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Introduction 
 

Mosquitoes are among the most important arthropod 

vectors of infectious diseases affecting human 

populations. Their blood-feeding behavior enables the 

spread of protozoan parasites, viruses, and filarial worms, 

making them responsible for diseases such as malaria, 

dengue fever, chikungunya, Zika virus infection, 

Japanese encephalitis, and lymphatic filariasis. These 

illnesses collectively affect millions of people annually, 

particularly in tropical and subtropical regions where 

climatic conditions favor mosquito breeding and survival 

(Ghosh et al., 2012). Their ability to transmit pathogens 

makes prevention of mosquito-human contact an 

important component of vector-control strategies. The 

global burden of mosquito-borne diseases is exacerbated 
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Mosquitoes are important vectors of several infectious diseases, creating a need for 

effective plant-based approaches for personal protection. The present study evaluated the 

phyto-chemical characteristics and mosquito-repellent potential of aqueous leaf extracts of 

Ocimumtenuiflorum and Coleus amboinicus, individually and in combination. Fresh leaves 

were extracted with distilled water at a 1:10 (w/v) ratio and subjected to qualitative 

phytochemical screening. Tulasi extract showed positive reactions for tannins and saponins, 

whereas Karpooravalli extract showed terpenoids, glycosides and flavonoids. The extracts 

were incorporated into a vaseline base and evaluated using a screened-cage assay with 20 

adult mosquitoes for 2 h. Tulasi treatment resulted in 5 deaths, while Karpooravalli resulted 

in 8 deaths. The 1:1 combination produced 10 deaths and was associated with pronounced 

avoidance and reduced landing behaviour. The formulated preparation showed a smooth 

and uniform appearance without visible phase separation during the observation period. 

The findings indicate that O. tenuiflorum and C. amboinicus extracts possess observable 

mosquito-deterrent activity and that their combined formulation warrants further 

investigation using standardized quantitative repellency assays, replicated experiments and 

safety evaluation. 
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by rapid urbanization, poor sanitation, and increasing 

resistance of mosquitoes to conventional insecticides 

(Fradin & Day, 2002). 

 

More than 3,500 species of mosquitoes have been 

identified worldwide, but only a few genera are primarily 

responsible for transmitting pathogens of medical 

importance. The three major genera are Anopheles, 

Aedes, and Culex. 

 

Anopheles mosquitoes are best known for transmitting 

malaria parasites (Plasmodium spp.), which remain a 

major global health burden. They are also implicated in 

the transmission of filarial worms in certain regions. 

Aedesmosquitoes, particularly Aedesaegypti and 

Aedesalbopictus, are vectors of viral diseases such as 

dengue fever, chikungunya, Zika virus infection and 

yellow fever. Their aggressive daytime biting behavior 

and adaptation to urban environments make them highly 

efficient in spreading these infections. Culex mosquitoes, 

including Culexquinquefasciatus, are responsible for 

transmitting Japanese encephalitis virus and lymphatic 

filariasis. They are typically nocturnal feeders and thrive 

in polluted water habitats (Ghosh et al., 2012). Each 

genus exhibits distinct ecological preferences, biting 

patterns, and vector capacities, which influence the 

epidemiology of the diseases they spread. Understanding 

the diversity of mosquito species and their specific roles 

in disease transmission is essential for designing 

effective vector control strategies. Among these, 

Aedesaegypti has emerged as one of the most significant 

vectors in recent decades due to its role in spreading 

multiple arboviral diseases in densely populated urban 

areas (Reinhold et al., 2018; WHO, 2013). 

 

Personal protection through the use of mosquito 

repellents can reduce mosquito landing and biting and 

consequently may contribute to reducing exposure to 

mosquito-borne infections. Chemical repellents, such as 

N,N-diethyl-meta-toluamide (DEET), though widely 

used, often raise concerns regarding toxicity, 

environmental persistence, and resistance development 

(Fradin & Day, 2002; Maia & Moore, 2011). 

Consequently, there is growing interest in plant-based 

repellents, which are considered safer, eco-friendly, and 

sustainable alternatives. Medicinal and aromatic plants 

contain diverse secondary metabolites with biological 

activity. Terpenoids, flavonoids, phenolics, saponins and 

other plant constituents have been investigated for their 

possible roles in mosquito repellency and insecticidal 

activity. 

