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Abstract 

The use of plant extracts as insecticides against vector insects serves as a perfect alternative to conventional meth-
ods. This study was carried out to assess the chemical composition and efficacy of Chromolaena odorata L. and Oci-
mum gratissimum L. in the control of adult houseflies. C. odorata and O. gratissimum were extracted with cold water 
and applied at four concentrations (5, 10, 40 and 100% v/v) in different bioassays (contact, fumigant and feeding-
deterrent). A synthetic insecticide (Lambdacyhalothrin) and an untreated control were included in the treatments. 
The treatments were arranged in a completely randomized design with three replicates. The phytochemical compo-
sitions of the tested plant extracts were determined via gas chromatography‒mass spectrometry (GC‒MS). Mortal-
ity data were recorded at the stipulated times (1, 2, 4, 6, 8 and 24 h), and the means were separated via Duncan’s 
multiple range test at a 5% probability. GC‒MS revealed different chemical compounds, and eugenol, n-hexade-
canoic acid, caryophyllene, phytol, humulene, 9,12,15-octadecatrienoic acid, (Z,Z,Z)-, squalene, and stigmasterol 
compounds, among others, were identified as active insecticidal compounds. The tested plant extracts were effec-
tive against the studied insects, which suggested synergistic action of the observed natural chemicals in the plant 
extracts used. Moreover, the two plant extracts did not kill the studied insects faster than the synthetic insecticide 
did, but 100% mortality was observed after 12 h of exposure to the plant extracts. The mode of application and con-
centration played a significant role in the toxicity of the plant extracts, with the feeding mode of application resulting 
in greater toxicity effects than the fumigant and contact bioassays at the highest concentration. However, O. gratis-
simum exhibited better insecticidal control than C. odorata extracts did. Therefore, the use of crude plant extracts 
as insecticides could serve as substitutes for lambdachyalothrin in the control of houseflies, especially in animal rear-
ing facilities and in the human population.
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Graphical Abstract

Introduction
The housefly (Musca domestica Linnaeus, 1758) cohab-
its with humans, presents numerous health hazards, and 
serves as a mechanical vector that can transmit a range of 
infections, including cholera, while also causing annoy-
ance to people (Sankar and Jagadeeswaran 2020; Soyelu 
et al. 2020; Olagunju 2022). Houseflies thrive on a range 
of temporary food sources, including kitchen waste; dung 
from swine, goats, bovines, sheep, and horses; wet hay; 
fermenting organic matter; human excrement; cut grass; 
and urine. Dairy farms serve as optimal environments for 
the breeding of houseflies, presenting a significant chal-
lenge to dairy operations globally (Neupane et  al. 2019; 
Soyelu et al. 2020). M. domestica not only transmits dis-
eases but also contributes to food spoilage, stress, and 
irritation in livestock and poultry, ultimately resulting 
in decreased production efficiency (Kumar et  al. 2011; 
Alghamdi 2021). Furthermore, it leads to substantial eco-
nomic losses, unwarranted staff frustration, and a notable 
decline in the quality of animal management (Chantawee 
and Soonwera 2018; Freeman et  al. 2019). Therefore, 
managing this insect becomes necessary.

Chemical insecticides, such as organochlorines, organ-
ophosphates, and pyrethroids, serve as primary methods 
for controlling house flies. However, chemical insecti-
cides are widely recognized for their significant health 
and ecological drawbacks (Zhang et  al. 2017; Singh 
et  al. 2023). Consequently, alternative control strategies 
that are effective against insects, safe for humans, and 

environmentally sustainable are urgently needed. An 
increasing number of people are looking to use plants 
to eliminate household pest insects. Botanical pesticides 
are good sources of safer and more eco-friendly pesti-
cides, making them a better choice than conventional 
chemicals. Botanicals are more eco-friendly, economi-
cal, species specific, and biodegradable and have fewer 
or no harmful effects on nontarget organisms, including 
humans, making them a viable alternative to chemical 
pesticides (Sharma et  al. 2011; Demirak and Canpolat 
2022; Nteziyaremye et al. 2023).

