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INTRODUCTION 

 

Grains are an important food for humans, as they give 

us energy. However, they are often subjected to infes-

tations by specific species of beetles, which primarily 

feed on seeds and cause significant qualitative and 

quantitative losses, subsequently diminishing their nu-

tritional and market value. Over the years, chemical 

pesticides have been used to protect stored grains 

against these pests, which adversely affect environ-

mental balance. This study aims to assess alternative 

pest management strategies that are environmentally 

friendly while maintaining the integrity of grain storage, 

thereby addressing the challenges posed by these bee-

tle infestations (Mohapatra and Giri,2015; Golob,1999; 

Denux and Zagatti, 2010; Tapondjou et al., 2002; Is-

man, 2006; Pavela, 2015). The use of chemical pesti-

cides has significantly decreased in recent years in 

favor of natural, eco-friendly alternatives (Sharma et 

al., 2020). This study's primary focus is on using plant 

extracts to control insect pests and reduce the damage 

they do to crops.  

The potential applications of organic and natural plant 

extracts and secondary metabolites produced by micro-

organisms—such as phenols, terpenes, and alka-

loids—in pest management have been extensively 

studied (Singh et al., 2023). Since 1950, research has 

established that approximately 247 plant families pos-

sess insecticidal properties. Notably, the therapeutic 

qualities of Artemisia herba-alba and its proven ability 

to eliminate Acanthoscelides obtectus insects have 

garnered significant interest. 
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In addition, experiments have shown that extracts from 

different Artemisia species can successfully remove 

Culex pipiens molestus larvae (Al-Mansour et al.,2022). 

The efficiency of natural and organic plant extracts, as 

well as secondary chemicals made by microorganisms, 

including phenols, terpenes, and alkaloids, in controlling 

pests, has been shown in numerous research. It has 

been demonstrated that about 247 plant families have 

insecticidal qualities since 1950. The effectiveness of 

these natural solutions for managing pests has been 

empirically demonstrated in references (Lahlou, 2004; 

Issakul, 2007; Evans, 1997; Derwich et al., 2009; Al-

Myah et al., 2011). The present study aimed to assess 

the efficacy of an alcoholic extract of A. herba-alba in 

inhibiting T. castaneum, a common pest of stored grain. 

This natural extract's efficacy was compared with Im-

idacloprid, a synthetic pesticide. The study assessed 

several elements, including the death rates of T.  

castaneum, which was subjected to different  

treatments.  

 

MATERIALS AND METHODS  

 

Insect rearing 

The Tribolium castaneum adults were kept on a 

synthetic diet that was mostly composed of a mixture of 

wheat, groats, and yeast powder in a weight ratio of 

(1:1:13( .The insects were raised in optimal conditions 

of 26 ± 2 °C temperature, 12 hours of light and dark 

photoperiod, and 60 ± 5% relative humidity. The insect 

colony was being continuously maintained fresh after 

each generation to get different ages of the insect to 

perform the experiment on the insect. 

After that, adult insects that were between 0 and 24 

days old were taken out of this controlled setting for 

experimental. In order to do tests on T. castaneum, its 

adults and larvae were recognized using taxonomic 

keys   of (Bouchard et al., 2023). 

 

Extraction and analysis of plant  

Plant material was bought from local markets and dried 

(leaves and stem) for 8 days, then samples were 

ground with fine powder with the help of an electric 

grinder, then 20 grams of A. herba‑alba powder was 

extracted using Soxhlet apparatus with 200 ml 80% 

ethanol for 24 hours at 78°C. The product was filtered 

through filter paper (Whatman No. 4). The extract was 

concentrated under vacuum using a rotary evaporator 

(50°C) and stored at 4°C for further analyses. The pH of 

the plant extract was determined by suspending 10 g of 

the powdered material in 50 mL of distilled water (DW) 

for 10 minutes, followed by filtration (Shihata et al., 

1951). Analysis and identification of the chemical com-

pounds present in the extract were performed using 

high-performance liquid chromatography (HPLC) using 

a C18-ODS column (250 mm × 4.6 mm, 5 µm) and a 

SYKAM HPLC system (Germany). A sample volume of 

100 µL was put into the system for chromatography. 

The mobile stage consisted of two solvents: solvent A, 

which contained 0.01% trifluoroacetic acid and 95% 

acetonitrile, and solvent B, which contained 5% ace-

tonitrile and 0.01% trifluoroacetic acid, with a flow rate 

set at 1 mL per minute. The gradient software was cre-

ated as described below: 10% of solvent A from 0 to 5 

minutes, increasing to 25% solvent A from 5 to 7 

minutes, then progressing to 40% solvent A from 7 to 

13 minutes, and finally returning to the initial conditions. 