Plant-based repellents have gained increasing attention as 

eco-friendly substitutes, offering bioactive compounds 

such as terpenoids, flavonoids, and essential oils that 

exhibit deterrent or insecticidal properties. Extracts from 

plants like Ocimumtenuiflorum (Tulasi), 

Coleusamboinicus (Karpooravalli), Cymbopogoncitratus 

(lemongrass), and Azadirachtaindica (neem) have been 

reported to provide significant protection against 

mosquito bites (Maia & Moore, 2011). These natural 

repellents are often preferred for their safety, cultural 

acceptance, and sustainability, particularly in rural and 

resource-limited settings. 

 

The formulation of herbal extracts into topical bases such 

as vaseline or creams enhances theirstabilityand easeof 

application, ensuringprolonged contact and controlled 

releaseofactive compounds. Such approaches not 

onlyreduce reliance on synthetic chemicals but also 

contribute to integrated vector management strategies 

aimed at minimizing disease transmission (Amer & 

Mehlhorn, 2006). 

 

Ocimumtenuiflorum, commonly known as Tulasi, is an 

aromatic medicinal plant traditionally used for several 

therapeutic purposes. Its leaves contain a range of 

secondary metabolites, including tannins, saponins and 

volatile constituents (Sneha et al., 2022).  

 

Coleus amboinicus, commonly known as Karpooravalli, 

is another aromatic medicinal plant characterized by the 

presence of terpenoids, flavonoids and glycosides. The 

strong aromatic nature of these plants makes them 

potential candidates for investigation as botanical 

mosquito-deterrent agents (Savalia et al., 2026). 

 

The effectiveness of plant extracts may be influenced by 

the extraction procedure, chemical composition, and 

concentration and formulation vehicle. Incorporation into 

a topical base can provide a convenient means of 

applying plant-derived materials to exposed surfaces. 

Therefore, the present investigation was undertaken to 

characterize selected phytochemicals in aqueous extracts 

of O. tenuiflorum and C. amboinicus, evaluate their 

mosquito response individually and in a 1:1 combination, 

and prepare a vaseline-based topical formulation. 

 

Given the pressing need for effective and safe mosquito 

control strategies, the present study investigates the 

phytochemical composition of Tulasi and Karpooravalli, 

their incorporation into vaseline-based formulations, and 

their efficacy in repelling mosquitoes under laboratory 
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conditions. This research aims to contribute to the 

development of natural repellents that can reduce disease 

transmission and support public health initiatives. 

 

Materials and Methods 

 

Collection of Plant Materials 
 

Fresh, healthy leaves of Ocimumtenuiflorum and Coleus 

amboinicus were collected from the Avadi region of 

Tamil Nadu, India. Young and mature green leaves 

without visible disease symptoms were selected. The 

samples were collected during the early morning, placed 

separately in labelled sterile bags and transported to the 

laboratory for further processing. 

 

Preparation of Aqueous Extracts 
 

The collected leaves were washed thoroughly with 

distilled water to remove surface contaminants. The 

leaves were then crushed using a sterile mortar and 

pestle. The plant material was soaked in distilled water at 

a ratio of 1:10 (w/v) and maintained at room temperature 

for approximately 24 h. The extracts were initially 

filtered through muslin cloth and subsequently through 

Whatman No. 1 filter paper. The filtrates were collected 

in sterile containers and stored under refrigerated 

conditions until further analysis (Megha Rani et al., 

2016, Ragavendran et al., 2024) 

 

Preliminary phytochemical screening 
 

Qualitative phytochemical tests were performed to 

determine the presence of selected secondary 

metabolites, including tannins, saponins, terpenoids, 

glycosides, flavonoids and phenols (Harborne, 1998; 

Sofowora, 1993). 

 

Tannins were detected by treating the aqueous extract 

with ferric chloride and observing the development of a 

blue-black reaction. Saponins were examined by 

vigorous shaking of the diluted extract and observing 

persistent foam formation. Terpenoids were tested by 

mixing the extract with chloroform followed by 

concentrated sulfuric acid and observing the 

characteristic reddish-brown coloration. Glycosides were 

screened using sodium hydroxide, while flavonoids were 

assessed by the sodium hydroxide-hydrochloric acid 

reaction. Phenols were tested using sulfuric acid followed 

by sodium hydroxide. 

