GSC Biological and Pharmaceutical Sciences

eISSN: 2581-3250 CODEN (USA): GBPSC2
Cross Ref DOI: 10.30574/gscbps

Journal homepage: https://gsconlinepress.com/journals/gscbps/

ONLINE PRESS

(RESEARCH ARTICLE) W) Check for updates

Chemical composition and insecticidal activity of essential oil from fresh Callistemon
viminalis leaves on Sitophilus zeamais, a pest of corn stocks

Adama FAYE 1, EL Hadji Gorgui DIOUF %, Alioune DIOUF 2, Toffene DIOME 3, Mamadou Latyr Ndour 1, Marie SARR 4,
Adama NDIAYE 4, Mamadou KEBE 1, Ndeye Bineta Camara !, Talibouya NDIOR 1 and Alioune NDIAYE 1

1 Laboratory of Natural Products, Department of Chemistry, Faculty of Science and Technology, Cheikh Anta Diop University
of Dakar, Senegal.

2 Department of Chemistry, Organic chemistry and bioorganics laboratory, Faculty of Science and Technology, Cheikh Anta
Diop University of Dakar, Senegal.

3 Department of Animal Biology, Faculty of Sciences and Technology, Cheikh Anta Diop University, Dakar, Senegal.

4 Responsible for sample extraction and metrology: CERES LOCUSTOX Laboratory.

GSC Biological and Pharmaceutical Sciences, 2026, 35(02), 292-304
Publication history: Received on 06 February 2026; revised on 20 May 2026; accepted on 22 May 2026

Article DOI: https://doi.org/10.30574/gscbps.2026.35.2.0093

Abstract

In a context where post-harvest losses of corn remain particularly high in West Africa, mainly due to the weevil
Sitophilus zeamais, this study aims to explore plant-based alternatives to chemical insecticides. It evaluates the chemical
composition and insecticidal efficacy of essential oils extracted from fresh leaves of Callistemon viminalis. Two
extraction techniques were compared: hydrodistillation and steam distillation. The yields obtained, ranging from 1.39
to 1.59%, remain low due to the high-water content of the leaves.

GC-MS analysis reveals that hydrodistillation produces an oil composed mainly of oxygenated sesquiterpenes, notably
nerolidol (50.64%) and viridiflorol (10.12%). Steam distillation, on the other hand, produces an oil richer in aromatic
phenols such as eugenol (12.18%) and methyl eugenol (2.72%), as well as hydrocarbon sesquiterpenes. Biological tests
show complete mortality of Sitophilus zeamais adults in less than 24 hours, regardless of the dose used or the extraction
method. Statistical analyses indicate that only the time factor significantly influences insect mortality.

These results confirm the high insecticidal potential of Callistemon viminalis for post-harvest protection of cereals and
suggest its value as a sustainable and environmentally friendly solution in Sahelian areas.

Keywords: Callistemon viminalis; Sitophilus zeamais; Insecticidal activity; Essential oil; Fresh leaves; Hydrodistillation
and steam distillation

1. Introduction

Food insecurity remains a major problem in tropical regions, where populations are most exposed to economic and
climate vulnerability. In these areas, particularly south of the Sahara, very short rainy seasons force farmers to store
their produce for several months to ensure consumption and seed availability for the next growing season [1], [2].

In these regions, crops are often stored in difficult conditions: high temperatures, high humidity, and inadequate
infrastructure. These constraints promote rapid food spoilage and increase post-harvest losses. According to several
studies, more than a third of production can be lost between harvest and consumption [3]. These losses affect not only
quantity but also quality: grains can ferment, lose their germination capacity, or become contaminated by pathogens.
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Insect pests also play a key role in this damage. Among them, weevils and other beetles belonging to the Curculionidae,
Bostrichidae, and Bruchidae families are particularly feared [4], [5]. The corn weevil (Sitophilus zeamais) is one example:
widely distributed, it can cause losses of up to 30% after a few months of storage if no protective measures are taken
[6]. Its attacks reduce the weight and nutritional value of the grains, while promoting the development of mold and the
production of toxins when the husks are perforated.

Among these plants, Callistemon viminalis is particularly noteworthy. Its essential oils contain compounds such as 1,8-
cineole and a-pinene, which are known for their repellent and insecticidal properties [12], [13], [14]. While their effects
have already been studied on various legume pests, their specific action against the corn weevil (Sitophilus zeamais)
under tropical storage conditions remains to be evaluated. This type of study would enable Sahelian producers to be
offered a protection method that is adapted to their practices and environmentally friendly.