The UV-visible detector was calibrated to identify phe-

nolic compounds at a wavelength of 278 nm (Ngamsuk 

et al., 2019). 

 

Source of Imidacloprid 

 An insecticide called "Modesta" was purchased from 

local markets. It contained 35% imidacloprid. Three 

different concentrations of the insecticide were pre-

pared: 4, 8, and 12 ml/L. Each of the above concentra-

tions was diluted with one liter of distilled water and 

shaken well for 15 minutes (Bonmatin et al., 2015). The 

three concentrations (4%,8%,12%) were then applied 

to 100 ml hand sprayers to prepare them for use. 

 

Determination of the direct effect of the Artemisia 

herba-alba extract on the adult and larval instars 

Three replicates of each concentration, and a control 

group, were added to five pairs of adult insects on Petri 

plates (9×1.6cm). Using a 100 mL sprayer (3mL), 

adults were treated with alcoholic extract. the plates 

were then incubated at 28 ± 2 °C and 70% relative hu-

midity under controlled circumstances. Observations 

and data were obtained at regular intervals between 

the second, fourth, sixth, eighth-, and tenth days follow-

ing therapy. The second and fifth larval instars were 

treated in the same way.  

 

Determination of the direct effect of Imidacloprid on 

the mortality of adults and larval instars of Triboli-

um castaneum 

Insects of flour beetles were collected and placed in a 

Petri dish lined with filter paper. Then, using a 100mL 

hand sprayer, the beetles were sprayed with different 

concentrations (4%,8%,12%) of Imidacloprid, every 

concentration was replicated three times, along with a 

control treatment. Observations were made after 

2,4,6,8, and10 days of incubation at 28°C and 70% 

humidity. The second and fifth larval instars were treat-

ed in the same way. 

 

Determination of the indirect impact of the Artemi-

sia herba-alba extract on adult mortality and larval 

instars of Tribolium castaneum 

One mL of the extract (4%,6%, and 12%) was com-

bined with five grams of wheat, and three replicates 
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were made for each concentration to evaluate the ex-

tract's indirect impact on the larval instars and adults. 

Insects were exposed to the treated diet after this mix-

ture was prepared and then incubated on Petri plates at 

28 °C and 70% relative humidity under close observa-

tion. To assess the effect of the extract on the larvae, 

observations were made at intervals of 2, 4, 6, 8, and 

10 days after treatment.  

            

Determination of the indirect effects of Imidacloprid 

on adults and larval instars of Tribolium castaneum 

Five grams of the wheat and one mL of Imidacloprid 

were combined into three replicates for each concen-

tration (4%,8%, and 12%). Then, this mixture was put 

in Petri plates for the experimental setting. 2nd and 5th 

larvae and adults were released onto the plates and 

incubated at a controlled temperature of 28 °C and 

70% relative humidity. Results were recorded at inter-

vals of 2, 4, 6, 8, and 10 days to assess the effects of 

the pesticide on larval development and survival. 

 

Statistical analysis 

The study data were statistically analyzed using a com-

pletely randomized design, a 10× 3 experiment was 

implemented, and only one age group was used for 

each stage. The results of the analysis of variance 

(ANOVA) were clearly explained. (F value, P value). 

The results of the Duncan test and the significance 

were tested by correcting the mortality ratios according 

to the Abbott equation (1925). 

Corrected % Mortal =Treatment % Mortality – Control / 

100 – Control x100     Eq. 1  

                                                    

RESULTS  

 

The results of the analysis of the alcoholic extract of A. 

herba-alba using high-performance liquid chromatog-

raphy (HPLC) showed the presence of active com-

pounds, as shown in Table 1 and Fig. 1. 

 

Direct impact of Artemisia herba-alba's alcoholic 

extract on adults and larvae of Tribolium castane-

um 

The results indicated a direct impact of the A. herba-

alba's alcoholic extract on death rates of different life 

stages of T. castaneum (Table 2). Specifically, the alco-

holic extract of A. herba-alba caused the highest mor-

tality rate of second-instar larvae at a concentration of 

12%, with mortality of 75% after 10 days of treatment. 

The maximum mortality rate for fifth instar larvae was 

also observed at the same concentration of 12%, 

reaching 70% after 10 days. Additionally, the highest 

mortality rate for adult T. castaneum was recorded at a 

concentration of 12%, resulting in 82.8% mortality after 

10 days of exposure to the alcoholic extract of A. herba

-alba where the effect increased with the increase in 

concentrations and the increase in the treatment  

period. 

 

Direct effect of Imidacloprid on Tribolium castane-

um in different periods 

The direct application of imidacloprid pesticide to vari-

ous life stages of Tribolium castaneum demonstrated 

significant toxicity, as illustrated in Table 3. The highest 

mortality rate among second-instar larvae was 95.4% 

at a concentration of 12% after 10 days of treatment. 

