dishes (three replicates, 10 individuals from 

each stage for every replicate) for the different treatments 

and stages in addition to the control treatment (only treated 

with ethanol and water). All dishes were placed in the 
incubator under the indicated conditions (35 ± 1°C t and 65 

± 5 h). The mortality data were recorded every 5 hours and 

for 15 hours and corrected using (Abbott 1925) formula. 

Statistical analysis  

Experiments were designed according to Complete 

Randomized Design (CRD) (Shaaban and Al-Mallah 

1991). Data were subjected to a one-way ANOVA of insect 

mortality, and statistical analysis was conducted using 

GenStat software at a significant level of p>0.05. 

 

https://en.wikipedia.org/wiki/Melanaphis_sacchari
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RESULTS AND DISCUSSION 

Direct effect of stearic acid application on adults of T. 

granarium  

Table 1 shows stearic acidʾs effect on T. granarium 

adults at concentrations of 20, 40, 60, and 80 ppm and 

exposure time of 5, 10, and 15h. The means of adult 

mortality percentages at 20, 40, 60, and 80 ppm 

concentration reached 58.88, 71.55, 79.00, and 91.11% 

respectively. The effect of exposure time (5, 10, and 15 h) 

had a mortality rate of 61.91, 79.17, and 84.33% 
respectively. The lowest mortality rate was 46.66% at 20 

ppm and 5h, and the best results were 100.0% at 80 ppm 

and 15h.  

Increasing concentration increases the mortality rate 

significantly in the adult stage of T. granarium (Table 1). 

However, the exposure time of 5 hours had a significantly 

lower mortality rate than that of 10 and 15 hours. The 

synergistic effect of the concentration and the exposure 

time had a more significant impact on the insect. 

Direct effect of stearic acid on T. granarium larvae 

Table 2 shows stearic acid's effect on larvae of T. 
granarium at concentration of 20, 40, 60, and 80 ppm and 

exposure time of 5, 10, and 15h. The larvae mortality 

percentages at concentration of 20, 40, 60, and 80 ppm 

were 36.66, 52.22, 67.78, and 76.66%, respectively. At the 

same time, three exposure times resulted in mortality rates 

of 45.83, 58.33, and 70.83%, respectively. The lowest 

mortality rate (26.66%) was obtained at the concentration 

of 20 ppm and the exposure time of 5h, and the highest 

mortality was 93.33% at the concentration of 80 ppm and 

at the exposure time of 15h. The lowest percentage of 

larvae mortality was obtained at a concentration of 20 ppm 
and exposure time 5h, which reached 26.66%, and the 

highest rate was 93.33% at 80 ppm and 15h exposure time.  

The results showed that mortality percentage of 60 and 

80 ppm concentration was not significantly different. 

However, the treatment of 20 and 40 ppm had a lower 

mortality percentage significantly than 60 and 80 ppm. The 

increasing exposure time increased significantly mortality 

percentage of the larvae. The synergistic effect of the 

concentration and exposure time treatments might had a 

greater impact on the larvae mortality rates. 

Direct effect of stearic acid on T. granarium pupae 

Table 3 shows the effect of stearic acid on the pupal 

stage of T. granarium at concentration of 20, 40, 60, and 80 

ppm and exposure time of 5, 10, and 15h. The results 

showed that the highest mortality rate was 80.00% at 

concentration of 80 ppm and 15h as exposure time. The 

pupal mortality percentages at concentration of 20, 40, 60, 

and 80 ppm were 19.19, 29.08, 31.44, and 63.26% 

respectively, while their mortality rate at the three exposure 

time reached 25.75, 38.37, and 50.78% respectively. The 
lowest mortality was 14.45% at the concentration of 20 

ppm and at the exposure time of 5h, and the highest 

mortality was 80.00% at the concentration of 80 ppm and 

at the exposure time of 15h. 

The mortality percentage of 80 ppm was significantly 

higher than the other treatments in the pupae. However, the 

mortality rates for the 40 and 60 ppm treatments were not 

significantly different. Increasing exposure time increases 

the mortality percentage significantly. The inreaction of 

exposure time and concentration were all significant except 

for the interaction at the concentration of 40 ppm and 
exposure time of 10h, and the synergistic effect of the 

interaction treatments between concentration and exposure 

time was more influential on the mortality percentages.  

