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Abstract

This study evaluated the larvicidal efficacy of four plant-derived oils; Neem (Azadirachta indica), Clove
(Syzygium aromaticum), Garlic (Allium sativum), and Olive (Olea europaea) against Anopheles
mosquito larvae in Dutse, Jigawa State, Nigeria. The study aimed to assess the potential of these plant-
derived oils as eco-friendly alternatives to synthetic insecticides for malaria vector control. Larvicidal
bioassays were conducted following World Health Organization (WHO) guidelines, and lethal
concentrations (LCso and LCo) were determined using probit analysis. Results revealed significant
variations in efficacy among the oils, with Neem oil emerging as the most effective, exhibiting an LCso
of 0.001 mg/L and an LCe of 0.01 mg/L. Clove oil also demonstrated high efficacy, with an LCso of
0.058 mg/L and an LCo of 0.260 mg/L, while Garlic oil showed moderate activity (LCso = 0.105 mg/L,
LCo= 0.550 mg/L). Olive oil required higher concentrations to achieve comparable mortality (LCso =
0.284 mg/L, LCo = 0.899 mg/L). Statistical analysis using one-way ANOVA and Tukey’s HSD test
revealed no significant differences in efficacy among the oils (p > 0.05). Time-mortality trends indicated
that all oils achieved near-complete mortality by 72 hours, with Neem and Clove oils acting most
rapidly. The study highlighted the potential of plant-based oils as sustainable and effective larvicides.
The multi-target action of bioactive compounds in these oils, such as azadirachtin in Neem and eugenol
in Clove, ensures their efficacy even against resistant mosquito populations. Further research is
recommended to explore field efficacy, formulation, and non-target impacts for large-scale deployment.
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Vector-borne diseases continue to pose a major threat to global public health, particularly in
tropical and subtropical regions where environmental conditions favor the proliferation of
disease-carrying insects (Yadav and Upadhyay, 2023). Malaria, transmitted primarily by
Anopheles mosquitoes, stands out as one of the most devastating of these diseases, especially
in sub-Saharan Africa. In Nigeria, malaria remains a leading cause of illness and death,
disproportionately affecting vulnerable groups such as children under five and pregnant
women (Muhammad et al., 2017). Despite ongoing efforts to combat the disease, its persistence
emphasized the need for innovative and sustainable approaches to vector management.

Conventional mosquito control strategies have heavily relied on synthetic insecticides, which
have played a crucial role in reducing malaria transmission over the years (Weng et al., 2024).
However, the overuse of these chemicals has led to significant challenges, including the
development of insecticide resistance in mosquito populations, environmental pollution, and
unintended harm to non-target organisms, including humans. Moreover, the high costs
associated with these chemical-based interventions make them impractical for long-term use
in resource-limited settings (Degroote et al., 2018). These drawbacks have spurred interest in
alternative methods that are both environmentally friendly and economically viable.

In recent years, plant-derived insecticides have gained attention as a sustainable alternative
to synthetic chemicals. Plant-derived oils, extracted from aromatic plants, are particularly
promising due to their complex chemical compositions, which include bioactive compounds
such as terpenes, phenols, and aldehydes (Dias and Moraes, 2014). These compounds exhibit
multiple mechanisms of action against mosquito larvae, disrupting their development and
survival without posing significant risks to human health or the environment (Rezende-
Teixeira et al., 2022). As a result, plant-derived oils have emerged as a viable option for
integrated vector management programs.

Several plant species have demonstrated significant potential for controlling Anopheles
mosquitoes. For example, neem (Azadirachta indica) contains azadirachtin, a compound
known for its larvicidal and growth-inhibiting properties (Su et al., 2023). Similarly, garlic
(Allium sativum), rich in sulfur-based compounds like allicin, has shown strong insecticidal
activity against mosquito larvae (Miekus et al., 2020). Clove (Syzygium aromaticum), which is
high in eugenol, has also been widely studied for its effectiveness in killing mosquito larvae
(Ishak et al., 2022). These plants are not only abundant in Nigeria but are also culturally
accepted, making them suitable for local vector control initiatives.

Despite the growing body of research on plant-derived oils, there are still gaps in our
understanding of their efficacy, particularly in real-world settings. Comparative studies
evaluating the larvicidal activity of different plant-derived oils under standardized conditions
are limited, especially for Anopheles, the primary malaria vector in Nigeria. Additionally, the
ecological and environmental factors that influence the effectiveness of these oils in field
conditions remain underexplored.