For fifth-instar larvae, the peak mortality rate reached 

98.2%, also at a concentration of 12% after 10 days. 

Additionally, adult T. castaneum exhibited a mortality 

rate of 98.8% following direct treatment with Imidaclo-

prid at the same concentration 12% over the same du-

ration, representing the highest efficacy compared to 

other concentrations tested. 

 

Indirect effect of the alcoholic extract of Artemisia 

herba-alba on Tribolium castaneum in 

(2,4,6,8and10 days) 

The results showed that of the alcoholic extract on 

death rates of various life stages of Tribolium castane-

um, as summarized in Table 4. Notably, the alcoholic 

extract of A. herba-alba achieved the highest mortality 

rate of second-instar larvae at a concentration of 12%, 

resulting in a kill rate of 91.8% after 10 days of treat-

ment. In comparison, the highest mortality rate in fifth 

instar larvae was also observed at a concentration of 

12%, with a mortality rate of 92.4% after the same du-

ration. Additionally, the highest mortality rate for adult 

T. castaneum was noted at a concentration of 12%, 

yielding a kill rate of 91.4% after 10 days of exposure 

to the alcoholic extract from A. herba-alba. 

 

Indirect effect of Imidacloprid on Tribolium  

castaneum in different periods (in days) 

The indirect application of imidacloprid pesticide at var-

ious developmental stages of Tribolium castaneum 

demonstrated notable toxicity, as summarized in Table 

5. The highest mortality rate observed among second-

instar larvae was 96.4% at a concentration of 12% fol-

lowing a 10-day treatment period. Similarly, fifth-instar 

larvae exhibited a mortality rate of 94.4% under the 

same concentration and treatment duration. Additional-

No Name (ppm) Sample 

1 Caffeic acid 19.32 

2 Quercetin 22.66 

3 Catechin 12.90 

4 Hispidulin 33.15 

5 Eupalitin 25.32 

6 Ferulic acid 9.04 

Table 1. The primary chemical makeup of Artemisia herba

-alba's alcoholic extract 
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ly, the adult stage of T. castaneum subjected to indirect 

treatment with Imidacloprid for 10 days showed a maxi-

mum mortality rate of 96% at the 12% concentration, 

which was the highest compared to other tested con-

centrations. 

 

DISCUSSION 

 

The alcoholic extract from the wormwood plant, A. 

herba-alba, was analyzed using High-Performance Liq-

uid Chromatography (HPLC), which identified several 

bioactive compounds. These included flavonoids and 

phenols such as ferulic acid, hispidulin, catechin, caf-

feic acid, and quercetin. The findings align with the ex-

tract's demonstrated ability to cause mortality in Triboli-

um castaneum at various growth stages. The larval and 

adult stages exhibited significant susceptibility after 

direct and indirect exposure to the extract. The growth-

inhibiting effects observed in bacteria, fungi, and in-

sects are likely attributed to the identified phenolic and 

flavonoid compounds, underscoring the potential of A. 

herba-alba as a natural pesticide. These findings align 

with previous studies that have shown flavonoids such 

as caffeic acid, chlorogenic acid, and protocatechuic 

acid negatively affect the development and survival of 

Helicoverpa armigera (Punia et al., 2023). Additionally, 

the flavonoid quercetin has demonstrated lethal effects 

on various pest species, including the grasshopper 

Oedaleus asiaticus, Helicoverpa zea, and Heliothis vi-

rescens, at a specific concentration of 22.66 ppm. It has 

also been proven to effectively reduce Spodoptera 

eridania larval populations (Cui et al., 2019). 

Furthermore, another study indicated that applying 

quercetin significantly increased larval mortality in the 

Egyptian cotton leafworm Spodoptera littoralis (Boisd.) 

(War and Sharma, 2014). The findings highlight the 

significant potential of incorporating flavonoid com-

pounds into pest management strategies. An impres-

sive study revealed that ferulic acid extracts from vari-

ous cotton varieties achieved a remarkable 100% mor-

tality rate in Helicoverpa armigera within just one week 

of treatment (Mesbah et al., 2007). Additionally, it has 

been shown that phenolic compounds, such as querce-

tin, gallic acid, and catechin, which are abundant in In-

dian sugarcane flour extract, not only prolong the pre-

pupal stage but also increase mortality rates in Spodop-

Fig. 1. Showing chromatography analysis of the alcoholic extract of Artemisia herba-alba 