Mosquito repellency assay 
 

Mosquito response was evaluated using a screened-cage 

bioassay. Twenty laboratory-reared adult mosquitoes 

were used for each treatment. The test material was 

applied to a designated treated area, while an untreated 

region was maintained for comparison. Following 

acclimatization, mosquito behaviour was observed for 2 

h. 

 

Movement, resting, landing and avoidance behaviour 

were recorded during the exposure period. The numbers 

of live and dead mosquitoes were recorded at the end of 

the experiment. The individual aqueous extracts of O. 

tenuiflorum and C. amboinicus and their 1:1 combination 

were evaluated under the same experimental conditions 

(WHO, 2009; Amer & Mehlhorn, 2006; Maia & Moore, 

2011). 

 

Preparation of herbal formulation 
 

The aqueous extracts were incorporated into 

pharmaceutical-grade white soft paraffin (vaseline). For 

the combined formulation, Tulasi and Karpooravalli 

extracts were mixed in a 1:1 ratio before incorporation 

into the base.  

 

The extract was added gradually to the vaseline with 

continuous mixing until a visually homogeneous 

formulation was obtained. The preparation was 

transferred to airtight containers and stored until 

evaluation (Bairwa et al., 2020; Sharma et al., 2023). 

 

Physical evaluation of formulation 
 

The prepared formulation was visually examined for 

colour, texture, uniformity, odour and visible phase 

separation. The formulation was considered physically 

acceptable when no obvious separation, discoloration or 

undesirable odour development was observed during the 

period of observation. 

 

Results and Discussion 
 

Characteristics of plant materials and aqueous 

extracts 
 

The collected Tulasi and Karpooravalli leaves were fresh, 

greenish and free from visible disease symptoms (Fig. 1). 

The aqueous Tulasi extract showed a light-green 
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appearance, whereas the Karpooravalli extract was 

darker green (Fig. 2). Some sedimentation was observed 

in the extracts, which was attributed to residual plant 

fibres and insoluble constituents. No foul odour or visible 

microbial growth was observed. 

 

Phytochemical characteristics 
 

The qualitative phytochemical profile differed between 

the two plant extracts (Table 1). Tulasi showed positive 

reactions for tannins and saponins, whereas 

Karpooravalli showed positive reactions for terpenoids, 

glycosides and flavonoids (Fig. 3). The difference in 

phytochemical profiles may contribute to the differences 

observed in mosquito response. However, qualitative 

phytochemical screening alone cannot establish which 

individual compound is responsible for biological 

activity. 

 

Mosquito repellency assay 
 

The results obtained for mosquito repellency tests for 

control, tulasi, karpooravalli and combination of Tulasi 

and Karpooravalli in 1:1 ratio are represented in Table 2 

and Fig. 4 

 

Mosquito response to Control (Vaseline) 
 

In the control treatment, the mosquitoes were maintained 

without exposure to either Tulasi or Karpooravalli 

extract. The control therefore provides the baseline 

response against which the treated groups can be 

compared. The mosquitoes in the untreated control 

showed normalactivity and did not exhibit the 

pronounced avoidance or reduced movement observed in 

the plant-extract treatments. 

 

Mosquito response to individual plant extracts 
 

Following two hours of exposure, 15 of the 20 

mosquitoes exposed to Tulasi extract remained alive and 

5 were recorded as dead. The surviving mosquitoes 

displayed reduced movement and tended to remain away 

from the treated region. Karpooravalli treatment resulted 

in 12 live and 8 dead mosquitoes. Frequent movement 

and avoidance of the treated area were observed.  

 

Thus, under the conditions of the present experiment, 

Karpooravalli produced a greater observed response than 

Tulasi. 

Mosquito response to combined plant extracts 
 

The 1:1 combination of Tulasi and Karpooravalli 

produced the highest observed response among the tested 

treatments. Ten of the 20 mosquitoes remained alive after 

2 h, while 10 were recorded as dead. Restless movement, 

reduced landing and avoidance of the treated region were 

reported. 

 

The greater response observed with the combined extract 

suggests that incorporation of both plant extracts may 

provide an enhanced effect under the experimental 

conditions. However, the available experiment does not 

provide sufficient concentration-response or interaction 

data to establish a formal synergistic relationship. 

