


Larvicidal potency of essential oils of Ocimum suave against Anopheles gambiae mosquitoes in Delta State

ABSTRACT
This study was carried out to determine the larvicidal potency of Ocimum suave against Anopheles gambiae mosquitoes in Delta State, Nigeria. Mosquitoes were collected in the early hours of the morning from breeding sites across Aniocha North and South LGAs. Puddles, gutters, and stagnant water were inspected for immature stages, which were collected using dippers. The immature stages were allowed to acclimatize in the insectary under controlled conditions until they developed into fourth-instar larvae. The experiment adopted a completely randomized design (CRD) with three replicates. Larval mortality was recorded, and lethal times for 50% and 95% of the larvae were determined. Key findings revealed that larval mortality increased significantly with both concentration and exposure time. All concentrations (5–100 ppm) produced complete larval mortality within 24 hours. The 100% PPM concentration caused the highest mortality between 40 and 60 minutes (p < 0.0001). Lethal time (LT₅₀) values ranged between 52.6 and 65.2 minutes, while LT₉₅ values ranged between 100.0 and 123.9 minutes. GC–MS analysis showed that linoleic acid (24.9%) was the most abundant compound, while stigmasterol exhibited the highest retention time (37.5 minutes). Conclusively, the essential oil of O. suave demonstrates strong larvicidal activity and has potential for use as a plant based larvicide against Anopheles gambiae. These findings highlight its promise for incorporation into larval source management programs aimed at reducing vector emergence and abundance. Future studies are required to evaluate its field performance under natural environmental conditions.
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INTRODUCTION
    Mosquito borne diseases (MBDs) continue to pose significant public health threats globally, affecting billions of people each year. According to the World Health Organization (WHO), nearly half of the global population is at risk of dengue fever, with an estimated 100 to 400 million infections annually (WHO, 2024). The incidence of dengue increased dramatically from 505,430 reported cases in 2000 to over 5.2 million cases in 2019, and peaked again in 2023, affecting more than 80 countries (WHO, 2024). Malaria remains another major global disease, with over 240 million cases reported across 85 endemic countries (WHO, 2023). Nigeria alone accounts for nearly 27% of the global malaria burden, making it one of the most heavily affected nations (WHO, 2023).  Many other diseases transmitted by mosquitoes include lymphatic filariasis (caused by the parasite Wuchereria bancrofti) and many arboviral diseases. Lymphatic filariasis (LF) is a neglected tropical disease transmitted by mosquitoes. The risk of lymphatic filariasis in Nigeria is estimated in 114 million persons. LF is endemic in North and Central Nigeria following the report by the Nigerian Lymphatic Filariasis Elimination Programme (NLFEP). The prevalence of LF in other regions of Nigeria may be high due to lack of information on the disease in the country. In Africa, LF is endemic in 34 countries, and Nigeria being the country with the highest burden, with estimated risk in 80 to 120 million people.  