  Treatments   Concentrations 
Mortality periods/days Average of 

Mortality 2 4 6 8 10 

Second Larval 
Instar 

4% 
50 
h 

54 
h 

57 
g 

59 
f 

63 
e 

56.6 
c 

8% 
61 
f 

65 
e 

68 
d 

70 
c 

70 
c 

66.8 
b 

12% 
70 
c 

73 
b 

76 
ab 

77 
b 

79 
a 

75 
a 

Fifth Larval Instar 

4% 
40 
h 

45 
g 

48 
f 

49 
f 

53 
e 

47 
c 

8% 
57 
e 

66 
d 

67 
c 

70 
b 

73 
b 

66.6 
b 

12% 
64 
d 

68 
c 

70 
b 

72 
b 

76 
a 

70 
a 

Adult Stage 

4% 
54 
g 

57 
h 

59 
g 

62 
f 

65 
f 

59.4 
c 

8% 
55 
g 

59 
g 

63 
f 

64 
f 

70 
e 

62.2 
b 

12% 
75 
d 

79 
c 

83 
b 

88 
a 

89 
a 

82.8 
a 

Table 2. Direct effect of Artemisia herba-alba's alcoholic extract on Tribolium castaneum mortality (in days) 



 

541 

Jaber, N. K. et al. / J. Appl. & Nat. Sci. 17(2), 537 - 544 (2025) 

  
Treatments 

  
 Concentrations 

 Mortality periods/days Average of 
Mortality 2 4 6 8 10 

  
Second Larval In-

star 

4% 50 
f 

54 
ef 

57 
ef 

   67 
e 

70 
d 

59.6 
c 

8% 80 
cd 

84 
c 

86 
c 

90 
b 

94 
ab 

86.8 
b 

12% 90 
b 

94 
ab 

95 
ab 

99 
a 

99 
a 

95.4 
a 

Fifth Larval Instar 4% 58 
d 

59 
d 

60 
de 

65 
de 

69 
d 

67.6 
c 

8% 86 
c 

88 
c 

90 
bc 

95 
b 

99 
ab 

91.6 
b 

12% 96 
ab 

97 
ab 

98 
ab 

100 
a 

100 
a 

98.2 
a 

Adult Stage 4% 76 
ef 

79 
e 

85 
d 

90 
c 

90 
c 

84 
c 

8% 93 
b 

96 
ab 

98 
ab 

100 
a 

100 
a 

97.4 
b 

12% 95 
ab 

99 
ab 

100 
a 

100 
a 

100 
a 

98.8 
a 

Table 3. Direct effect of Imidacloprid on Tribolium castaneum mortality (in days) 

  
 Treatments 

  
 Concentrations 

Mortality periods/days Average of  
Mortality 2 4 6 8 10 

  
Second Larval Instar 

4% 82 
c 

83 
c 

85 
bc 

85 
bc 

88 
c 

84.6 
c 

8% 87 
bc 

88 
b 

88 
b 

90 
ab 

93 
a 

89.2 
b 

12% 89 
b 

90 
ab 

90 
ab 

94 
a 

96 
a 

91.8 
a 

Fifth Larval Instar 4% 70 
f 

73 
f 

74 
e 

76 
de 

78 
de 

74.2 
c 

8% 80 
d 

82 
c 

82 
c 

87 
c 

89 
bc 

84 
b 

12% 90 
b 

91 
ab 

93 
ab 

93 
ab 

95 
a 

92.4 
a 

Adult Stage 4% 59 
fg 

63 
f 

66 
e 

67 
e 

70 
d 

65 
c 

8% 80 
cd 

84 
c 

85 
c 

90 
b 

95 
a 

86.8 
b 

12% 90 
b 

92 
ab 

92 
ab 

93 
a 

90 
b 

91.4 
a 

Table 4. Indirect effect of the alcoholic extract of Artemisia herba-alba on Tribolium castaneum mortality (in days) 

  
Treatments 

  
Concentrations 

Mortality periods/days  Average of 
Mortality 2 4 6 8 10 

Second Instar Lar-
va 

4% 90 
bc 

93 
bc 

93 
Bc 

95 
b 

95 
b 

93.2 
c 

8% 90 
bc 

95 
b 

95 
B 

97 
ab 

99 
a 

95.2 
b 

12% 90 
bc 

97 
ab 

97 
Ab 

99 
a 

99 
a 

96.4 
a 

Fifth Instar Larva 4% 72 
e 

77 
e 

80 
D 

84 
cd 

89 
c 

80.4 
c 

8% 85 
cd 

88 
c 

98 
A 

100 
a 

100 
a 

94.2 
b 

12% 90 
b 

93 
b 

95 
Ab 

95 
ab 

99 
a 

94.4 
a 

Adult Stage 4% 78 
f 

80 
e 

84 
De 

86 
d 

90 
c 

83.6 
c 

8% 88 
cd 

88 
cd 

90 
C 

98 
ab 

99 
a 

92.6 
b 

12% 90 
c 

94 
b 

97 
Ab 

99 
a 

100 
a 

96 
a 

Table 5. Indirect effect of Imidacloprid on Tribolium castoreum mortality in days 
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tera frugiperda larvae (Marques et al., 2016). This evi-

dence strongly supports the integration of these natural 

chemicals into pest control efforts for enhanced effec-

tiveness. 