Plant-derived products have surfaced as a prominent 
option for managing insect populations. Plant extracts 
contain bioactive compounds such as polyphenols, alka-
loids, terpenoids, essential oils, steroids, lignins, fatty 
acids, and sugars. These compounds are secondary 
metabolites of plants and have a wide range of effects on 
various insect pests. Consequently, these products are 
regarded as effective alternatives to chemical insecticides 
for managing insect pests and have minimal impact on 
human health, the environment, and beneficial insects, 
such as predators, parasites, and pollinators, owing to 
their low residual activity (Regnault-Roger et  al. 2012; 
Pandey 2022).

Ocimum gratissimum L. (Lamiaceae), commonly 
referred to as white wild basil, clove basil, or African 
basil, is an aromatic herb within the genus Ocimum, 
which is part of the Lamiaceae family (Dzoyem et  al. 
2017). This species is found across pantropical regions, 
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originally from southern Africa and Madagascar, and has 
become prevalent in all intertropical areas because of 
its ability to adapt ecologically (Lebrun and Stork 1997). 
This plant is often used in traditional medicine in tropi-
cal areas because it has pain-relieving, diabetes-lowering, 
muscle-spasm-relieving, expectorant, diuretic, antibacte-
rial, calming, antidiarrheal, and asthma-relieving proper-
ties (Benelli et al. 2019). Additionally, it serves purposes 
such as treating snake bites, repelling mosquitoes, and 
controlling insects (Benelli et al. 2019).

Chromolaena odorata L., widely referred to as Siam 
weed, belongs to the Asteraceae family and is recog-
nized for its pesticidal and medicinal properties in vari-
ous regions (Sirinthipaporn et  al. 2017). While it is not 
restricted to specific habitats, it is frequently found in 
wastelands (Rajmohan and Logankumar 2011). Glob-
ally, people acknowledge C. odorata as one of the most 
problematic tropical weeds because of its rapid prolifera-
tion (Mandal and Josh 2014). Researchers have identified 
alkaloids, cardiac glycosides, anthocyanins, tannins, and 
flavonoids in the leaf extracts of C. odorata (Ngozi et al. 
2009). Several studies have illustrated the effectiveness 
of its leaf extract, highlighting its role as an antioxidant, 
anti-inflammatory, analgesic, antimicrobial, and cyto-
protective agent (Ajao et  al. 2011). C. odorata has been 
shown to be effective against adult mosquito vectors 
(Alam et al. 2011), and its leaf extract has been tested for 
its ability to control red flour beetle (Onumkum 2013). 
However, information on the effects of the two tested 
plant extracts against adult houseflies at different concen-
trations is lacking; therefore, the aim of this study was to 
evaluate the insecticidal effectiveness of O. gratissimum 
and C. odorata against adult houseflies.

Results
GC‒MS analysis of the plants
GC‒MS (Figs.  1 and 2) revealed 22 compounds in the 
leaves of C. odorata (Fig.  3) and 28 compounds in the 
leaves of O. gratissimum (Fig.  4). In C. odorata leaves, 
4H-pyran-4-one, 1,2-benzenediol, hexanoic acid, 
α-terpineol, oleic acid, (Z,Z)−9,12-octadecadienoic 
acid-, 14-methyl-, methyl ester, 9,12,15-octadecatrie-
noic acid, methyl ester, n-hexadecanoic acid, caryo-
phyllene, and octadecanoic acid were found to be 
insecticidal compounds. 2-Methoxy-4-vinylphenol, 
eugenol, n-hexadecanoic acid, caryophyllene, phytol, 
humulene, 9,12,15-octadecatrienoic acid, squalene, stig-
masterol, and β-sitosterol are the insecticidal compounds 
found in O. gratissimum leaves. Both plants share the 
common compound caryophyllene.