Therefore, the result should be interpreted as an 

enhanced observed response rather than definitive 

pharmacological synergy. 

 
The untreated control recorded only1 mortality out of 20 

mosquitoes, corresponding to a mortality rate of 5%, 

indicating low background mortality under the 

experimental conditions. In comparison, Tulasi and 

Karpooravalli extracts produced mortality rates of 25% 

and 40%, respectively. The 1:1 combination of Tulasi 

and Karpooravalli exhibited the highest observed 

mortality of 50%, with 10 out of 20 mosquitoes recorded 

as dead after 2 h of exposure. The combined treatment 

therefore showed a 45-percentage-point higher mortality 

than the untreated control and a greater observed 

response than either extract individually. In addition to 

mortality, the combined treatment produced restlessness, 

avoidance of the treated area and reduced landing. These 

findings indicate an enhanced observed mosquito-

deterrent response of the combined extract under the 

experimental conditions. However, replicated and 

concentration-dependent experiments and statistical 

analysis would be required to determine whether the 

difference is statistically significant and to establish a 

synergistic interaction. 

 

Physical evaluation of the herbal formulation 
 

The combined aqueous extract was successfully 

incorporated into the vaseline base. The resulting 

preparation was light green, smooth and visually uniform 

(Fig. 5). No visible phase separation, discoloration or 

undesirable odour development was observed during the 

reported observation period. The use of a simple vaseline 

base provides a convenient vehicle for topical 
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application. Nevertheless, the present physical evaluation 

represents preliminary assessment only. Further studies 

involving viscosity, pH, microbial quality, accelerated 

stability and chemical retention of active constituents 

would strengthen formulation characterization. 

 

Mosquitoes are important vectors of several infectious 

diseases, and the increasing concerns associated with 

resistance to conventional insecticides have encouraged 

the investigation of plant-derived products as alternative 

mosquito-control agents. Medicinal and aromatic plants 

contain a wide range of secondary metabolites, including 

alkaloids, terpenoids, flavonoids, phenolics, tannins, 

saponins and volatile compounds, which may exert 

larvicidal, adulticidal or repellent effects.  

 

Ghosh et al., 2012 in their review of plant extracts as 

potential mosquito larvicides, reported that the efficacy 

of botanical extracts varies considerably depending on 

the mosquito species, developmental stage, plant species, 

plant part and extraction solvent. They also emphasized 

that solvent polarity can influence the type and quantity 

of phytochemicals extracted and consequently affect 

mosquito-control activity. These observations provide a 

suitable basis for evaluating the mosquitocidal potential 

of Ocimumtenuiflorum (Tulasi) and Coleus amboinicus 

(Karpooravalli) in the present study. 

 

In the present preliminary screening, the control group 

showed 5% mortality, with 19 of the 20 mosquitoes 

remaining alive. Tulasi treatment resulted in 5 deaths out 

of 20 mosquitoes, corresponding to 25% mortality, 

whereas Karpooravalli resulted in 8 deaths, 

corresponding to 40% mortality. The combined Tulasi + 

Karpooravalli treatment at a 1:1 ratio produced the 

highest observed mortality, with 10 of 20 mosquitoes 

dying, corresponding to 50% mortality. Thus, under the 

experimental conditions, the combined treatment 

produced greater observed mortality than either plant 

extract individually.  

 

The behavioural observations further supported 

biological activity of the extracts. Tulasi-treated 

mosquitoes showed reduced movement and avoidance, 

Karpooravalli-treated mosquitoes exhibited frequent 

movement and avoidance, while the combined treatment 

produced restlessness, avoidance and reduced landing. 

These responses suggest that the plant preparations may 

exert both toxic and behavioural deterrent effects. 

The observed activity of Tulasi is consistent with 

previous investigations of Ocimum species against 

mosquitoes. Plant extracts belonging to the genus 

Ocimum have been reported to possess larvicidal activity 

against important mosquito vectors. Kamaraj et al., 

(2011), for example, evaluated extracts of Ocimumcanum 

and Ocimum sanctum against fourth-instar larvae of 

Anopheles subpictus and Culextritaeniorhynchus.  