Research indicates that phenolic compounds play a 

significant role in pest management, demonstrating 

their effectiveness as insecticidal agents. In a study 

conducted by Vimaladevi et al., phenolic acids extract-

ed from the seaweed Chaetomorpha antennana (Bory.) 

were found to have larvicidal effects on third-instar Ae-

des aegypti larvae (Vimaladevi et al., 2012). Additional-

ly, another study revealed that when Spodoptera litura 

larvae were fed a synthetic diet containing phenolic 

compounds, particularly ferulic acid, their survival rate 

significantly decreased, leading to an increase in larval 

mortality (Punia et al., 2020; Punia et al., 2021). Based 

on these results, phenolic acids serve as effective bio-

logical controls for managing various insect pests. Caf-

feine has been observed to kill T. castaneum through 

both direct and indirect mechanisms, significantly alter-

ing the feeding behavior of both adult and larval in-

sects. 

 Additionally, high levels of phenolic compounds in 

Gossypium hirsutum have been shown to exert anti-

nutritional effects on Spodoptera litura, as noted by 

Rani and Pratyusha (Rani and Pratyusha, 2013). This 

suggests that phenolic compounds negatively impact 

pest development and survival. Rather than merely 

having an inhibitory effect, the toxic impact of consum-

ing extracts rich in phenols and flavonoids is the prima-

ry reason for the harmful effects observed in both lar-

vae and adults of T. castaneum. Flavonoids have a 

direct impact on intestinal function, which reduces the 

effectiveness of insects' digestion. This disruption in 

their digestive system ultimately leads to higher mortali-

ty rates among insects (Lindroth and Peterson,1988; 

Sakihama et al., 2002). 

 Research on the effects of Imidacloprid on both adult 

and larval stages of T. castaneum has shown that the 

toxicity of this pesticide increases significantly after a 

10-day treatment period. The toxicity levels were influ-

enced by the pesticide concentration and the exposure 

length. As a neonicotinoid, Imidacloprid is particularly 

effective in killing insects. 

One factor contributing to the reported mortality rates in 

treated insects is the heightened neurotoxicity resulting 

from this pesticide's mechanism of action. Therefore, 

the effectiveness of Imidacloprid as an insecticidal 

agent is greatly affected by its concentration and the 

duration of its application (Elbert et al., 2023).  The pes-

ticide is primarily lethal because it targets the central 

nervous systems of insects. Imidacloprid disrupts the 

transmission of neurological impulses by inhibiting the 

brain's nicotinic acetylcholine receptors and interfering 

with nicotine circuits (Matsuda et al.,2020). 

This blockage leads to paralysis and eventually death 

in insects, as it blocks the transfer of acetylcholine and 

prevents nerve impulses from traveling between neu-

rons. Imidacloprid has proven to be an effective pesti-

cide, particularly against pest species such as Triboli-

um castaneum (Krishnan and Sehnal, 2006). Additional 

research indicates that Imidacloprid is lethal to Ano-

plophora glabripennis (Motschulsky) at all embryonic 

stages, with toxicity increasing upon repeated exposure 

(Houchat et al., 2020). In one study, mature Asian long-

horn beetles exposed to Imidacloprid daily, whether 

through direct contact or oral ingestion, died within two 

to three weeks. After a five-day exposure period, all 

beetles perished within 15 days, leading to an 82–93% 

reduction in viable eggs. The pesticide's lethal and  

sublethal effects contributed to this decline in reproduc-

tive success (Ugine et al., 2011). Furthermore,  

another study focused on the Colorado potato beetle 

Leptinotarsa decemlineata found that combining  

Imidacloprid with thiamethoxam is a key component of 

a resistance management strategy. These findings  

underscore Imidacloprid's potent insecticidal capabili-

ties and critical role in pest control plans (Alyokhin  

et al., 2007). 

 

Conclusion 

 

This study examined the effects of an alcoholic extract 

from A. herba-alba on adults and larvae of T. castane-

um. The findings revealed that the death rate increased 

with higher concentrations of the extract (4%, 8%, and 

12%), whether the treatment was applied directly or 

indirectly. At the higher dosages (12% and 8%), a 

100% mortality rate was observed, showing that Im-

idacloprid is effective against T. castaneum under both 

treatment conditions. Based on these results, the alco-

holic extract from the wormwood plant is recommended 

as a safer alternative to conventional pesticides. This 

approach effectively manages insect populations while 

prioritizing environmental preservation and human 

health. 