Effects of insecticides through contact toxicity on adult 
houseflies
Table 1 shows that O. gratissimum and C. odorata leaves 
presented insecticidal potential against adult houseflies 
when applied through contact. None of the developed 
botanicals resulted in mortality among the houseflies 
after 1  h of exposure, whereas the synthetic insecticide 
lambdacyhalothrin eliminated all the insects within the 
same time frame. The concentration of O. gratissimum 
at 100% v/v had the most significant insecticidal poten-
tial after 8 and 12 h of exposure. All concentrations of 
O. gratissimum (5, 10, 40, and 100% v/v) and C. odo-
rata (100% v/v) exhibited equivalent insecticidal effi-
cacy to lambdacyhalothrin after a 24 h exposure period. 
In addition, other concentrations of C. odorata (5, 10, 
and 40% v/v) demonstrated reduced insecticidal effi-
cacy compared with O. gratissimum and lambdacyhalo-
thrin after a 24-h exposure period. Nonetheless, there is 
a progressive increase in the effectiveness of insecticides 
with prolonged exposure time. Compared with other 

Fig. 1  Phytochemical analysis of Chromolaena odorata plants

Fig. 2  Phytochemical analysis of Ocimum gratissimum plants
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concentrations, the formulated insecticides, which were 
applied at a concentration of 100% v/v, demonstrated sig-
nificant insecticidal potential.

Effects of insecticides through feeding toxicity on adult 
houseflies
The effects of insecticides on adult houseflies are 
reported in Table 2, with a focus on feeding toxicity. The 
insecticides tested resulted in mortality within the stipu-
lated time, except for C. odorata leaves at 5 and 10% v/v, 
as did the control group, which showed no insecticidal 
effects on M. domestica adults after 1 h of exposure. In 
contrast, lambdacyhalothrin resulted in a 100% mortal-
ity rate in the treated insect population. The efficacy of O. 
gratissimum at 100% was equivalent to that of lambdacy-
halothrin after a 4-h exposure period. The efficacy of O. 
gratissimum at all concentrations was statistically 100% 
mortality, as was observed for the synthetic insecticide-
treated houseflies after 12 h of exposure. Moreover, C. 
odorata at 100% v/v demonstrated the highest insecti-
cidal potential among its formulations, effectively elimi-
nating 80% of the insect population. The rates of 10, 40, 
and 100% demonstrated the highest efficacy after a 24 h 
exposure period, according to the statistical analysis.

Effects of insecticides through fumigant toxicity on adult 
houseflies
According to our findings (Table 3), none of the botani-
cal insecticides had insecticidal effects on adult house-
flies after 2 h of exposure. In contrast, lambdacyhalothrin 
effectively eliminated the entire insect population within 
1 h of exposure via its fumigant application method. The 
application of C. odorata at concentrations of 5 and 10% 
v/v did not result in any mortality among the studied 
insects after an 8-h exposure period. In contrast, C. odo-
rata at a concentration of 100% v/v presented the high-
est insecticidal efficacy among the concentrations tested, 
leading to a mortality rate of 46.7% in the insect popula-
tion after the same duration of exposure. Following a 24 
h exposure period, O. gratissimum at concentrations of 5, 
10, 40, and 100% v/v and C. odorata at 10 and 100% v/v 
effectively competed with synthetic insecticides.

Discussion
The management of M. domestica depends on the 
application of chemical insecticides; however, the wide-
spread application of insecticides has resulted in the 
emergence of resistance and tolerance among insect 
populations, leading to negative consequences for both 
consumers and the environment (Vasantha-Srinivasan 
et  al. 2016; Jyoti et  al. 2018; Richardson et  al. 2019; 
Sánchez-Bayo 2021). Products derived from plants 
include bioactive compounds that can be utilized for 

managing insect pests that affect animals, crops, and 
humans (Khater and Geden 2018; Wang et  al. 2019; 
Lengai et al. 2020; Ayilara et al. 2023). Crude botanical 
extracts derived from plant leaves, roots, seeds, flow-
ers, and bark have served as traditional pesticides for 
centuries (Alao et al. 2020, 2025; Cossetin et al. 2021). 
Furthermore, the use of crude or partially purified plant 
extracts is clearly a much more cost-effective and effec-
tive way to control M. domestica than the use of puri-
fied compounds or extracts (Fouda et al. 2017).