Direct effect of stearic acid on T. granarium eggs  

Table 4 shows the effect of stearic acid on the T. 

granarium egg stage at concentration of 20, 40, 60, and 80 

ppm and exposure time of 5, 10, and 15h. The lowest rate 

of egg hatching inhibition was recorded at the 

concentration 20 ppm and exposure time 5h reaching 

17.34%, while the highest rate was recorded at 80 ppm and 

exposure time 15h, namely 61.54%. The percentage 
inhibition means of the egg hatching at the four 

concentration reached 25.04, 33.7, 49.5, and 53.94% 

respectively, while the effect of exposure time at 5, 10, and 

15 h on egg-hatching inhibition were 30.26, 40.30, and 

51.07%, respectively.  

The egg-hatching inhibition of the treatment of 60 and 

80 ppm was not significantly different but significantly higher 

than that of 20 and 40 ppm. The egg hatching inhibition of 

exposure time of 5 and 10 hours was not significantly 

different but increasing exposure time of 15 hours increased 

egg-hatching inhibition significantly. The synergistic effect 

of the concentration and exposure time was more 
influential in the percentage of egg-hatching inhibition. 

 

 
 

Table 1. Direct effect of stearic acid application on T. granarium 
adults 
 

Concentration 

(ppm) 

Mortality percentage 

Mean Time (hour) 

5 10 15 

20 46.66e 63.33d 66.66c 58.88d 
40 60.00d 73.33c 81.33b 71.55c 
60 67.66c 80.00b 89.33a 79.00b 
80 73.33c 100.0a 100.0a 91.11a 
Mean 61.91d 79.17b 84.33b --- 
L.S.D (0.05) Concentration 8.36 time 7.59  

Concentration × time 14.07 

  
 

 
Table 2. Direct effect of stearic acid on T. granarium larvae  
 

Concentration 

(ppm) 

Mortality percentage 

Mean Time (hour) 

5 10 15 

20 26.66e 36.66e 46.66d 36.66 
40 40.00e 53.33d 63.33c 52.22d 
60 53.33d 70.00b 80.00b 67.78b 

80 63.33c 73.33b 93.33a 76.66b 
Mean 45.83e 58.33c 70.83c --- 
L.S.D (0.05) Concentration 9.41 time 7.95 

Concentration × time 15.02 
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Table 3. Direct effect of stearic acid on T. granarium pupae  

 

Concentration  

(ppm) 

Mortality percentage 

Mean Time (hour) 

5 10 15 

20 14.45 20.00e 23.11e 19.19e 
40 20.22e 28.13d 40.00d 29.08d 
60 25.00d 38.89d 60.00b 31.44d 
80 43.34c 66.44b 80.00a 63.26b 
Mean 25.75e 38.37d 50.78c --- 
L.S.D (0.05) Concentration 9.66 time 8.38      

Concentration × time 15.87 

Table 4. Direct effect of stearic acid on T. granarium eggs  

 

Concentration 

(ppm) 

Mortality percentage 

Mean Time (hour) 

5 10 15 

20 17.34e 23.11e 34.67d 25.04e 
40 20.22e 31.77d 49.11b 33.7c 
60 37.55d 52.00b 58.94a 49.5b 
80 45.94c 54. 33b 61.54a 53.94b 
Mean 30.26c 40.30c 51.07b --- 
L.S.D (0.05) Concentration 7.92 time 6.86     

Concentration × time 12.39 

 
 
 

Discussion  

The lethal efficacy of fatty acids on some insects 

including T. granarium, has been studied previously 

(Abdullah and Muhammad 2005; Moustafa et al. 2018; 

Aquilar-Marcelino et al. 2022). This study evaluates the 
lethal effect of stearic acid against T. granarium stages in 

warehoused wheat grains.  

The findings showed that stearic acid could control T. 

granarium at all its stages including adults, larvae, pupae, 

and eggs. All concentration of stearic acid were lethal and 

caused high rates of mortality for the adults at all exposure 

time. This result may be due to the penetration of stearic 

acid through the insect body wall, interfering with their 

metabolic processes and finally causing insect death (Peng 

et al. 2020; Kaczmarek et al. 2022). Fatty acids act as a 

deterrent for many insect species, making them less likely 
to feed or reproduce in areas where stearic acids are 

present. Additionally, stearic acids have been shown to 

disrupt the reproductive systems of certain insects, further 

impacting their population dynamics (Ferdous et al. 2021). 