 

Their results demonstrated that selected extracts of O. 

canum and O. sanctum produced measurable larvicidal 

activity, although the magnitude of activity varied 

according to the extract and mosquito species. This 

variation emphasizes the importance of plant species, 

plant part and extraction procedure when comparing 

botanical mosquito-control studies. 

 

The present observation of 25% mortality with Tulasi, 

together with reduced movement and avoidance, is also 

compatible with reports of repellent activity associated 

with O. tenuiflorum. Studies of Tulasi preparations have 

reported mosquito-repellent properties, suggesting that 

phytochemicals present in the plant may influence 

mosquito behaviour in addition to producing direct 

toxicity.  

 

The behavioural changes recorded in the present study, 

particularly avoidance and reduced movement, therefore 

provide useful preliminary evidence of a deterrent 

response. However, because the present experiment was 

conducted with a limited number of mosquitoes and at a 

single test condition, these observations should be 

considered preliminary. 

 

The greater mortality observed with Karpooravalli (40%) 

compared with Tulasi (25%) is consistent with the 

reported biological potential of plants belonging to the 

genus Coleus. Kumar and Kamal (2021) reviewed the 

mosquito-repellent and larvicidal potential of Coleus 

species and reported that members of this genus contain 

biologically active constituents with potential for 

mosquito management.  

 

They also emphasized that the Lamiaceae family is 

particularly rich in volatile constituents and that further 

studies are required to identify the specific 

phytochemicals responsible for mosquito toxicity and 

repellency. The frequent movement and avoidance 

observed in the present Karpooravalli treatment may 

therefore indicate a behavioural response to bioactive 

constituents present in the extract. 
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Fig.1 Fresh leaves of Karpooravalli and Tulasi 
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Fig.2 Aqueous extract of Karpooravalli and Tulasi 

 

C. amboinicus extract O. tenuiflorum extract 

 

Fig.3 Phytochemical profile of Tulasi and Karpooravalli 
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Fig.4 Mosquito repellent activity 

 

 

 

 

 

 

 

 

 

 

 

 

 

Control Repellency     Karporavalli Repellency 

 

Tulasi Repellency     Tulasi and Karporavalli (1:1) Repellency 

 

Fig.5 Herbal formulation of Tulasi and Karporavalli (1:1) 
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Table.1 Qualitative phytochemical screening of aqueous extracts 

 

Phytochemical constituent O. tenuiflorum C. amboinicus 

Tannins + − 

Saponins + − 

Terpenoids − + 

Glycosides − + 

Flavonoids − + 

Phenols − − 

 

 

Table.2 Mosquito response to individual plant extracts 

 

Treatment No. of mosquitoes Alive Dead Mortality % Behavioural observation 

Control 20 19 1 5% Frequent movement 

Tulasi 20 15 5 25% Reduced movement and avoidance 

Karpooravalli 20 12 8 40% Reduced movement and avoidance 

Tulasi + 

Karpooravalli (1:1) 

20 10 10 50% Restlessness, avoidance and reduced 

landing 

 

 
The present results are also supported by the broader 

evidence demonstrating that the efficacy of plant extracts 

depends strongly on their phytochemical composition 

and extraction characteristics. Kamaraj et al., (2011) 

evaluated different solvent extracts of Annonasquamosa, 

Chrysanthemum indicum and Tridaxprocumbens against 

fourth-instar larvae of Anopheles subpictus and 

Culextritaeniorhynchus. They reported substantial 

differences in larvicidal efficacy among plant species and 

solvents. C. indicum leaf ethyl acetate extract showed an 

LC₅₀ of 39.98 mg/L against A. subpictus, while its 

methanol extract showed an LC₅₀ of 42.29 mg/L against 
C. tritaeniorhynchus. The study demonstrated that 

extraction solvent and plant source can markedly 

influence mosquito toxicity. These findings support the 

interpretation that differences in activity between Tulasi 

and Karpooravalli in the present study may be related to 

differences in their phytochemical profiles and the 

concentrations of active constituents extracted. 

 

The combined Tulasi + Karpooravalli treatment 

produced 50% mortality, which was higher than the 

mortality observed with either extract individually. The 

combination also produced a distinct behavioural 

response characterized by restlessness, avoidance and 

reduced landing. These findings suggest that combining 

the two plant extracts may enhance the overall mosquito-

control response under the conditions tested. The greater 

activity could potentially be associated with 

complementary effects of phytochemicals originating 

from the two plants. Nevertheless, the present data do not 

establish a synergistic interaction in the strict 

pharmacological or toxicological sense. Synergy requires 

comparison of multiple concentrations and combination 

ratios using an appropriate quantitative method. 