Vector control strategies continue to rely heavily on conventional insecticides including pyrethroids, organochlorines, organophosphates, and carbamates. These chemicals are incorporated into insecticide-treated nets (ITNs) and are widely used in indoor residual spraying (IRS). These tools contribute significantly to target the upsurge in the incidence of mosquito-borne diseases especially malaria. The strategic plan for control of malaria designed by National Malaria Elimination Programme 2021–2025 seeks to scale up use of new insecticide bed nets in 2022 with the mindset of inhibiting the increase in insecticide resistance. The focus for introducing the new ITNs is to readdress pyrethroid resistance in Nigeria (WHO, 2019). Alphacypermethrin is the major component of the new net and was co-opted following that the combination of two insecticides will be effective against mosquitoes resistant to pyrethroid and the effectiveness of Alphacypermethrin in previous surveillance (PMI 2019). Insecticide-treated nets (ITNs) is broadly used for their simplicity and use for prevention of mosquito bites. The use of ITNs show a decline in malaria cases in estimated 68% of the 663 million persons affected between 2000 and 2015. In sub-Saharan Africa, over 600 million USD of the 900 million USD saved due to declining malaria is saved from the use of ITN. The decline in mortality due to malaria in the past fifteen years has contributed to 1.2 years increase in life expectancy. In addition to the use of ITNs and to increase life expectancy, some of insecticides are sprayed by households to kill mosquitoes (Enwemiwe et al., 2025). Global scale up of the use of long-lasting insecticides nets (LLINS) and indoor residual spraying as well as addressing the knowledge and attitude of persons in endemic area is key to successful intervention (WHO, 2019; Enwemiwe et al., 2025a). 
However, the use of synthetic insecticides in mosquito control is faced by widespread development of resistance, persistent bio-accumulation and effect on non-target species (Merdya et al.,2022). Studies have reported resistance of Anopheles mosquitoes to virtually all insecticide classes recommended for IRS and ITNS including organophosphate, organochlorate and cabarmate (Yareed et al.,2020; Ojianwuna et al., 2022). The prevailing insecticide resistance necessitates an urgent need for alternative intervention that is economical, effective and less toxic to non- target organisms and the environment. Considering this, different forms of botanicals including essential oils, bio-ashes, dusts or powders are being tried as potent alternative for incorporation in mosquito control programme (Ojianwuna et al.,2024). Pyrethrum (Chrysanthemum species) is a typical plant extracted for its insecticidal properties targeting several insects (Ephantus et al., 2020). The flowers of this plant are endowed with active compounds (pyrethrins) which are extracted to benefit insect pest and vector management. The neem plant (Azadirachta indica) is another promising plant that has been tried on insect pests. Many other bio-insecticidal plants produce essential oils which elicit a variety of biological activities against insects including mosquitoes, and have become one of the mainstreams in biopesticide research (Ephantus et al., 2020). Essential oils have complex mixtures of terpenoids that not only target multiple sites, but also have multiple modes of action. Plant-based intervention have low mammalian toxicity and shorter environmental persistence (Tak et al.,2017). 
Essential oils act to kill insects by serving as poisons to the nervous system, disrupting the functionality of respiratory system, and interfering with insect growth, reproduction and metamorphosis (Ephantus et al.,2020). Secondary metabolites from essential oils of plants can serve as a strong odour when applied as a thin layer above water surface that kill mosquitoes (Tarunal et al.,2019). Essential oils of several plants such as neem oil, lemon grass, milk weed and ageratum produced 100% larval mortality against Aedes aegypti (Samuel et al.,2021; Annu and Yadar 2023). A similar study by Ojianwuna et al. (2022) revealed the effectiveness of Sesamum radiatum and Psoralea corylitolia exhibit significant mortality against mosquitoes. Another study confirmed the efficacy of some plants used as potent source of mosquito control including Annona squaamosa, Gilorisa superba, Millington is Hortensia, Azadirichta indica, Hypitis saveolis. (Egya et al., 2023).Insecticide action in insects is traceable to expression of enzymes such as cytochrome P450s (CYP450s), Glutathione S-transferases (GSTs), and carboxylesterases (Scalerandi et al., 2018; Norris et al., 2018; Zehetner et al.,2019). There is a little knowledge on the efficacy of Ocimum suave on insects. A study by Ojianwuna and Umoru, (2011) and Ojianwuna et al. (2011) has reported the efficacy of O. suave on weevil of stored product. There are no studies on their efficacy on mosquito larvae in parts per millions. This study determined the larvicidal potency of O. suave against An. gambiae mosquitoes in Delta State. Successful interventions against mosquitoes must incorporate bioactive forms of plants in vector strategies.