Stearic acid showed a high effect in causing the death 

of the larval and pupal stages of T. granarium, also it was 

effective at all of the concentration and exposure time. It 

destroys the exoskeleton of insects by covering the 

exoskeleton, which protects the insect externally and 

regulates humidity. Stearic acid can clog pores and disrupt 

normal physiological processes, including breathing 
through the spiracles, causing dehydration, suffocation, and 

ultimately, the insectʾs death (Kaczmarek and Bogus 

2021).  

Stearic acid showed high rates of egg-hatching 

inhibition at all its concentration and exposure time. It may 

be due to the ability of the fatty acid vapor to enter the egg 

and disturb its protoplasm, which has a deleterious effect 

on the respiratory and nervous parts (Hadi and Sabit 2023). 

After that, it affecting the growth and development of the 

embryo. It also can damage the embryo muscle tissue, 

resulting in loss the ability to breathe and, finally, embryo 

death. It can act as growth regulator that affects the 
progression of some biological processes for the embryoʾs 

growth and development, such as affecting the metabolism 

in the eggs, which thwarts the partial or total embryo 

formation (Mahgoub and El-Sisi 1997). 

These findings agree with previous studies indicating 

the efficacy of fatty acids including stearic acid to control 

insects. Stearic acid is commonly used as an insecticide 

ingredient, effectively targeting many pests (Eldesouky et 

al. 2019). The mortality control rate of stearic acid is 

significant, as it is highly toxic to a wide range of insect 

species. Its action involves suffocating insects by 

enveloping their respiratory systems, ultimately resulting in 
death (Ibrahim 2020). In addition, stearic acid exhibits 

long-lasting effects, protecting against infestations by a 

range of insect pests (Ibrahim 2020). It is a valuable tool in 

both agricultural and domestic treatments. Its unrefined 

properties provide a reliable solution for managing insect-

related problems with minimal environmental impacts 

(Aider et al. 2016; Aguilar-Marcelino et al. 2022). Stearic 

acid can affect metabolic rates and stress responses, 

impacting insect survival (Blomquist and Ginzel 2021; 

Refaey et al. 2022). It can have a toxic effect on insects by 

disrupting cell membranes, interfering with enzymes, and 
altering metabolic processes within the insect, leading to 

the collapse of critical cellular functions, which affects 

insect survival (Shah et al. 2023). 

There is a positive relationship between the increase in 

concentration, exposure time and percentage rates mortality 

of adults, larvae and pupae and egg hatching inhibition 

(Prathiksh 2020; Siddiqui et al. 2022). Therefore, stearic 

acid can be considered as natural product promising 

potential source of safer alternative means with promising 

potential as a safer alternative to control T. granarium and 

different agricultural pests. 
 In conclusion, our results show that stearic acid is 

effective against all stages of T. granarium and can be 

considered an environmentally friendly alternative to the 

frequent use of synthetic traditional chemical insecticides 

within the concentrations and periods indicated in the 

integrated pest management plan. This study can inform 

decision-making processes regarding pest management 

strategies and implementing preventive measures in field 

and warehouse environments. 

ACKNOWLEDGEMENTS 

The author would like to thank all parties for the 

preparation and publication of the manuscript.  



SABIT et al. – Safe alternatives to synthetic insecticides 

 

189 

REFERENCES 

Abay G, Altun M, Karakoç ÖC, Gül F, Demirtas I. 2013. Insecticidal 

activity of fatty acid-rich Turkish bryophyte ex-tracts against 

Sitophilus granarius (Coleoptera: Curculio-nidae). Comb Chem High 

Throughput Screen 16 (10): 806-816. DOI: 

10.2174/13862073113169990049. 

Abbott WS. 1925. A method for computing the effectiveness of an 

insecticide. J Econ Entomol 18 (2): 265-267. DOI: 

10.1093/jee/18.2.265a. 

Abdul Hadi OH, Al-Khazraji HI. 2021. Efficiency of Moringa oleifera 

leaf extracts in protecting wheat grains from infection by the hairy 

grain beetle (khapra) Trogoderma granarium. Intl J Agric Stat Sci 17: 

1099-1109. 

Abdullah MA, Elhadeeti SAK, Alshammary NS. 2024. Role of plant 

powder in controlling the red flour beetle, Tribolium castaneum, in 

the laboratory. Trans Chin Soc Agric Machin 55: 10. DOI: 

10.62321/issn.1000-1298.2024.10.04. 

Abdullah MA, El-Hadeeti SAK, Mozahim B. 2023. Study the effect of 

essential oils of some plants in protection from cowpea beetle, 

Callosobruchus maculatus in laboratory. Revis Bionatura 8 (2): 73. 

DOI: 10.21931/RB/2023.08.02.73. 