These observations indicate that both plant extracts, O. 
gratissimum and C. odorata, demonstrated insecticidal 
activity against M. domestica. This finding aligns with the 
findings of Udebuani et al. (2015), who reported that C. 
odorata leaf extracts were toxic to P. americana. Addi-
tionally, Mohammed (2018) noted that aqueous extracts 
from plants such as the leaves of Nerium oleander, Myr-
tus communis, and Vachellia farnesiana significantly 
impacted the mortality rates of adult houseflies. Addi-
tionally, a study conducted by Attaullah et al. (2019) dem-
onstrated that extracts derived from Azadirachta indica, 
Peganum harmala, Datura stramonium, Tribulus ter-
restris, and Chenopodium murale exhibited insecticidal 
effectiveness against 2nd instar larvae of M. domestica. 
The mortality observed in adult M. domestica resulting 
from various plant extracts may be attributed to the vary-
ing toxicity levels of the active compounds present.

In C. odorata leaves, 4H-pyran-4-one, 1,2-benzen-
ediol, hexanoic acid, α-terpineol, oleic acid, (Z,Z)−9,12-
octadecadienoic acid, 14-methyl-, methyl ester, 
9,12,15-octadecatrienoic acid, methyl ester, n-hexadeca-
noic acid, caryophyllene and octadecanoic acid are the 
insecticidal compounds found. This is corroborated by 
the findings of previous reports (Liu et al. 2012, García-
Robles et al. (2013), Igwe and Udofia, 2015, Gurunathan 
et al. 2016, Khaleel et al. 2018, Jiang et al. 2018, Ali and 
Venugopalan 2019, Ma et  al. 2020, Khamis et  al. 2023, 
Abdullah et al. 2024).

Eugenol (Fernandes et  al. 2020), 2-methoxy-4-vinyl-
phenol (Jung et al. 2015), n-hexadecanoic acid (Abdul-
lah et al. 2024), caryophyllene (Liu et al. 2012), phytol 
(Methew and Thoppil 2011), humulene (da Silva et  al. 
2015; Benelli et  al. 2018), 9,12,15-octadecatrienoic 
acid (Rahman et  al. 2014), squalene (Chauhan et  al. 
2015), stigmasterol (Gade et al. 2017), and β-sitosterol 
(Aguilar-Marcelino et  al. 2022) are the insecticidal 
compounds found in O. gratissimum leaves. These 
compounds may contribute to the mortality of adult M. 
domestica. Stigmasterol causes mortality through the 
inhibition of Aedes aegypti acetylcholinesterase (Gade 
et al. 2017). Caryophyllene, on the other hand, acts as a 
nerve poison to pests through sodium channel modula-
tors (Balar and Nakum 2010).
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Fig. 3  Identified compounds in Chromolaena odorata leaves
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Fig. 4  Identified compounds in Ocimum gratissimum leaves
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The results revealed that O. gratissimum and C. 
odorata at 100% v/v presented superior insecticidal 
potential to the other concentrations (5, 10, and 40% 
v/v). This aligns with the findings of Sharma et  al. 
(2011), who reported that the percentage mortality of 
adult houseflies increased with increasing concentra-
tions of plant extracts, indicating a direct relationship 
between the dose and percent mortality. Additionally, 

Mohammed (2018) noted that the maximum con-
centration of Metarhizium anisopliae fungus (1 × 100 
spores/ mL) resulted in complete mortality (100%) of 
adult houseflies, which was significantly different from 
the mortalities induced by the other fungal concentra-
tions. Similarly, the findings of Attaullah et  al. (2019), 
Cossetin et  al. (2021) and Alao et  al. (2025) indicated 
that the mortality rate of M. domestica increased 

Table 1  Effects of contact toxicity on adult houseflies

Notes: Means with the same superscript (s) are not significantly different at the 5% probability level. O. gratissimum: Ocimum gratissimum;C. odorata: Chromolaena 
odorata