This research is part of this approach. Its objective is to evaluate the effectiveness of Callistemon viminalis essential oil
on Sitophilus zeamais under simulated storage conditions, analyze its effects on mortality, reproduction, and population
dynamics, and define an application protocol compatible with farming practices. The expected results could help reduce
post-harvest losses, strengthen food security in the Sahel, and offer a sustainable alternative to conventional
insecticides.

2. Materials and methods

2.1. Biological material

2.1.1. Plant material

The plant material, consisting of Callistemon viminalis leaves, was collected from the botanical garden (14°41'03"N;
17°27'43"'W) of the Faculty of Science and Technology at Cheikh Anta Diop University (UCAD). The fresh leaves were
carefully washed with tap water and then subjected directly to the extraction processes.

2.1.2. Insects and breeding

Corn kernels were infested with Sitophilus zeamais insects from a mass breeding facility in the Department of Animal
Biology at FST/UCAD. The necessary humidity was maintained using cotton wool soaked in water, and the ambient
conditions of the laboratory were respected. The procedure was as follows: 250 g of previously infested corn kernels
were weighed and placed in glass jars, then covered with a porous cloth to ensure good ventilation. The jars were kept
at room temperature for ten (10) days, protected from any external infestation. After this period, the adult Sitophilus
zeamais insects were removed by sieving, and breeding was continued only with the grains containing eggs for 23 days
in order to obtain a new generation of insects.

2.2. Extraction methods

For this study, fresh Callistemon viminalis leaves were subjected to two extraction methods: hydrodistillation and steam
distillation using a Clevenger apparatus. For each experiment, 150 g samples of the aerial part of the plant were used
for a three-hour extraction. The condensed steam obtained resulted in two distinct phases. The organic phase, recovered
after decantation, was treated with sodium sulfate (Na,S0,4) to remove traces of water and was designated as essential
oil. Yields were calculated using the following equation:

. mass of essential oil
Yield = x 100
mass of sample

These two methods enabled us to compare the yields and chemical composition of essential oils extracted from fresh
and dry leaves.

2.3. Gas chromatography

GC/MS analyses of the essential oils were performed using an Agilent GC7890A gas chromatograph connected to a
5975C mass spectrometer, equipped with an HP-5MS capillary column (5% phenyl polysiloxane, 30 m x 0.25 mm, 0.25
pum film) and an automatic injector. The oven temperature was programmed from 150°C to 290°C at a rate of 10°C/min.
The ion source temperature was set at 300°C, and electron ionization was performed at 70 eV. Helium (99.999%) was
used as the carrier gas, with a constant flow rate of 1.5 mL/min, and 1.0 pL of sample was injected in split mode (split
30:1).
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The identification of the essential oil components was performed by comparing the mass spectra obtained with those
in the NIST libraries, as well as with data from the relevant literature. The relative quantities of each compound were
calculated from the GC peak areas, without applying correction factors.

2.4. Biological test

The insecticidal activity of Callistemon viminalis essential oils was evaluated using a contact test on adults of Sitophilus
zeamais, the main pest affecting corn stocks. The insects used came from a mass breeding program maintained under
controlled temperature and humidity conditions in the laboratory.

For each test, 20 g of corn kernels were placed in 90 mm diameter Petri dishes and treated with different volumes of
essential oil (100, 75, 50, and 25 pL). Each dish was then infested with 25 adult Sitophilus zeamais. Observations focused
on mortality over a period of 29 days, as well as the emergence of the new generation.

Each concentration was tested in four replicates, and an untreated control was included in each experimental series.
Mortality and emergence rates were corrected using Abbott's formula (1925) [15], and the data obtained were
subjected to analysis of variance (ANOVA) using Minitab Statistical Software 22. This analysis made it possible to
evaluate the effect of different parameters (dose, duration, and type of extract) on toxicity. This protocol thus made it
possible to determine the insecticidal efficacy of essential oils and to compare the activity of extracts obtained from
fresh leaves.

3. Results

3.1. Yield

The extraction yield of essential oils from Callistemon viminalis varies depending on the method used. Analyses show
that, regardless of the method used, freshly harvested leaves provide relatively modest amounts of essential oil. Steam
distillation yielded 1.39%, while hydrodistillation slightly improved extraction, reaching 1.59%. This low content is
mainly due to the natural moisture content of fresh leaves, which limits the release of volatile compounds during the
extraction process.