Aguilar-Marcelino L, Pineda-Alegría JA, Salinas-Sánchez DO, 

Hernández-Velázquez VM, Silva-Aguayo GI, Navarro-Tito N, 

Sotelo-Leyva C. 2022. In vitro insecticidal effect of commercial fatty 

acids, β-sitosterol, and rutin against the sugarcane aphid, Melanaphis 

sacchari Zehntner (Hemiptera: Aphididae). J Food Prot 85 (4): 671-

675. DOI: 10.4315/JFP-21-329. 

Aider FA, Kellouche A, Fellag H, Debras JF. 2016. Evaluation of the bio-

insecticidal effects of the main fatty acids of olive oil on 

Callosobruchus maculatus F. (Coleoptera-Bruchidae) in cowpea 

(Vigna unguiculata (L.)). J Plant Dis Prot 123: 235-245. DOI: 

10.1007/s41348-016-0034-z. 

Ali AE, Ali AE. 2018. Effectiveness of four insecticides to control citrus 

leafminer (Phyllocnistis citrella Stainton) (Lepidoptera: Gracillaridae) 

on orange trees at river Nile State, Sudan. Iraqi J Agric Sci 49 (4): 

617-622. DOI: 10.36103/ijas.v49i4.70. 

Almamoory MH, Al-Mayaly IK. 2018. Biodegradation of cypermethrin 

by two isolates of Pseudomonas aeruginosa. Iraqi J Sci 58 (4C): 

2309-2321. DOI: 10.24996/ ijs.2017.58.4C.6. 

Al-Saffar HH, Augul RS. 2022. Survey and revision of storage insects 

from several localities of Iraq. GSC Biol Pharm Sci 20 (3): 175-186. 

DOI: 10.30574/gscbps.2022.20.3.0351. 

Athanassiou CG, Kavallieratos NG, Boukouvala MC, Mavroforos ME, 

Kontodimas DC. 2015. Efficacy of alpha-cypermethrin and 

thiamethoxam against Trogoderma granarium Everts (Coleoptera: 

Dermestidae) and Tenebrio molitor L. (Coleoptera: Tenebrionidae) on 

concrete. J Stored Prod Res 62: 101-107. DOI: 

10.1016/j.jspr.2015.04.003. 

Bernklau EJ, Hibbard BE, Bjostad LB. 2016. Toxic and behavioural 

effects of free fatty acids on western corn rootworm (Coleoptera: 

Chrysomelidae) larvae. J Appl Entomol 140 (10): 725-735. DOI: 

10.1111/jen.12312. 

Blomquist GJ, Ginzel MD. 2021. Chemical ecology, biochemistry, and 

molecular biology of insect hydrocarbons. Annu Rev Entomol 66: 45-

60. DOI: 10.1146/annurev-ento-031620-071754. 

Cantrell CL, Ali A, Duke SO, Khan I. 2011. Identification of mosquito 

biting deterrent constituents from the Indian folk remedy plant 

Jatropha curcas. J Med Entomol 48 (4): 836-845. 

DOI: 10.1603/ME10244. 

Demissie G, Tefera T, Tadesse A. 2008. Importance of husk covering on 

field infestation of maize by Sitophilus zeamais Motsch (Coleoptera: 

Curculionidea) at Bako, Western Ethiopia. Afr J Biotechnol 7 (20): 

3777-3782. 

Eldesouky SE, Khamis WM, Hassan SM. 2019. Joint action of certain 

fatty acids with selected insecticides against cotton leafworm, 

Spodoptera littoralis and their effects on biological aspects. J Bas 

Environ Sci 6 (1): 23-32. DOI: 10.21608/JBES.2019.370579. 

Ferdous Z, Fuchs S, Behrends V, Trasanidis N, Waterhouse RM, Vlachou 

D, Christophides GK. Anopheles coluzzii stearoyl-CoA desaturase is 

essential for adult female survival and reproduction upon blood 

feeding. PLoS Pathog 17 (5): e1009486. DOI: 

10.1371/journal.ppat.1009486. 

Gadimov AG, Shahryari R, Garayeva AG. 2009. A perspective on humic 

substances as natural technological products with miraculous 

biological effect on crops. Trans Inst Microbiol Azerbaijan Natl Acad 

Sci (7): 118-126. 

Hadi AH, Sabit FA. 2023. Efficacy of oleic acid and linoleic acid vapors 

on the stable phases of Trogoderma granarium (Coleoptera: 

Dermestidae). IOP Conf Ser: Earth Environ Sci 1259: 012121. 