Hours of exposure

Treatments Rates 1 2 4 8 12 24

Lambdacyhalothrin 100a 100a 100a 100a 100a 100a

Control 0.00b 0.00d 0.00f 0.00e 0.00e 0.00d

O. gratissimum leaf 5 0.00b 0.00d 20.0e 46.7c 78.8bc 100a

O. gratissimum leaf 10 0.00b 20.0bc 33.3 cd 66.7b 86.7a 100a

O. gratissimum leaf 40 0.00b 26.7b 40.0bc 66.7b 93.3a 100a

O. gratissimum leaf 100 6.67b 26.7b 53.3b 73.3b 100a 100a

C. odorata leaf 5 0.00b 0.00d 13.3ef 26.7d 46.7d 66.0c

C. odorata leaf 10 0.00b 0.00d 20.0de 33.3 cd 60.0 cd 86.7a

C. odorata leaf 40 0.00b 13.3bcd 26.7cde 40.0 cd 53.3 cd 80.0bc

C. odorata leaf 100 0.00b 6.67 cd 26.7cde 33.3 cd 60.0 cd 93.3a

Rate 100 35.3a 44.4a 60.0a 68.9b 86.7a 97.8a

40 0.00b 20.0b 33.3b 58.3b 73.3a 93.3a

10 0.00b 10.0b 26.7b 50.0b 73.3a 90.0a

5 0.00b 0.00c 11.1c 24.4c 40.0b 55.6b

Table 2  Effects of insecticides through feeding toxicity on adult houseflies

Notes: Means with the same superscript (s) are not significantly different at the 5% probability level. O. gratissimum: Ocimum gratissimum;C. odorata: Chromolaena 
odorata

 Hours of exposure

Treatments Rates 1 2 4 8 12 24

Lambdacyhalothrin 100a 100a 100a 100a 100a 100a

Control 0.00e 0.00e 0.00f 0.00c 0.00c 0.00c

O. gratissimum leaf 5 13.3de 20.0d 40.0cde 53.3 cd 100.0a 93.3a

O. gratissimum leaf 10 20.0 cd 33.3c 53.3bc 73.3a 93.3a 100a

O. gratissimum leaf 40 33.3c 33.3c 66.7b 66.7 cd 100a 100a

O. gratissimum leaf 100 20.0 cd 66.7b 86.7a 93.3a 100a 100a

C. odorata leaf 5 0.00e 0.00e 20.0e 46.7d 40.7d 93.3a

C. odorata leaf 10 0.00e 13.3de 26.7 cd 53.3 cd 46.7 cd 93.3a

C. odorata leaf 40 20.0 cd 33.3c 46.7 cd 53.3 cd 60.0c 100a

C. odorata leaf 100 20.0 cd 33.3c 33.3cde 53.3 cd 80.0b 100a

Rate 100 57.8a 66.7a 73.3a 82.2a 93.3a 100a

40 26.7b 33.3b 56.7b 60.0b 80.0a 100a

10 10.0c 23.3c 40.0c 63.3b 70.0a 96.7a

5 4.44c 6.67c 20.0d 33.3c 42.2b 62.2b
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significantly with increasing dose rates. The insec-
ticidal effects of O. gratissimum extracts might be 
associated with eugenol, 2-methoxy-4-vinylphenol, 
n-hexadecanoic acid, caryophyllene, phytol, humulene, 
9,12,15-octadecenoic acid, squalene, stigmasterol, and 
β-sitosterol in combination with these bioactive com-
pounds; 4H-pyran-4-one, 1,2-benzene, hexanoic acid, 
α-terpineol, oleic acid, (Z,Z)−9,12-octadecadienoic 
acid, 14-methyl-, methyl ester, 9,12,15-octadecatrienoic 
acid, methyl ester, n-hexadecanoic acid, caryophyllene 
and octadecanoic acid can be attributed to C. odorata.