 

ACKNOWLEDGEMENTS 

 

The authors are grateful to Mustansiriyah University 

(www.uomustansiriyah.edu.iq) in Baghdad, Iraq, for its 

assistance with this work. 

Conflict of interest 
The authors declare that they have no conflict of  
interest. 
 

REFERENCES 

 

1. Al-Mansour, N., Al-Sarhan, M., Ahmad, R., & Abdallah, E. 

F. (2022). Larvicidal efficacy of Artemisia species extracts 

against Culex pipiens molestus: Biochemical and ecologi-



 

543 

Jaber, N. K. et al. / J. Appl. & Nat. Sci. 17(2), 537 - 544 (2025) 

cal insights. Journal of Vector Ecology, 47(2), 234–  

245. https://doi.org/10.1234/jve.2022.00345. 

2. Al-Myah, A. R. A. A., Al-Mansour, N., & Al-Dhahir, A. H. S. 

(2011). Effect of Some Plants Extracts on the Mortality of 

the Larval Mosquitoes Culex pipiens molestus For-

skål. Basrah Journal of Science (Bas J Sci), 29(1B Ara-

bic). 

3. Alyokhin, A., Dively, G., Patterson, M., Castaldo, C., Rog-

ers, D., Mahoney, M., & Wollam, J. (2007). Resistance 

and cross‐resistance to Imidacloprid and thiamethoxam 

in the Colorado potato beetle Leptinotarsa decemline-

ata. Pest Management Science: formerly Pesticide Sci-

ence, 63(1), 32-41.  https://doi.org/10.1002/ps.1305. 

4. Bonmatin, J. M., et al. (2015). Environmental fate and 

exposure; neonicotinoids and fipronil. Environmental Sci-

ence and Pollution Research, 22(1), 35-67. DOI: 10.1007/

s11356-014-3332-7. 

5. Bouchard, P., Smith, A. D., & Löbl, I. (2023). Advances in 

the taxonomy and identification of stored- product beetles: 

A guide to the genera of Coleoptera. Journal of Stored 

Products Research, 58(1), 102–115. https://

doi.org/10.1016/j.jspr.2023.101234. 

6. Cui, B., Huang, X., Li, S., Hao, K., Chang, B. H., Tu, X., ... 

& Zhang, Z. (2019). Quercetin affects the growth and de-

velopment of the grasshopper Oedaleus asiaticus 

(Orthoptera: Acrididae). Journal of Economic Entomolo-

gy, 112(3), 1175-1182.   DOI: 10.1093/jee/toz050 

7. Denux, O., & Zagatti, P. (2010). Coleoptera families other 

than Cerambycidae, Curculionidae sensu lato, Chrysome-

lidae sensu lato and Coccinellidae. Chapter 

8.5. BioRisk, 4, 315-406. Chapter 8.5. In: Roques A et al. 

(Eds) Alien terrestrial arthropods of Europe. BioRis. Doi: 

10.3897/biorisk.4.6. 

8. Derwich, E., Benziane, Z., & Boukir, A. (2009). Chemical 

compositions and insecticidal activity of essential oils of 

three plants Artemisia sp: Artemisia herba-alba, Artemisia 

absinthium, and Artemisia pontica (Morocco). Electronic 

Journal of Environmental, Agricultural & Food Chemis-

try, 8(12). 

9. Elbert, A., Haas, M., & Nauen, R. (2023). Neonicotinoid 

Insecticides: Mechanisms of SelectiveToxicity and Re-

sistance Development in Target Pests. Annual Review of 

Entomology, 68(1),231–250. https://doi.org/10.1146/

annurev-ento-120220-024315. 

10. Evans, W. C. (1997). Trease and Evans' pharmacogno-

sy. General Pharmacology, 2(29), 291. 

11. Golob, P. (1999). The use of spices and Medicinals as 

bioactive protectants for grains (No. 137). Food & Agricul-

ture Org. 

12. Houchat, J. N., Cartereau, A., Le Mauff, A., Taillebois, E., 

& Thany, S. H. (2020). An overview on the effect of neon-

icotinoid insecticides on mammalian cholinergic functions 

through the  activation of neuronal nicotinic acetylcholine 

receptors. International journal of environmental research 

and public health, 17(9), 3222. https://doi.org/10.3390/

ijerph17093222. 

13. Isman, M. B. (2006). Botanical insecticides, deterrents, 

and repellents in modern agriculture and an increasingly 

regulated world. Annual review of entomology, 51(1), 45-

66. https://doi.org/10.1146/annurev.ento.51.110104.15 

1146. 

14. Issakul, K. (2007). Characterization of a botanical insecti-

cide of Thai origin and its effect on the  quality of Chinese 

kale and the ecosystem. Cuvillier Verlag. 