DOI: 10.1088/1755-1315/1259/1/012121. 

Haitham MM, Birwari MA, AL-Qadir SA. 2022. Effect of some 

biological and chemical pesticides in controlling Tuta absoluta of 

tomato. Iraqi J Agric Sci 53 (5): 1167-1173. DOI: 

10.36103/ijas.v53i5.1630.  

Hameed GA, Abdullah MA, Elhadeeti SAK. 2023. Population density of 

Bemisia tabaci on sweet pepper (Capsicum annuum) varieties in the 

greenhouse. IOP Conf Ser: Earth Environ Sci 1262: 032033. DOI: 

10.1088/1755-1315/1262/3/032033. 

Ibrahim SS. 2020. Essential oil nanoformulations as a novel method for 

insect pest control in horticulture. Hortic Crops 2020: 195-209. DOI: 

10.5772/intechopen.80747. 

Kaczmarek A, Boguś M. 2021. The metabolism and role of free fatty 

acids in key physiological processes in insects of medical, veterinary 

and forensic importance. PeerJ 9: e12563. DOI: 10.7717/peerj.12563. 

Kaczmarek A, Wrońska AK, Kazek M, Boguś MI. 2022. Octanoic acid-

An insecticidal metabolite of Conidiobolus coronatus 

(Entomopthorales) that affects two majors antifungal protection 

systems in Galleria mellonella (Lepidoptera): Cuticular lipids and 

hemocytes. Intl J Mol Sci 23 (9): 5204. DOI: 10.3390/ijms23095204. 

Kavallieratos NG, Athanassiou CG, Boukouvala MC, Tsekos GT. 2019. 

Influence of different non-grain commodities on the population 

growth of Trogoderma granarium Everts (Coleoptera: Dermestidae). 

J Stored Prod Res 81: 31-39. DOI: 10.1016/j.jspr.2018.12.001. 

Khalique U, Farooq MU, Ahmed MF, Niaz U. 2018. Khapra beetle: A 

review of recent control methods. Curr Investig Agric Curr Res 5 (5): 

666-671. DOI: 10.32474/CIACR.2018.05.000222. 

Mahgoub SM, El-Sisi AG. 1997. Evaluation of certain formulation of 

natural products against the cowpea weevil Callosobruchus 

maculatus F. Egypt J Agric Res 75 (2): 321-329. DOI: 

10.21608/ejar.1997.404728. 

Moustafa HZ, Yousef H, El-Lakwah SF. 2018. Toxicological and 

biochemical activities of fatty acids against Earias insulana (Boisd.) 

(Lepidoptera: Noctuidae). Egypt J Agric Res 96 (2): 503-515. 

DOI: 10.21608/EJAR.2018.135241. 

Peng YJ, Wang JJ, Lin HY, Ding JL, Feng MG, Ying SH. 2020. HapX, an 

indispensable bZIP transcription factor for iron acquisition, regulates 

infection initiation by orchestrating conidial oleic acid homeostasis 

and cytomembrane functionality in mycopathogen Beauveria 

bassiana. mSystems 5 (5): e00695-20. DOI: 

10.1128/msystems.00695-20. 

Prathiksh V. 2020. Identification and evaluation of oviposition deterrents 

for fall armyworm, Spodoptera frugiperda (JE Smith) (Lepidoptera: 

Noctuidae). [Doctoral Dissertation]. Division of Entomology, ICAR-

Indian Agricultural Research Institute, New Delhi. 

Rahuman AA, Venkatesan P, Gopalakrishnan G. 2008. Mosquito 

larvicidal activity of oleic and linoleic acids isolatedfrom Citrullus 

colocynthis (Linn.) Schrad. Parasitol Res 103 (6): 1383-1390. DOI: 

10.1007/s00436-008-1146-6. 

Rajput SA, Khanzad MS, Abro GH, Khanzada SR, Syed TS, Wang S. 

2015. Comparative population growth and losses cause by beetle 

Trogoderama granarium (Everts) to selected past and present wheat 

genotypes. Intl J Agron Agric Res 6 (5): 66-77.  

Refaey MM, Mehrim AI, Zenhom OA, Mansour AT. 2022. Effect of fatty 

acids manipulation on survival and physiological response of hybrid 

red tilapia under chronic cold stress. Aquaculture 561: 738663. DOI: 

10.1016/j.aquaculture.2022.738663. 