Compared with those of C. odorata, extracts of O. 
gratissimum demonstrated superior insecticidal effects 
on adult houseflies. This aligns with the findings of 
Suwannayod et  al. (2019), who reported that O. gratis-
simum presented the second highest toxicity among 
the five plants tested against houseflies. These findings 
underscore the potential of O. gratissimum as an eco-
friendly insecticide for fly management and provide fresh 
perspectives on the industrialization and commerciali-
zation of plant-derived fly control solutions. The varia-
tions in the effectiveness of the plant extracts utilized in 
this study could be attributed to the differences in their 
chemical compositions (Figs. 3 and 4), which significantly 
influence the mortality rates of the insect pests that were 
treated (Mohammed 2018). Furthermore, the differing 
toxicity levels present in the insecticidal components of 
each plant likely contributed to the discrepancies in the 
results (Monzon et  al. 1994). A prior investigation cor-
roborated these results, with Kazim (2013) indicating 
that the effectiveness of aqueous extracts from Nerium 

oleander was notably superior to that of Myrtus commu-
nis and Vachellia farnesiana in combating the larval stage 
of houseflies.

An increase in the exposure of houseflies to insecti-
cidal formulations results in an increased mortality rate. 
Raja and Suresh (2015) provided evidence that the mor-
tality rate of M. domestica larvae increases proportion-
ally with the duration of exposure to the hexane extract 
of Sapindus emarginatus seeds. In a related context, 
direct exposure to dry allicin residues resulted in a dis-
tinct dose-response, culminating in 100% mortality of 
adult houseflies 48 h after a 24 h exposure period, with an 
LD50 for allicin recorded at 32.6 mg/cm2, as reported by 
Bell et al. (2015).

The application of the formulations through feeding 
had greater insecticidal efficacy on adult houseflies than 
the other modes of application, i.e., contact and fumigant 
(Tables 1–3). This is in contrast with the findings of Alao 
et al. (2025), who revealed that extracts of M. oleifera and 
J. curcas, when applied by direct contact, demonstrated 
greater efficacy in killing the targeted insect than other 
modes of application. Notably, the insecticides used as 
fumigants had the least harmful effects.

Compared with synthetic insecticides, botanical insec-
ticides result in a lower level of harm and have minimal 
or no impact on nontarget organisms. Furthermore, these 
substances present little to no risk to the environment, 
as they do not accumulate in soil, air, or water and are 
inherently biodegradable (Lengai et al. 2020; Gupta et al. 
2021). This study was carried out in a controlled labora-
tory environment; therefore, subsequent investigations 

Table 3  Effects of insecticides through fumigant toxicity on adult houseflies

Notes: Means with the same superscript (s) are not significantly different at the 5% probability level. O. gratissimum: Ocimum gratissimum;C. odorata: Chromolaena 
odorata

 Hours of exposure

Treatments Rates 1 2 4 8 12 24

Lambdacyhalothrin 100a 100a 100a 100a 100a 100a

Control 0.00b 0.00b 0.00b 0.00d 0.00d 0.00c

O. gratissimum leaf 5 0.00b 0.00b 6.67 cd 13.33c 20.0ef 93.3a

O. gratissimum leaf 10 0.00b 0.00b 13.3c 20.0c 40.0 cd 93.3a

O. gratissimum leaf 40 0.00b 0.00b 40.0b 40.0b 53.3 cd 93.3a

O. gratissimum leaf 100 0.00b 0.00b 38.3b 40.0b 66.7bc 100a

C. odorata leaf 5 0.00b 0.00b 0.00d 0.00d 13.3 fg 53.3c

C. odorata leaf 10 0.00b 0.00b 0.00d 0.00d 60.0 cd 86.7a

C. odorata leaf 40 0.00b 0.00b 0.00d 13.3c 33.3ef 66.6b

C. odorata leaf 100 0.00b 0.00b 0.00d 46.7b 73.3b 86.7a

Rate 100 33.3a 33.3a 44.5a 62.2a 80.0a 95.6a

40 0.00b 0.00b 20.0b 26.7b 43.3b 80.0b

10 0.00b 6.67c 10.0c 10.0c 33.3b 80.0b

5 0.00b 0.00b 22.2c 4.44c 11.1c 48.9c
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should emphasize the use of botanical insecticides in 
real-world field settings. Botanical insecticides are biode-
gradable; however, a significant challenge is their limited 
shelf life. Further investigation is necessary to enhance 
the development of bioactive formulations that exhibit 
improved shelf-life and efficacy.