Materials and Methods
Study Area
The experiment was conducted in the Insectary of the Department of Animal and Environmental Biology, Delta State University, Abraka, Nigeria. The insectary was maintained under standard laboratory conditions with a temperature of 28 ± 2°C, relative humidity of 80 ± 5%, and a 12:12 hour light–dark photoperiod. 
Materials
The following materials, chemicals, and reagents were used in this study:
Hexane used for Soxhlet extraction of O. suave oil, Extra virgin olive oil used as diluent for preparing treatment concentrations, Distilled water  used for larval assays, Ethanol (70%) for disinfecting equipment, Essential oil of O. suave extracted from dried leaves, Soxhlet extractor, Rotary evaporator, Analytical balance, Glass beakers (100 mL, 250 mL), Pipettes (1 mL, 5 mL, 10 mL), Disposable plastic cups, Muslin cloth, Mortar and pestle / grinder, GC–MS apparatus, Dippers and ladles for larval collection and Transparent Buckets for transporting Larvae.
Mosquito collection 
Mosquito larvae and pupae were collected from natural breeding habitats in Aniocha South and Aniocha North Local Government Areas of Delta State, Nigeria. Potential breeding sites including puddles, gutters, stagnant pools, and temporary water bodies were surveyed early in the morning. Immature mosquitoes were collected using standard dippers, scooping spoons, and ladles, then transferred into clean plastic containers. Samples were transported to the insectary and sorted based on larval instars (L1–L4) using morphological characteristics and body size.  To ensure uniform physiological conditions before the bioassay, all larvae were: Transferred into clean plastic containers containing distilled water, Held for 24 hours at insectary conditions (28 ± 2°C; RH 80 ± 5%), Not fed during acclimatization to prevent nutritional bias and Observed to ensure no unhealthy or moribund larvae were included in the experiment. Only active fourth instar larvae (L4) were used for larvicidal tests.
Plant source and preparation
Fresh leaves of wild basil (Ocimum suave) were sourced from communities in Aniocha South and Aniocha North LGAs, Delta State. Leaves were washed to remove debris and air dried at room temperature for 7–10 days, protected from direct sunlight to prevent degradation of active phytochemicals. The dried leaves were ground into fine powder using a clean grinder. The powdered O. suave leaves were soaked in hexane and subjected to Soxhlet extraction, following the procedure described by Enwemiwe et al. (2021). The oil used in this study is hexane-extracted essential oil.
Experimental design
The experiment was a complete randomized design (CRD) replicated into three in order to minimizes bias. The essential oil was first formulated into concentrations using extra virgin olive oil as diluent. Ten (10) ml of olive oil was used as diluent for 0.5 ml, 2.5ml, 7.5ml and 10ml of O. suave essential oil respectively. This corresponded to 0.05%, 0.25%, 0.75%, 1% of the treatment. From each concentration, 1 mL of the formulated mixture was introduced into 10,000 mL (10 L) of distilled water to obtain: 5, 25, 75 and 100 parts per million.  Twenty (20) healthy fourth instar larvae were introduced into each container. Larvae were exposed to the treatments without feeding and Mortality was recorded at 10, 20, 30, 40, 50, and 60 minutes, and again at 24 hours. The larvae that were unable to rise or move when probed were recorded as dead. The Control groups contained only olive oil + distilled water.
Data analysis
Data were entered and processed using Microsoft Excel Spreadsheet version 2013. Result was presented using tables and figures. One-way analysis of variance (ANOVA) test was used to test for significance at p= 0.05. Dose–response relationships adopting lethal time for 50% and 95% was computed using probit regression analysis. Results were presented using tables, charts, and probit output.
Results 
Larvicidal potency of O. suave
[bookmark: _Hlk210293076]Larval mortality of Anopheles gambiae increased progressively with exposure time and concentration of O. suave essential oil. Across all concentrations (5–100 ppm), mortality consistently rose from 10 minutes through 60 minutes and reached 100% at 24 hours of exposure. A significant difference was observed among concentrations (F = 3.078; p = 0.05), indicating a dose-dependent response. Mortality also varied significantly with time (p < 0.05), showing that both variables contributed to larvicidal activity.
Figure 1 illustrates the mortality trend across the four concentrations. The 100 ppm concentration consistently produced the highest mortality within the shortest time, with marked increases between 40 and 60 minutes.