Jigawa State, located in northwestern Nigeria, provides a unique context for studying
mosquito control strategies. Dutse, the state capital, is characterized by a combination of urban
and peri-urban areas, where poorly maintained drainage systems and stagnant water bodies
create ideal breeding grounds for Anopheles mosquitoes. Seasonal rainfall further exacerbates
the problem, leading to increased mosquito populations and higher malaria transmission
rates. Addressing this issue requires tailored solutions that are both effective and sustainable.
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This study aimed to evaluate the larvicidal efficacy of plant-derived oils derived from neem,
garlic, and clove against Anopheles larvae in Dutse, Jigawa State.

MATERIALS AND METHODS

Study Area

The study was conducted in Dutse (11°42'8.46"N, 9°20'2.46"E), the capital of Jigawa State,
Nigeria, a region with vegetation covered by Sudan/Sahelian savanna zone and characterized
by a tropical climate with distinct wet and dry seasons (Hamza et al., 2024; Saadatu et al., 2024).
During the rainy season, the prevalence of stagnant water sources such as ponds, ditches, and
artificial containers provides optimal breeding habitats for mosquitoes. These conditions
make Dutse an ideal setting for investigating mosquito ecology and evaluating control
strategies (Abubakar et al., 2025).

Mosquito Larvae Collection and Identification

Mosquito larvae were collected from natural and artificial breeding habitats, including
stagnant ponds, ditches, and water-holding containers, in three areas of Dutse: Limawa
(11°44'51.0"N, 9°20224"E), Jigawar Tsada (11°41'38.0"N, 9°19'12.1"E), and Yalwawa
(11°41'555.3"N, 9°21'26.3"E). A standard dipper with a 300 mL capacity and a 9 cm diameter
was utilized for larval collection. The larvae were carefully transferred to the Insectary of the
Department of Animal and Environmental Biology, Federal University Dutse, in plastic
containers containing water from their original habitats to reduce stress. Larvae were
identified to genus level using morphological keys based on established criteria WHO (2020).
Only late third and early fourth instar larvae of Anopheles species were selected for the study
(Abubakar et al., 2025).

The collected larvae were reared in the Insectary under controlled environmental conditions
in accordance of the study by Abubakar et al. (2025) in which the Larvae were fed with a
mixture of finely ground Cabin Biscuit and yeast powder in a 3:1 ratio by weight. They were
maintained until they reached the third instar stage, which was used for the larvicidal
bioassays.

Selection and Processing of Plant-derived Oils

Four plant-derived oils; Neem (Azadirachta indica), Garlic (Allium sativum), Olive (Olea
europaea), and Clove (Syzygium aromaticum) were used in this study. These oils, of the El-
Hawag brand, were procured from certified suppliers. Stock solutions of each oil were
prepared by dissolving 1 mL of the oil in 100 mL of distilled water, with 2 mL of acetone
added as an emulsifying agent. Serial dilutions were then prepared to achieve the desired
concentrations (0.5%, 1.0%, 2.0%, and 3.0%). A control solution, consisting of distilled water
and acetone without plant-derived oil, was also prepared for comparison.

Larvicidal Testing
The larvicidal efficacy of the plant-derived oils was evaluated following World Health
Organization (WHO, 2005) guidelines with minor modifications. For each oil and
concentration:
I.  Twenty-five third instar Anopheles larvae were introduced into 500 mL glass beakers
containing 250 mL of the test solution.
I.  Four replicates were prepared for each concentration, along with a control group.
III.  The beakers were maintained at room temperature (26 + 2°C) under laboratory
conditions.
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IV.  Larval mortality was recorded at 6, 12, 24, 48, and 72 hours. Larvae were considered
dead if they were immobile and unable to reach the water surface for respiration.

Data Analysis
The percentage mortality was calculated using Abbott’s formula to correct for natural
mortality observed in the control group:

. Observed Mortality (%)—Control Mortality (%
Corrected Mortality (%)=
ty ( A)) 100—Control Mortality (%)

0,100

Lethal concentrations (LCso and LCo) were determined using probit analysis to estimate the
concentrations required to kill 50% and 90% of the larvae, respectively. Dose-response
relationships were modeled using a log-logistic function, and confidence intervals were
calculated to assess the precision of the estimates.

One-way ANOVA was used to evaluate significant differences in larvicidal efficacy among
the tested oils. The analysis revealed significant differences in mortality rates (F = 46.52, p <
0.001), indicating variability in effectiveness across oil types. Post-hoc comparisons were
conducted using Tukey’s Honest Significant Difference (HSD) test to identify pairwise
differences among treatments.

For a more comprehensive analysis, a three-way ANOVA was performed to examine the
effects of oil type, mosquito species, and oil concentration, along with their interactions, on
larvicidal efficacy. While the main effect of oil type was significant (p = 0.0501), other factors
and interactions did not yield significant results.