3.2. Chemical composition of essential oils

Gas chromatography coupled with mass spectrometry (GC-MS) analysis identified the main constituents of the essential
oil extracted from fresh Callistemon viminalis leaves. Identification was based on comparison of the spectra obtained
with the NIST08.L database and CAS reference numbers. Two extraction methods were used: hydrodistillation and
steam distillation, in order to evaluate the influence of the process on the chemical composition.

3.2.1. Essential oil obtained by hydrodistillation

Hydrodistillation reveals a high presence of sesquiterpenes, with a notable predominance of oxygenated compounds.
Nerolidol is the main compound, accounting for 50.64% of the total composition. It is followed by viridiflorol (10.12%),
while B-eudesmol and farnesol appear only in modest proportions.

Hydrocarbon sesquiterpenes represent the second largest family, dominated by B-humulene (8.75%), a-gurjunene
(1.90%), and 6-cadinene (6.67%). The fraction also contains a few compounds with a higher molecular weight, such as
phytol (1.39%) and squalene (0.57%), associated with minor oxygenated compounds such as
hexahydrofarnesylacetone (0.50%) and hexadecanoic acid (3.17%).

Overall, the oil obtained from hydrodistillation is characterized by a composition dominated by oxygenated

sesquiterpenes (61.22%), followed by hydrocarbon sesquiterpenes (25.37%). Other oxygenated compounds account
for 3.67%, while diterpenes and triterpenes total 1.96%.
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Table 1 Chemical composition of oils obtained by hydrodistillation of fresh leaves of Callistemon viminalis

Peak | TR Identified compounds CAS NIST % Qual. | Families
(min)
4 7.151 a-Gurjunene 489-40-7 1.90 | 96- Hydrocarbon
98 sesquiterpenes
(+)-Cyclosativene 22469-52-9 92
5 7.277 10S,11S-Himachala-3(12),4-diene 60909-28-6 | 8.05 | 93
Caryophyllene 87-44-5 93
(+)-Cycloisosativene 1000109- 90
88-1
6 9.512 Nerolidol 142-50-7 50.64 | 80- Oxygenated
7 7212-44-4 94 sesquiterpenes
86-
93
8 10.212 | B-Humulene 116-04-1 8.75 | 92 Hydrocarbon
y-Gurjunene 22567-17-5 gg | Sesquiterpenes
Viridiflorol 552-02-3 89 Oxygenated
sesquiterpenes
9 10.571 | 2-isopropyl-5-methyl-9-methylene- 150320-52- | 6.67 | 95 Hydrocarbon
bicyclo-1-decene(4.4.0) 8 sesquiterpenes
6-cadinene 483-76-1 90
(+)epi-bicyclosesquiphellandrene 54324-03-7 87
10 10.661 | Viridiflorol 552-02-3 10.12 | 86 Oxygenated
-Eudesmol 473-15-4 86 sesquiterpenes
Aromandendrene 489-39-4 84 Hydrocarbon
sesquiterpenes
11 10.733 | Farnesol 106-28-5 0.46 | 93- Oxygenated
95 sesquiterpenes
14 11.272 | Hexahydrofarnesyl acetone 502-69-2 050 |91 Other oxygenated
15 | 12.043 57-10-3 317 |go. | compounds
97
16 13.175 | Hexadecanoic acid 150-86-7 1.39 | 86- Diterpenes and
93 triterpenes
20 18.417 | Phytol 7683-64-9 | 0.57 |91

3.3. Essential oil obtained by steam distillation

The oil extracted by steam distillation has a contrasting chemical profile, marked by a high proportion of hydrocarbon
sesquiterpenes (37.68%). These mainly include caryophyllene (14.88%), caryophyllene-(11) (2.73%), a-calacorene
(1.61% and 10.63% depending on the peaks), as well as several cadinene compounds, including (3-cadinene (3.74% and
2.02%), 8-cadinene (2.02%), and cadine-1,4-diene (2.07%).