Sabeat FA. 2017. The efficiency of using ozone gas and heat in 

controlling the role of larvae and adults of red flour beetles 

(Coleoptera: Tenbrionidae) Tribolium castaneum (Herbst). Baghdad 

Sci J 14 (4): 681-677. DOI: 10.21123/bsj.2017.14.4.0677. 

Sabet FA, Sabr SH. 2023. Evaluation the efficacy of ozone and 

temperature to control mover stages for hairy grain beetle (khapra) in 

laboratory Trogoderma granarium Everts Coleoptera: 

Dermestidae. Iraqi J Sci 57 (3A): 1904-1910.  

Sabit FA, Ali AM. 2020. Effect of different levels of relative humidity and 

impurities in three stored insects. Plant Arch 20: 257-261.  

Salinas-Sánchez DO, Flores-Franco G, Avilés-Montes D, Valladares-

Cisneros MG, Arias-Ataide DM, Mendoza-Catalán MÁ, Sotelo-

Leyva C. 2021. Bioactivity of a linoleic acid-rich fraction of Ricinus 

communis L. (Euphorbiaceae) leaves against the yellow sugarcane 

http://dx.doi.org/10.2174/13862073113169990049
https://doi.org/10.4315/jfp-21-329
https://doi.org/10.36103/ijas.v49i4.70
https://doi.org/10.1111/jen.12312
https://doi.org/10.1111/jen.12312
https://doi.org/10.1146/annurev-ento-031620-071754
https://doi.org/10.21608/jbes.2019.370579
https://doi.org/10.7717/peerj.12563
https://doi.org/10.3390/ijms23095204
https://doi.org/10.1016/j.jspr.2018.12.001
https://dx.doi.org/10.21608/ejar.2018.135241
https://doi.org/10.1128/msystems.00695-20
https://doi.org/10.1128/msystems.00695-20
https://doi.org/10.1016/j.aquaculture.2022.738663
https://doi.org/10.1016/j.aquaculture.2022.738663


 ASIAN JOURNAL OF AGRICULTURE 9 (1): 185-190, June 2025 

 

190 

aphid, Sipha flava (Hemiptera: Aphididae). J Food Prot 84 (9): 1524-

1527. DOI: 10.4315/JFP 21-055. 

Salinas-Sánchez DO, Peña-Chora G, González-Cortázar M, Zamilpa A, 

Hernández-Velázquez VM, Tagle LJ, Sotelo-Leyva C. 2020. Efecto 

insecticida de una fracción de acetato de etilo de Serjania schiedeana 

Schltdl (Sapindaceae) contra Melanaphis sacchari Zehntner 

(Hemiptera: Aphididae). Acta Agrícola Y Pecuaria 6: E0061013. 

DOI: 10.30973/aap/2020.6.0061013. 

Shah R, Nguyen TV, Marcora A, Ruffell A, Hulthen A, Pham K, Wijffels 

G, Paull C, Beale DJ. 2023. Exposure to polylactic acid induces 

oxidative stress and reduces the ceramide levels in larvae of greater 

wax moth (Galleria mellonella). Environ Res 220: 115137. DOI: 

10.1016/j.envres.2022.115137.  

Siddiqui SA, Snoeck ER, Tello A, Alles MC, Fernando I, Saraswati YR, 

Rahayu T, Grover R, Ullah MI, Ristow B, Nagdalian AA. 2022. 

Manipulation of the black soldier fly larvae (Hermetia illucens; 

Diptera: Stratiomyidae) fatty acid profile through the substrate. J 

Insects Food Feed 8 (8): 837-855. DOI: 10.3920/JIFF2021.0162. 

Singh A, Chand P, Vishwakarma R, Singh CK. 2017. Khapra beetle 

(Trogoderma granarium Everts): A food security threat. Bull Environ 

Pharmacol Life Sci 6 (11): 14-19. 

Tyagi SK, Guru PN, Nimesh A, Bashir AA, Patgiri P, Mohod V, Khatkar 

AB. 2019. Post-harvest stored product insects and their 

management. ICAR-Central Institute of Post-Harvest Engineering and 

Technology.  

Zhao QY, Li TX, Song ZJ, Sun T, Liu B, Han X, Li ZH, Zhan GP. 2021. 

Combination of modified atmosphere and irradiation for the 

phytosanitary disinfestation of Trogoderma granarium Everts 

(Coleoptera: Dermestidae). Insects 12 (12): 442. DOI: 

10.3390/insects12050442. 
 

http://dx.doi.org/10.3920/JIFF2021.0162