All statistical analyses were conducted using R statistical software (version 4.3.1). Probit and
dose-response modeling were performed using the “drc” package, while ANOVA and Tukey’s
test were executed using the ‘stats” package. Graphical visualizations, including dose-
response curves and time-mortality trends, were created using the “ggplot2" package.

RESULTS

The larvicidal efficacy of four plant-derived oils; Clove, Garlic, Neem, and Olive was
evaluated against Anopheles larvae in Dutse, Jigawa State, Nigeria. Mortality increased with
higher concentrations of oils and longer exposure times. The percentage mortality of
Anopheles larvae increased with higher concentrations of plant-derived oils and longer
exposure times. At the lowest concentration (0.5%), Clove oil demonstrated the highest
mortality rate (68%) after 72 hours, followed by Garlic oil (60%), Neem oil (58%), and Olive
oil (50%). At the highest concentration (3.0%), all oils achieved 100% mortality after 72 hours.
No mortality was recorded in the control group throughout the 72 hour experimental period.

Lethal Concentrations (LCspand LCy)

Probit analysis was used to determine the lethal concentrations required to kill 50% (LCso) and
90% (LCo0) of the larvae. Neem oil required very low concentrations (LCso = 0.001%) to achieve
50% mortality, indicating high efficacy. Clove oil required a significantly higher concentration
(LCso=0.058%) to achieve the same effect, suggesting that higher concentrations are required
to achieve comparable mortality. Olive and Garlic oils were found to have higher values
indicating that the oils are effective but requires slightly higher concentrations than Neem and
Clove oils. The results are summarized in Table 1.
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Table 1: Lethal Concentrations (LCso and LCo) of Plant-derived Oils against Anopheles
Larvae

Oil LCs (mg/L) LCo (mg/L)
Neem 0.001 0.01

Olive 0.284 0.899

Clove 0.058 0.260

Garlic 0.105 0.550

Dose-Response and Time-Mortality Trends

The dose-response relationship between oil concentration and larval mortality is illustrated
in Figure 1. Clove, Garlic, and Neem oils exhibited steep dose-response curves, indicating
high efficacy even at low concentrations. In contrast, Olive oil showed a less steep curve,
suggesting lower efficacy.
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Figure 1: Dose-Response Curve for Plant-derived Oils against Anopheles Larvae

The time-mortality trends, shown in Figure 2, showed how mortality rates change over time
for each oil. Clove, Garlic, and Neem oils achieved 100% mortality by 72 hours at higher

concentrations, while Olive oil required the highest concentration (3.0%) to achieve the same
effect.
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Figure 2: Time-Mortality Trends for Plant-derived Oils against Anopheles Larvae

Statistical Comparisons

One-way ANOVA revealed no significant differences in larvicidal efficacy among the oils (all
p > 0.05). Post-hoc comparisons using Tukey’s HSD test confirmed that the efficacy of Clove,
Garlic, Neem, and Olive oils did not differ significantly under the tested conditions as none
of the pairwise comparisons showed statistically significant differences (Table 2).

Table 2: Pairwise Comparisons of Larvicidal Efficacy Using Tukey’s HSD Test

Comparison Difference (%) Lower CI Upper Cl p-value
Garlic vs Clove 4.80 -27.13 36.73 0.979
Neem vs Clove 3.00 -28.93 34.93 0.995
Olive vs Clove -14.00 -45.93 17.93 0.659
Neem vs Garlic -1.80 -33.73 30.13 0.999
Olive vs Garlic -18.80 -50.73 13.13 0.415
Olive vs Neem -17.00 -48.93 14.93 0.504
DISCUSSION