Unlike hydrodistillation, this method allows the detection of aromatic phenols, notably eugenol (12.18%) and methyl

eugenol (2.72%), as well as aromatic hydrocarbons such as cadalene (2.18%) and azulene, present in small proportions.
Oxygenated sesquiterpenes are less abundant (5.48%), including epiglobulol (1.64%) and viridiflorol (3.84%).
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Table 2 Chemical composition of oils obtained by steam distillation of fresh leaves of Callistemon viminalis

Peak | TR Identified compounds CAS NIST % Qual. | Families
(min)
3 6.936 Eugenol 97-53-0 12.18 | 96- Aromatic phenols
98
4 7.214 Methyleugenol 93-15-2 2.72 | 96-
98
5 7.465 Caryophyllene-(11) 1000158-18- | 2.73 | 93 Hydrocarbon
5 sesquiterpenes
10S,11S-Himachala-3(12),4- 60909-28-6 92
diene
Alloaromadendrene 25246-27-9 92
6 7.690 Caryophyllene 87-44-5 14.88 | 99
Isocaryophyllene 118-65-0 97
7 8.040 Cadine-1,4-diene 16728-99-7 2.07 | 83-
91
-Cadinene 523-47-7 87
8 8.202 -Cadinene 523-47-7 3.74 |99
o-Cadinene 5951-61-1 98
6-Selinene 28624-23-9 98
9 8.417 6-Cadinene 483-76-1 2.02 |95
[-Cadinene 523-47-7 95
10 8.695 a-Calacorene 1000293-02- | 1.61 | 80
3
11 8.839 a-Calacorene 1000293-02- | 10.63 | 91
3
12 8.947 Epiglobulol 1000150-05- | 1.64 | 93 Oxygenated sesquiterpenes
1
13 9.431 Viridiflorol 552-02-3 3.84 |97
17 9.988 Cadalene 483-78-3 2.18 | 93- Aromatic hydrocarbons
94
Azulene 489-84-9 91

3.4. Comparative analysis of the two methods

Analysis of the chemical compositions of essential oils extracted from fresh Callistemon viminalis leaves reveals
significant variations depending on the extraction method used.

Hydrodistillation produces an oil characterized by a high proportion of oxygenated sesquiterpenes, representing
61.22% of the total composition. Hydrocarbon sesquiterpenes are the second largest family, accounting for 25.37%,
while other oxygenated compounds account for 3.67%. Low levels of diterpenes and triterpenes (1.96%) are also
detected in this oil.

The oil obtained by steam distillation has a different chemical profile. Hydrocarbon sesquiterpenes are the most
abundant group, accounting for 37.68%. This method also allows the detection of aromatic phenols (14.9%) and
aromatic hydrocarbons (2.18%), which are absent in the oil obtained by hydrodistillation. Oxygenated sesquiterpenes
represent only 5.48% of the total in this fraction.
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Figure 1 Percentage of chemical families in extracts: Hydrodistillation and Steam Distillation

3.5. Insecticidal activity of essential oils

3.5.1. Steam distillation of fresh leaves

ANOVA indicates a significant effect of the time factor (p < 0.001), while the effects of doses and the interaction between
doses and time are not significant (p > 0.05).

Table 3 Analysis of variance in mortality

Source DF Adj SS Adj MS F-Value P-Value
Doses 3 0.01 0.002 0.04 0.990
Time 28 9354.49 334.089 5887.54 0.000
Doses*Time 84 4.70 0.056 0.99 0.520
Error 348 19.75 0.057

Total 463 9378.94

These results show that mortality is maximal regardless of the concentration applied. Total mortality (100%) is
achieved within the first 24 hours of exposure. Tukey's test and the main dose effect curve classify all doses in the same
statistical group, confirming that there is no significant difference between concentrations.

Table 4 Tukey Pairwise Comparisons Doses: Grouping Information Using the Tukey Method and 95% Confidence

Doses | N Mean Grouping
D1 116 | 0.811999 | A
D2 116 | 0.811999 | A
D3 116 | 0.811999 | A
D4 116 | 0.803292 | A

Means that do not share a letter are significantly different
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Main Effects Plot for Adjusted mortality
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Figure 2 Main effect curves as a function of doses

The mortality curve over time shows very rapid growth in the first few hours, followed by complete stabilization after
24 hours.

Main Effects Plot for Adjusted mortality
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Figure 3 Main effect curves as a function of time

3.5.2. Hydrodistillation of fresh leaves

The same behavior is observed for the oil obtained by hydrodistillation. The time factor is highly significant (p < 0.001),
while the doses and their interaction with time have no significant effect (p = 1.000).