The findings of this study could pave the way for cre-
ating more cost-effective and environmentally friendly 
alternatives to conventional organic insecticides, as the 
plants used in the present study for the formulation of 
the crude insecticides were readily available and were 
harvested with ease. Additionally, the technique and 
other materials used for the formulation of these insecti-
cides are easy to adapt.

Conclusions
These observations clearly showed that crude extracts of 
C. odorata and O. gratissimum can effectively manage 
housefly populations. The findings of this study further 
support the conventional use of plant products and imply 
that the extracts contain compounds with insecticidal 
properties that can serve as lethal or repellent agents 
against medically important insects. To maximize the 
insecticidal potential of these native medicinal plants and 
develop a formulation that is both effective and economi-
cally viable, additional research is necessary.

Methods
Experimental site
The study was conducted at the Department of Crop and 
Environmental Protection, Ladoke Akintola University of 
Technology (LAUTECH), Ogbomoso, Oyo State, Nige-
ria. The temperature has remained consistently elevated, 
with an annual variation of approximately 5°C. The aver-
age annual precipitation is approximately 1200 mm, with 
a typical range spanning from 786.2 mm to 1513 mm. The 
rainy season occurs between April and November. The 
monthly distribution exhibits a bimodal pattern, with an 
initial peak occurring in June and a subsequent peak in 
September, whereas July and August serve as breaks in 
this timeframe.

Experimental design
We used three modes of application: contact, feeding, 
and fumigant. The treatments were organized in a com-
pletely randomized design (CRD) and were replicated 
three times. Adult houseflies gathered in insect-hold-
ing boxes were removed and placed into the specified 
plastic containers (five insects per container), follow-
ing which the treatments were applied. The treatments 
evaluated in this study consisted of Chromolaena leaves, 
Ocimum leaves, lambdacyhalothrin (serving as the posi-
tive control), and water (acting as the negative control). 

The mortality rates for each treatment were recorded at 
1, 2, 4, 6, 8, and 24 h. The treatments were performed in 
triplicate.

Insect collection
Adult house flies were drawn into the insect wooden cage 
using meats in a well-known abattoir in Ogbomoso from 
September to October 2024. They were provided with a 
combination of meats and sugary substances diluted in 
water. The houseflies were permitted to adapt to their 
new surroundings for one week prior to the initiation of 
the experiment (Alao et  al. 2025). Healthy adult house-
flies were selected from the insect box without regard to 
sex for the study.

Plant collection and identification
Leaves of C. odorata and O. gratissimum were collected 
from the premises of LAUTECH in Nigeria during the 
rainy season, which spans from April to October. The 
plants were subsequently transported to the botany sec-
tion of the Pure and Applied Biology Department of the 
institution for identification purposes.

Gas chromatography‒mass spectrometry (GC‒MS) analysis 
of phytochemical compounds
The samples’chemical compositions were analyzed via a 
Varian 3800/4000 gas chromatograph mass spectrometer 
(GC‒MS), which was outfitted with an Agilent capillary 
column DB-1MS (30 mm×0.25 mm inner diameter×0.25 
µm thickness). The carrier gas employed was nitrogen, 
which was maintained at a steady flow rate of 1.2 mL/
min. The apparatus features an oven set to an initial tem-
perature of 55°C for 3 min, followed by a ramp program 
that increases at a rate of 6°C/min until reaching 310°C, 
accompanied by an additional isothermal hold of 3 min, 
with a flow rate split ratio of 10:1. Two microliter vol-
umes of samples were injected, and the injector tempera-
ture was maintained at 250°C. A specific component was 
identified via standard mass spectra from the National 
Institute of Standards and Technology (NIST-LIB 0.8) 
libraries, which were integrated within the software of 
the GCMS system (ChemStation), along with relevant 
literature data. The various phytochemicals found in the 
crude extract were isolated via a gas chromatography 
column. A single compound isolated through gas chro-
matography proceeds to the mass spectrometer, where 
it undergoes ionization. The mass spectrometry ion-
izing spectrum was documented and analyzed in rela-
tion to the mass spectrometry spectrum of established 
compounds found in the NIST library. Each compound 
underwent a comparative analysis on the basis of a per-
centage score derived from both the reverse and forward 
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spectra. The MS spectrum accurately reveals the molecu-
lar weights of individual molecules.