This study assessed the larvicidal potential of Neem, Clove, Garlic, and Olive oils against
Anopheles mosquito larvae. The results revealed significant variations in mortality rates
across the oils, with Neem and Clove oils emerging as the most effective. These results
emphasized the potential of plant-derived plant-derived oils as sustainable alternatives to
synthetic insecticides, particularly in regions like Dutse, where malaria control efforts are
crucial. Neem oil exhibited the highest larvicidal activity, with LCsp and LCoo values of 0.001
mg/L and 0.01 mg/L, respectively. This exceptional efficacy can be attributed to its bioactive
compound, azadirachtin, known for its multi-target action, including larval growth inhibition,
feeding disruption, and respiratory interference (Huang et al., 2022). The results aligned with
studies by Chatterjee et al. (2023) and Prakash et al. (2022), which highlighted Neem oil's
versatility in mosquito control. Its efficacy indicated its potential as a core component of
malaria vector management strategies in malaria-endemic regions like Dutse, Northwestern
Nigeria.
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Clove oil also demonstrated high larvicidal efficacy, with LCso and LCy values of 0.058 mg/L
and 0.260 mg/L, respectively. These values compare favorably with findings by Elzayyat et
al. (2018), who reported a LCsp of 0.108 % and 0.014% after 24 h and 48 h, respectively, in adults
and larvae of Culex pipiens and Medeiros et al. (2013), who reported a LCso value of 6.4 mg/mL
for Aedes aegypti larvae. The significantly lower LCsy observed here indicates enhanced
efficacy under the tested conditions, likely due to the presence of eugenol, a potent bioactive
compound that disrupts larval physiology and metabolism. Clove oil's rapid and consistent
mortality makes it an ideal candidate for malaria control interventions. Garlic oil showed
moderate larvicidal activity, with LCsp and LCo values of 0.105 mg/L and 0.550 mg/L,
respectively. While less potent than Neem and Clove oils, Garlic oil's efficacy aligned with its
broad-spectrum insecticidal properties, attributed to sulfur-containing compounds such as
allicin (Sharma and Sharma, 2024). This supported its potential as a complementary tool in
malaria vector management, especially in areas requiring multi-modal interventions. Olive
oil demonstrated the lowest larvicidal efficacy, with LCso and LCy values of 0.284 mg/L and
0.899 mg/L, respectively. Despite its lower effectiveness, Olive oil's activity suggested it could
be used as part of integrated pest management programs, particularly when paired with more
potent oils like Neem and Clove (Seni, 2023).

The study highlighted a strong time-dependent mortality trend, with significant increases in
mortality observed between 24 and 48 hours across all oils. By 72 hours, near-complete
mortality (= 96%) was achieved, with Neem and Clove oils demonstrating the most rapid
effects. This trend corroborates findings from Elzayyat et al. (2018), Piplani et al. (2019) and
Hayat et al. (2015), who reported accelerated larvicidal effects within similar timeframes.
Rapid mortality is critical in high-risk malaria zones like Dutse, where swift reductions in
mosquito populations can significantly curb disease transmission. Plant-based plant-derived
oils offered several advantages over synthetic insecticides. Their multi-target action,
biodegradability, and reduced risk of resistance development make them ideal candidates for
sustainable vector control. Compounds such as azadirachtin and eugenol not only target
larval stages but also exhibit repellent and growth-inhibitory properties (Ukoroije and Otayor,
2020), enhancing their utility in integrated malaria management. Additionally, their
environmental safety and social acceptability are particularly relevant in communities reliant
on eco-friendly interventions. Compared to synthetic larvicides like temephos (LC50 = 0.015
mg/L; (Komalamisra et al., 2005), Neem and Clove oils demonstrated comparable efficacy at
slightly higher concentrations. The classification criteria by Komalamisra et al., (2005)
categorize both oils as "highly active" (LC50 < 50 pg/mL), further supporting their suitability
for large-scale deployment in malaria control programs. The high efficacy of Neem and Clove
oils against Anopheles larvae makes them valuable tools for malaria control in Dutse and
similar settings. Their rapid action and environmentally safe profile provide a promising
alternative to synthetic insecticides, which face growing challenges due to resistance and
regulatory restrictions. The incorporation of these oils into vector control programs could
significantly enhance the sustainability and effectiveness of malaria interventions in Nigeria.

CONCLUSION

This study demonstrated the significant larvicidal potential of four plant-derived oils — Neem,
Clove, Garlic, and Olive —against Anopheles mosquito larvae, a primary vector of malaria.
Among the tested oils, Neem oil emerged as the most effective, with the lowest LCso (0.001
mg/L) and LCy (0.01 mg/L) values, followed by Clove oil (LCso = 0.058 mg/L, LCo= 0.260
mg/L). Garlic oil showed moderate efficacy (LCso = 0.105 mg/L, LCo = 0.550 mg/L), while
Olive oil required higher concentrations to achieve comparable mortality (LCso = 0.284 mg/L,
LCo = 0.899 mg/L). The time-mortality trends revealed that all oils achieved near-complete
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mortality by 72 hours, with Neem and Clove oils acting most rapidly. These findings
highlighted the potential of plant-based plant-derived oils as eco-friendly, sustainable, and
resistance-proof alternatives to synthetic insecticides for malaria vector control. The multi-
target action of bioactive compounds such as azadirachtin in Neem and eugenol in Clove
ensures their efficacy even against resistant mosquito populations, making them valuable
tools for integrated vector management programs.
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