Figure 1. Larvicidal efficacy of wild basil (O. suave)in different concentrations. (F= 273.57; p<0.0001). Legend: PPM is part per million. 

Probit analysis model of larvicide
The probit model analysis of An. gambiae larvae exposed to different concentrations of wild basil (O. suave) is shown in Table 1. The knockdown resistant time (KDT) for 50% of the mosquito population and 95% was high. KDT for 50% of wild basil oil was between 52.6 minutes and 65.2 minutes. Likewise, KDT95 of mosquitoes was between 100.0 minutes and 123.9 minutes.   
Table 1 Probit model analysis of An. gambiae larvae exposed to different concentrations of wild basil (O. suave). 
	Conc. (%)
	Regression equation
	Pearson χ2 goodness of fit (p-value)
	KDT50
	KDT95

	0.05
	7.36-6.29x
	6.50 (0.0013)
	52.6
	100.0

	0.25
	8.43-12.86x
	7.84 (0.001)
	62.5
	118.8

	0.75
	8.29-12.00x
	10.66 (0.0001)
	65.2
	123.9

	1.00
	9.86-12.57x
	11.11 (0.0001)
	57.7
	109.6







Chemical analysis of wild basil (O. suave)
The chemical constituent of wild basil O. suave essential oil is shown in Table 2. Linoleic acid (9,12-Octadecadienoic acid (Z,Z)-) was the compound with the highest area % (24.9%). This was closely followed by Linoelaidic acid (14.7%). Stigmasterol is 4.54% in area. Stigmasterol had the highest retention time (37.5 minutes) and this was closely followed by 1-Phenanthrenemethanol, 1,2,3,4,4a,9,10,10a-octahydro-1,4a-dimethyl-7-(1-methylethyl)-, [1R (1.alpha.,4a.beta.,10a.alpha.)]- (37.4). (4aS,10aS)-7-Isopropyl-1,1,4a-trimethyl 1,2,3,4,4a,5,6,9,10,10a-decahydrophenanthrene had the lowest area (0.27%). 
Table 2. Chemical constituent of wild basil O. suave essential oil
	Molecular formula
	Chemical name (synonym)
	Area (%)
	RT
	Nature of compound

	C5H9NO
	3-Methyl-2-pyrrolidinone
	1.25
	10.45
	N-alkylpyrrolidines

	C15 H24
	Bicyclo[5.2.0]nonane, 2-methylene-4,8,8-trimethyl-4-vinyl-
	0.70
	17.09
	Persicaria hydropiperoides

	C16H28
	4-Hexadecen-6-yne, (E)-
	0.47
	21.11
	Hexadecen-6-yne

	C14H28O2
	Dodecanoic acid, ethyl ester
	1.50
	21.24
	Lauric acid

	C13H26O2
	Undecanoic acid, ethyl ester
	0.92
	25.85
	Ethyl fatty acid ester

	C9H14O
	2-Hydroxy-3,5,5-trimethyl-cyclohex-2-enone
	0.38
	28.82
	2-Hydroxyisophorone

	C16H32O
	n-Hexadecanoic acid
	3.67
	29.39
	saturated long-chain fatty acid

	C18H36O
	Hexadecanoic acid, ethyl ester
	0.74
	30.06
	long-chain fatty acid ethyl ester

	C12H32
	(4aS,10aS)-7-Isopropyl-1,1,4a-trimethyl-1,2,3,4,4a,5,6,9,10,10a-decahydrophenanthrene
	0.27
	30.82
	decahydrophenanthrene

	C20H30
	Phenanthrene, 1,2,3,4,4a,9,10,10a-octahydro-1,1,4a-trimethyl-7-(1-methylethyl)-, (4aS-trans)-
	0.95
	31.65
	Dehydroabietane

	CH₃C₆H₁₀CH₂OH 
	Cyclohexaneethanol, 4-methyl-.beta.-methylene-, trans-
	0.51
	32.19
	Alicyclic primary alcohol

	C18H32O2
	Linoelaidic acid
	14.68
	32.90
	omega-6 trans fatty acid

	C18H32O2
	9,12-Octadecadienoic acid (Z,Z)-
	24.85
	32.98
	linoleic acid

	C18H32O2
	9,12-Octadecadienoic acid (Z,Z)-
	4.45
	33.36
	linoleic acid

	C14H26O
	9-Tetradecenal, (Z)-
	4.51
	33.46
	fatty aldehyde 

	C18H34O2
	octadec-9-enoic acid
	4.03
	33.71
	monounsaturated omega-9 fatty acid

	C8H14O
	9-Oxabicyclo[6.1.0]nonane
	3.47
	33.93
	Epoxycyclooctane

	C10H18O2
	2,6-Octadiene-1,8-diol, 2,6-dimethyl-
	3.70
	34.22
	8-hydroxygeraniol

	C19H36O
	2-Methyl-Z,Z-3,13-octadecadienol
	0.49
	36.24
	 Unsaturated alcohol

	C17H32O
	10-Methyl-E-11-tridece-1-ol acetate
	1.18
	36.41
	carboxylic ester

	C20H30O
	1-Phenanthrenemethanol, 1,2,3,4,4a,5,6,9,10,10a-decahydro-1,4a-dimethyl-7-(1-methylethyl)-, [1R-(1.alpha.,4a.beta.,10a.alpha.)]-
	2.89
	36.58
	tricyclic aromatic hydrocarbon

	C20H30O
	1-Phenanthrenemethanol, 1,2,3,4,4a,9,10,10a-octahydro-1,4a-dimethyl-7-(1-methylethyl)-, [1R-(1.alpha.,4a.beta.,10a.alpha.)]-
	4.68
	37.39
	tricyclic aromatic hydrocarbon