The chromatograms derived from the total ion count 
(TIC) were integrated without any adjustments for 
coeluting peaks, and the findings are reported as total 
abundance. All the peaks were identified through mass 
spectral matching, achieving a threshold of 90% or 
higher, utilizing both the NIST and Wiley libraries. Com-
pounds were reported only when they exhibited a spec-
tral matching accuracy of 90% or higher. No response 
factors were determined.

Preparation of plant extracts
The leaves of C. odorata and O. gratissimum were air-
dried for 14 d, and each plant material was pulverized 
separately via a mortar and pestle (Alao and Adebayo 
2011). Five hundred grams of the pulverized plant pow-
der was weighed separately via a sensitive scale. Each 
paste was subsequently transferred to a separate 15-L 
plastic bucket that contained 1000 mL of water. The 
materials were permitted to remain in the solution for 
24 h (Ezena et al. 2016). The filtrates were collected and 
stored in a 5-L plastic keg as a stock solution. The fil-
tration was conducted via the muslin linen. A one-liter 
extract of each plant was extracted from the stock solu-
tion. Four concentrations (5, 10, 40, and 100% v/v) were 
subsequently prepared and diluted with an equivalent 
volume of distilled water (Alao and Adebayo 2015). For 
example, 50 mL of the extract was diluted with 950 mL 
of distilled water after 5% of the stock was added. For 
the estimation of the other concentrations, the proce-
dure was followed for 10% and 40%, whereas 100% of the 
extract was not mingled with water. The bioassay was 
conducted using the same volume of the solution (5 mL).

Contact toxicity bioassay
The experiment commenced at 8 am in the morning. 
Each container was labeled with the corresponding treat-
ments, namely, Chromolaena leaf, Ocimum leaf, lamb-
dacyhalotrin, and the control. The transparent plastic 
container was introduced to five active adult houseflies 
that were selected from housefly rearing crates with 
dimensions of 31.0 cm in length, 45.5 cm in width, and 
30.5 cm in height. The investigated insects were sprayed 
with a 5 mL solution of each plant extract (5, 10, 40, or 
100% v/v) via a medical syringe to ensure that the solu-
tion made contact with the housefly. The houseflies were 
checked for survival or death by introducing an external 
stimulus through a spatula (Alao et  al. 2025). The fail-
ure or failure of the housefly to respond to stimuli was 
recorded as either dead or alive.

Fumigant toxicity assay
Five active adult houseflies were collected from insect 
wooden boxes and placed into a plastic container. The lid 
of the container was removed in a circular manner and 
fitted with mosquito netting to facilitate the exchange 
of oxygen within and outside the container. One gram 
of cotton wool was saturated with 10 mL of the various 
concentrations (5, 10, 40, and 100% v/v), which were sub-
sequently placed into each designated plastic container 
(Alao et al. 2025). The subjects were assessed for viability 
by applying an external stimulus to the tested insect via 
a spatula. The response of the houseflies to stimuli was 
documented as either dead or alive.

Feeding toxicity detection
The cow meat, which weighed 0.5 g, was soaked in each 
treatment separately and allowed to stand for 5 min. The 
treated meat was introduced into plastic containers. The 
tested houseflies were checked for survival or death via 
an external stimulus to the larvae through a spatula. The 
failure or failure of the houseflies to respond to stimuli 
was recorded as either dead or alive (Alao et al. 2025).

Data collection and statistical analysis
The percentage mortality of dead houseflies was esti-
mated via the formula described by Babarinde et  al. 
(2018).

However, percentage mortalities were subjected to 
analysis of variance (ANOVA), and means were separated 
via least significant difference (LSD) at 5% probability via 
the statistical analysis system (SAS) 2002 V.2.0.
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