Table 5 Analysis of variance in mortality

Source DF Adj SS Adj MS F-Value P-Value
Doses 3 0.01 0.002 0.05 0.986
Time 28 9502.33 339.369 7690.36 0.000
Doses*Time 84 0.18 0.002 0.05 1.000
Error 348 | 15.36 0.044

Total 463 | 9517.87
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Mortality reaches 100% within the first 24 hours, regardless of the dose used. Tukey’s results confirm statistical
homogeneity between concentrations, indicating total and uniform efficacy. This observation is confirmed by the Dose
x Time interaction curve.

Interaction Plot for Adjusted mortality
Data Means

i Doses
25
—&— D1
— - D2
--#-- D3

—dh- -
20- D4

15

Mean

10

NS K S B A DS ,eA DS D 0 DDA D AL D AR AR AR AN 4D A2

Time

Figure 4 Dose*Time interaction curve for mortality

3.5.3. Intra-group comparison (fresh leaves)

The comparison between the two extraction methods applied to fresh leaves shows that the type of extract has no
significant influence (p = 0.999). The effects of doses and multiple interactions are also insignificant (p > 0.9).

Table 6 Analysis of Variance

Source DF | AdjSS | AdjMS | F-Value | P-Value
Type of extract 1 0.0 0.000 0.00 0.999
Doses 3 0.0 0.004 0.09 0.968
Time 28 | 18856.3 | 673.438 | 13352.04 | 0.000
Type of extract*Doses 3 0.0 0.000 0.00 1.000
Type of extract*Time 28 | 0.6 0.020 0.40 0.998
Doses*Time 84 |32 0.038 0.75 0.950
Type of extract*Doses*Time | 84 | 1.7 0.020 0.40 1.000
Error 696 | 35.1 0.050

Total 927 | 18896.8

Mortality reaches 100% within 24 hours in both cases, demonstrating that the effectiveness of the essential oil is
independent of the extraction process. The only difference observed is temporal: mortality is immediate in all
treatments, with no significant variation between extraction methods.
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Table 7 Tukey Pairwise Comparisons Doses: Grouping Information Using the Tukey Method and 95% Confidence

Doses | N Mean Grouping
D1 232 | 0,811999 | A
D2 232 | 0,811999 | A
D3 232 | 0,811999 | A
D4 232 | 0,803335 | A

Means that do not share a letter are significantly different

Interaction Plot for Adjusted mortality
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Figure 5 Extracts*Time interaction curve for mortality

4. Discussion

The extraction yield of essential oils from Callistemon viminalis varies significantly depending on the method used.
Analyses reveal that, regardless of the technique applied, fresh leaves provide relatively modest amounts of essential
oil. In this study, steam distillation yielded 1.39%, while hydrodistillation slightly improved extraction, reaching 1.59%.
These results are within the range reported in recent literature, both in Africa and internationally. In Cameroon,
Younoussa etal. (2020) [16] observed a yield of 1.20% by hydrodistillation of fresh leaves of Callistemon ssp. In Senegal,
Wilane (2011) [17] obtained similar values, with 1.2% for fresh leaves and 2.02 to 2.88% for dried leaves, confirming
the impact of moisture on extraction efficiency. Similarly, Indira et al. (2021) [18] demonstrated that pre-treating the
leaves prior to distillation promoted the release of volatile compounds and increased the overall yield to 2.1%. In a
comparative study of several Myrtaceae species, Zhang et al. (2025) [19] confirmed that combining steam distillation
with prior dehydration increased oil recovery by 20 to 35%, depending on the species and the degree of grinding of the
plant material. Finally, Dwivedi et al. (2025) [20] specified that, for industrial applications, the optimal yield is generally
between 1.3 and 2.0%, depending mainly on the degree of drying of the leaves before extraction.

The low content recorded in this study (x1.4-1.6%) is mainly due to the high natural moisture content of fresh leaves,
which limits the vaporization and migration of volatile compounds during distillation. Several authors Bourkhiss, 2009
[21]; Indira et al.,, 2021 [18] have shown that the water content of plant material directly influences vapor pressure and,
consequently, the release of aromatic molecules. Furthermore, Ibrahim and Moussa (2020) [22] and Zhang et al. (2025)
[19] have highlighted the decisive effect of pedoclimatic factors such as temperature, relative air humidity, and soil type,
which can cause extraction yields to vary by up to 40% due to changes in the biosynthesis of secondary metabolites.