	C29H48O
	Stigmasterol
	4.54
	37.51
	unsaturated phytosterol



Discussion 
[bookmark: _Hlk208423211]Larviciding is an integral aspect of vector control intervention. The search for potent substance with proven insecticidal property is ongoing. This study assessed the larvicidal efficacy of O. suave on Anopheles gambiae mosquitoes. Anophelesgambiae larvae exposed to essential oil of Ocimum suave (wild basil) show a mortality pattern that is dependent on both concentration and time. All concentrations of the treatment caused highest larvicidal effect after 24 hours of exposure, and mortality rose with both exposure time. The mortality pattern observed in this study was supported by the study of Mahenge et al. (2024). The finding of this study is consistent with other previous study, although botanical insecticides have a slower rate of action than synthetic larvicides, their cumulative effectiveness is maintained because of the slow absorption of phytochemicals through the cuticles of larvae (Ong’Wen et al., 2020). A dose-response relationship is further confirmed by the significant difference in larval mortality with time and concentrations, which is in line with findings from studies of other native plants like Azadirachta indica and Cymbopogon citratus (Abdulai et al., 2024).
[bookmark: _Hlk208419137]According to the findings, substances found in O. suave, such as methyl chavicol, linalool, and eugenol, alter larval neurophysiology, impede respiratory function, and eventually result in mortality (Ibrahim et al., 2022). Though it might be very relevant for long-term larval source management, the delayed action in comparison to synthetic larvicides like temephos suggests limited appropriateness for immediate vector control. Crucially, plant-based larvicides, such as O. suave, are useful in ecologically sensitive places since they are environmentally safe, biodegradable, and less likely to leave chemical residues in aquatic ecosystems (Kweka et al., 2011). The results suggest that O. suave can be a useful supplemental intervention from the standpoint of vector management, especially in rural areas like Aniocha South where chemical larvicide resistance has been documented and larval rearing sites are prevalent. Its effectiveness over extended exposure times and at greater concentrations points to possible incorporation into community-based larval control initiatives (Olukayodeet al., 2019). Overall, O. suave provides a sustainable, environmentally benign alternative to fast-acting pesticides in integrated vector management systems, even though it cannot completely replace them (Ojianwuna et al., 2021).
Important information about the larvicidal effectiveness of Ocimum suave (wild basil) oil is provided by the probit analysis of An. gambiae larvae exposed to varying doses of the oil. When compared to its adulticidal activity, the oil's knockdown timings (KDT50 between 52.6 and 65.2 minutes and KDT95 between 100.0 and 123.9 minutes) show that it has a comparatively quick toxic impact. Because of their increased cuticle permeability and ongoing exposure to treated aquatic environments, it appears that O. suave larval stages are more vulnerable to bioactive chemicals (Adetoro et al., 2022).
O. suave's effectiveness as a larvicide is demonstrated by the comparatively low KDT values, which support previous research showing that essential oils containing linalool and eugenol impair larval neuromuscular coordination and respiratory activity (Ibrahim et al., 2022). O. suave acts more slowly than synthetic larvicides like temephos, but it has the advantages of being environmentally benign, biodegradable, and less likely to cause cross-resistance (Kweka et al., 2011). Its appropriateness for long-term larval source management is confirmed by the dose-dependent knockdown trend, particularly in regions where resistance to traditional larvicides is growing (Ojianwuna et al., 2021). 
According to these findings, O. suave oil may be a useful adjunct to integrated vector management (IVM) from a public health standpoint, especially in areas with a high density of larval habitats like Aniocha South. The use of wild basil oil could dramatically lower vector population density by focusing on larvae prior to adult emergence, reducing the risk of malaria transmission and promoting sustainable vector control methods.  
Conclusion 
[bookmark: _Hlk210293141][bookmark: _Hlk210293193]Essential oil of O. suave revealed strong larvicidal activity against An. gambiae. The efficacy shown by the mortality rates, rose proportionately with concentration and exposure duration, peaking after 24 hours. This result demonstrates essential oil of O. suave potential as an eco-friendly, promising substitute in integrated vector management tactics against malaria vectors. It is advised that O. suave essential oil be further developed as a natural larvicide for mosquito control programs in light of the findings. Field trials had to be carried out to validate this larvicidal efficacy under actual environmental circumstances. 
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