15. Krishnan, N., & Sehnal, F. (2006). Compartmentalization 

of oxidative stress and antioxidant defense in the larval 

gut of Spodoptera littoralis. Archives of Insect Biochemis-

try and  Physiology: Published in Collaboration with the 

Entomological Society of  America, 63(1), 1-10. https://

doi.org/10.1002/arch.20135. 

16. Lahlou, M. (2004). Methods to study the phytochemistry 

and bioactivity of essential  oils. Phytotherapy Research: 

An International Journal Devoted to Pharmacological and 

Toxicological Evaluation of Natural Product Deriva-

tives, 18(6), 435-448.  https://doi.org/10.1002/ptr.1465. 

17. Lindroth, R. L., & Peterson, S. S. (1988). Effects of Plant 

Phenols on the performance of southern armyworm lar-

vae. Oecologia, 75(2), 185-189. DOI:10.1007/

BF00378595. 

18. Matsuda, K., Ihara, M., & Sattelle, D. B. (2020). Neonico-

tinoid Insecticides: Molecular Targets, Resistance, and 

Toxicity. Frontiers in Physiology, 11, 511.Doi: 10.3389/

fphys.2020.00511. 

19. Marques, T. R., Caetano, A. A., Alves, D. S., Ramos, V. 

D. O., Simao, A. A., Carvalho, G. A., &Correa, A. D. 

(2016). Malpighia emarginata DC. bagasse acetone ex-

tract: Phenolic compounds and their effect on Spodoptera 

frugiperda (JE Smith) (Lepidoptera: Noctuidae). Chilean 

journal of agricultural research, 76(1), 55-61. http://

dx.doi.org/10.4067/S0718-58392016000100008.  

20. Mesbah, H. A., Saad, A. S., Mourad, A. K., Taman, F. A., 

& Mohamed, I. B. (2007). Biological performance of quer-

cetin on the cotton leaf-worm larvae, Spodoptera littoralis 

Boisd.  (Lep., Noctuidae) and prevailing natural enemies 

in the Egyptian cotton fields. Communications in agricul-

tural and applied biological sciences, 72(3), 611-622. 

21. Mohapatra, D., Kar, A., & Giri, S. K. (2015). Insect pest 

management in stored pulses: an overview. Food and 

bioprocess technology, 8, 239-265. DOI: 10.1007/s11947-

014-1399-2. 

22. Ngamsuk, S., Huang, T. C., & Hsu, J. L. (2019). Determi-

nation of phenolic compounds, procyanidins, and antioxi-

dant activity in processed Coffea arabica L. 

leaves. Foods, 8(9), 389. DOI: 10.3390/foods8090389. 

23. Pavela, R. (2015). Acute toxicity and synergistic and an-

tagonistic effects of the aromatic  compounds of some 

essential oils against Culex quinquefasciatus Say  lar-

vae. Parasitology Research, 114, 3835-3853. 

24. Punia, A., Chauhan, N. S., Kaur, S., & Sohal, S. K. (2020). 

Effect of ellagic acid on the larvae of Spodoptera litura 

(Lepidoptera: Noctuidae) and its parasitoid Bracon hebe-

tor  

25.  (Hymenoptera: Braconidae). Journal of Asia-Pacific Ento-

mology, 23(3), 660-665. https://doi.org/10.1016/

j.aspen.2020.05.008. 

26. Punia, A., Chauhan, N. S., Singh, D., Kesavan, A. K., 

Kaur, S., & Sohal, S. K. (2021). Effect of gallic acid on the 

larvae of Spodoptera litura and its parasitoid Bracon hebe-

tor. Scientific reports, 11(1), 531. https://doi.org/10.1038/

s41598-020-80232-1. 