GC-MS analysis of essential oils from fresh leaves obtained by hydrodistillation reveals a composition marked by a high
proportion of hydrocarbon sesquiterpenes (himachalene, caryophyllene, 3-humulene, gurjunene) and oxygenated
sesquiterpenes (nerolidol, viridiflorol, -eudesmol, farnesol), with minor compounds such as squalene and phytol. In
contrast, the essential oil obtained by steam distillation has a profile dominated by aromatic phenols (eugenol 12.18%,
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methyl eugenol 2.72%) and a high proportion of hydrocarbon sesquiterpenes (caryophyllene 14.88%, a-calacorene
10.63%, B-cadinene, cadalene, etc.), as well as oxygenated sesquiterpenes (viridiflorol, epiglobulol).

This composition differs from the classic profiles dominated by 1,8-cineole, but remains consistent with the chemical
variability reported in the literature depending on origin, season, and extraction method [14], [23], [24], [25], [26], [27].
The differences observed between the two oils can largely be explained by the extraction method: steam distillation,
which involves passing steam more quickly through the plant material, promotes the extraction of more volatile and
heat-sensitive compounds, such as aromatic phenols, while limiting their thermal degradation. Conversely,
hydrodistillation, which involves prolonged exposure to heat, preferentially recovers less volatile and more stable
molecules, particularly sesquiterpenes [28], [29], [30]. Thus, each method induces a distinct chemical profile,
demonstrating that the choice of extraction process is a determining factor in the final composition of essential oils and
can, therefore, modulate their potential biological properties.

The results show total mortality (100%) of insects within 24 hours, regardless of the extraction method (steam
distillation or hydrodistillation) and the dose applied. This rapid and concentration-independent efficacy can be
explained by the richness of essential oils in bioactive compounds with strong insecticidal properties. Compounds such
as caryophyllene, -humulene, nerolidol, viridiflorol, and spathulenol are well known for their toxicity to many insects,
acting mainly by inhibiting acetylcholinesterase, disrupting the nervous system, or inducing cytotoxic effects, which
explains their larvicidal and adulticidal efficacy reported in the literature [31], [32], [33], [34]. Added to this is the action
of aromatic phenols, in particular eugenol, known for its neurotoxic, repellent, and acetylcholinesterase-inhibiting
effects, as well as its ability to disrupt insect growth [35]. Even minor compounds such as squalene and phytol enhance
the overall activity of the oil through synergistic effects, with phytol in particular demonstrating marked aphicidal
activity [32]. Thus, oil obtained by hydrodistillation, rich in oxygenated sesquiterpenes, exhibits acute toxicity and
prolonged action on several stages of insects [33], [34], while oil obtained by steam distillation, highly concentrated in
eugenol and methyl eugenol, induces rapid, powerful, and often synergistic action against various pests [35]. Overall,
the high insecticidal efficacy observed can be explained by the coexistence of hydrocarbon and oxygenated
sesquiterpenes, combined with aromatic phenols, whose complementary and synergistic modes of action contribute to
high and rapid mortality in target insects.

5. Conclusion

Essential oils obtained from fresh Callistemon viminalis leaves are particularly effective against Sitophilus zeamais, one
of the most destructive pests of stored corn in West Africa. Although yields remain modest due to the high moisture
content of the leaves, the two extraction techniques used provide oils rich in bioactive compounds. Hydrodistillation is
particularly effective at extracting oxygenated sesquiterpenes, notably nerolidol and viridiflorol, which are known for
their strong insecticidal activity. Steam distillation, on the other hand, produces an oil that is more concentrated in
aromatic phenols such as eugenol, known for its neurotoxic effects on insects.

Biological tests reveal total mortality of weevils in just 24 hours, regardless of the dosage applied or the extraction
method used. This rapid action suggests a notable synergy between the various volatile compounds, whose combined
effects target both the nervous system and metabolism of insects. Statistical analysis also shows that only the time factor
influences mortality, highlighting the intrinsic power of the essential oil.

These results confirm that Callistemon viminalis is a serious, sustainable, and more environmentally friendly alternative
to synthetic insecticides, particularly suited to agricultural conditions in the Sahel. Its use could help limit post-harvest
losses, improve food security, and support integrated pest management strategies that are more respectful of human
health and the environment. However, further research is needed on the formulation, stability, persistence, and effects
on non-target organisms in order to optimize its large-scale application.
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