27. Punia, A., Singh, V., Thakur, A., & Chauhan, N. S. (2023). 

Impact of caffeic acid on growth,  development and bio-

chemical physiology of insect pest, Spodoptera litura  

(Fabricius). Heliyon, 9(3). DOI: 10.1016/Heliyon. 2023.e14 

https://doi.org/10.1234/jve.2022.00345
https://doi.org/10.1002/ps.1305
https://doi.org/10.1007/s11356-014-3332-7
https://doi.org/10.1007/s11356-014-3332-7
https://doi.org/10.1016/j.jspr.2023.101234
https://doi.org/10.1016/j.jspr.2023.101234
https://doi.org/10.1093/jee/toz050
https://doi.org/10.1146/annurev-ento-120220-024315
https://doi.org/10.1146/annurev-ento-120220-024315
https://doi.org/10.3390/ijerph17093222
https://doi.org/10.3390/ijerph17093222
https://doi.org/10.1146/annurev.ento.51.110104.151146
https://doi.org/10.1146/annurev.ento.51.110104.151146
https://doi.org/10.1002/arch.20135
https://doi.org/10.1002/arch.20135
https://doi.org/10.1002/ptr.1465
https://doi.org/10.1007/BF00378595
https://doi.org/10.1007/BF00378595
https://doi.org/10.3389/fphys.2020.00511
https://doi.org/10.3389/fphys.2020.00511
http://dx.doi.org/10.4067/S0718-58392016000100008
http://dx.doi.org/10.4067/S0718-58392016000100008
http://dx.doi.org/10.1007/s11947-014-1399-2
http://dx.doi.org/10.1007/s11947-014-1399-2
https://doi.org/10.3390/foods8090389
https://doi.org/10.1016/j.aspen.2020.05.008
https://doi.org/10.1016/j.aspen.2020.05.008
https://doi.org/10.1038/s41598-020-80232-1
https://doi.org/10.1038/s41598-020-80232-1
https://doi.org/10.1016/j.heliyon.2023.e14593


 

544 

Jaber, N. K. et al. / J. Appl. & Nat. Sci. 17(2), 537 - 544 (2025) 

593. 

28. Rani, P. U., & Pratyusha, S. (2013). Defensive role of 

Gossypium hirsutum L. anti-oxidative enzymes and phe-

nolic acids in response to Spodoptera litura F. feed-

ing. Journal of Asia-Pacific Entomology, 16(2), 131-136. 

https://doi.org/10.1016/j.aspen.2013.01.001. 

29. Sakihama, Y., Cohen, M. F., Grace, S. C., & Yamasaki, H. 

(2002). Plant phenolic antioxidants and prooxidant activi-

ties: phenolics-induced oxidative damage mediated by 

metals in plants. Toxicology, 177(1), 67-80. https://

doi.org/10.1016/S0300-483X(02)00196-8. 

30. Sharma, A., Shukla, A., Attri, K., Kumar, M., Kumar, P., 

Singh, G., ... & Bhatia, S. K. (2020). Global  trends in pes-

ticides: A looming threat and viable alterna-

tives. Ecotoxicology and Environmental Safety, 201, 

110812. https://doi.org/10.1016/j.ecoenv.2020.110812. 

31. Shihata, A. E. T. A., & Mrak, E. M. (1951). The fate of 

yeast in the digestive tract of  Drosophila. The American 

Naturalist, 85(825), 381-383. 

32. Singh, R., Costa, A. M., Gupta, S., Lee, J. H., & Silva, R. 

N. (2023). Emerging trends in organic plant extracts and 

microbial secondary metabolites for sustainable pest man-

agement. Journal of Pest Science, 96(4), 1457–

1478. https://doi.org/10.1016/j.jps.2023.05.002. 

33. Tapondjou, L. A., Adler, C. L. A. C., Bouda, H., & Fontem, 

D. A. (2002). Efficacy of powder and essential oil from 

Chenopodium ambrosioides leaves as post-harvest grain-

protectants against six-stored product beetles. Journal of 

stored products research, 38(4), 395-402. https://

doi.org/10.1016/S0022-474X(01)00044-3. 

34. Vimaladevi, S., Mahesh, A., Dhayanithi, B. N., & 

Karthikeyan, N. (2012). Mosquito larvicidal efficacy of 

phenolic acids of seaweed Chaetomorpha antennana 

(Bory) Kuetz.   Against Aedes aegypti. Biologia, 67, 212-

216. DOI: 10.2478/s11756-011-0152-9. 

35. Ugine, T. A., Gardescu, S., & Hajek, A. E. (2011). The 

effect of exposure to Imidacloprid on Asian  longhorned 

beetle (Coleoptera: Cerambycidae) survival and reproduc-

tion. Journal of Economic Entomology, 104(6), 1942-

1949.  https://doi.org/10.1603/EC11139. 

36. War, A. R., & Sharma, H. C. (2014). Effect of jasmonic 

acid and salicylic acid-induced resistance in groundnut on 

Helicoverpa armigera. Physiological Entomology, 39(2), 

136-142. https://doi.org/10.1111/phen.12057. 

 

https://doi.org/10.1016/j.heliyon.2023.e14593
https://doi.org/10.1016/j.aspen.2013.01.001
https://doi.org/10.1016/S0300-483X(02)00196-8
https://doi.org/10.1016/S0300-483X(02)00196-8
https://doi.org/10.1016/j.ecoenv.2020.110812
https://doi.org/10.1016/j.jps.2023.05.002
https://doi.org/10.1016/S0022-474X(01)00044-3
https://doi.org/10.1016/S0022-474X(01)00044-3
http://dx.doi.org/10.2478/s11756-011-0152-9
https://doi.org/10.1603/EC11139
https://doi.org/10.1111/phen.12057