Therefore, the present finding is more appropriately 

described as enhanced observed activity of the combined 

extract rather than confirmed synergy. 

 

The behavioural responses recorded in the present study 

are particularly relevant because mosquito management 

can involve both mortality and behavioural deterrence. 

Reduced movement, avoidance and reduced landing may 

decrease mosquito–host contact even when complete 

mortality is not achieved. Previous studies have 

demonstrated feeding-deterrent and repellent effects of 

several medicinal plant extracts against mosquitoes, 

supporting the importance of evaluating behavioural 

responses in addition to mortality. Kamaraj et al., (2011) 

investigated feeding-deterrent effects of herbal extracts 

against fourth-instar Anopheles subpictus larvae and 

demonstrated that plant-derived extracts can affect 

mosquito feeding behaviour. Such behavioural effects 

may complement direct insecticidal activity and increase 

the potential usefulness of plant-based mosquito-control 

preparations. 
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The activity of plant-derived essential oils further 

supports the present findings. Investigations of Ocimum 

essential oils have demonstrated larvicidal effects against 

several mosquito vectors, including Aedesaegypti, 

Culextritaeniorhynchus and Armigeressubalbatus. 

Differences in susceptibility among mosquito species 

have also been reported, highlighting the influence of 

mosquito biology and chemical composition on treatment 

efficacy. These findings reinforce the potential of 

aromatic plants such as Tulasi as sources of mosquito-

control compounds. Similarly, the literature on Coleus 

indicates that volatile and other secondary metabolites 

may contribute to both larvicidal and repellent properties. 

 

Overall, the present study demonstrates preliminary 

mosquitocidal potential of Tulasi and Karpooravalli 

extracts. Karpooravalli produced 40% mortality 

compared with 25% for Tulasi, while the 1:1 

combination produced the highest observed mortality of 

50%. The behavioural responses—reduced movement 

and avoidance with Tulasi, frequent movement and 

avoidance with Karpooravalli, and restlessness, 

avoidance and reduced landing with the combined 

treatment—provide additional evidence of biological 

activity. The results are broadly consistent with previous 

reports describing the larvicidal and repellent properties 

of Ocimum and Coleus species and with the wider 

literature demonstrating mosquito-control activity of 

medicinal plant extracts. However, the present 

experiment should be regarded as a preliminary 

screening study because only 20 mosquitoes were 

included in each treatment and the experiment appears to 

have been performed at a single concentration. The 5% 

mortality observed in the untreated control should also be 

taken into account when interpreting treatment effects.  

 

Using Abbott's correction, the approximate corrected 

mortalities are 21.1% for Tulasi, 36.8% for Karpooravalli 

and 47.4% for the 1:1 combination. Future studies should 

include biological replicates, larger mosquito numbers, 

multiple concentrations, exposure-time studies and 

appropriate statistical analysis. Determination of LC₅₀ 
and LC₉₀ values would allow quantitative comparison of 
potency, while GC-MS or LC-MS-based phytochemical 

profiling could help identify the compounds responsible 

for the observed activity. For the combination treatment, 

different ratios and concentrations should be evaluated 

using an established synergy-analysis method before a 

synergistic interaction is claimed. 

 

Thus, the present findings indicate that Tulasi and 

Karpooravalli are promising sources of plant-derived 

mosquito-control agents, with the combined preparation 

showing greater observed activity than the individual 

extracts under the tested conditions. Further dose-

response, mechanistic and toxicity studies are necessary 

to determine their efficacy, reproducibility and suitability 

for development into botanical mosquito-control 

formulations. 

 

In conclusion, the present study demonstrated observable 

mosquito-deterrent activity associated with aqueous 

extracts of Ocimumtenuiflorum and Coleus amboinicus. 

Tulasi showed tannins and saponins, whereas 

Karpooravalli showed terpenoids, glycosides and 

flavonoids. In the two-hour screened-cage assay, 5 

deaths were recorded with Tulasi, 8 with Karpooravalli 

and 10 with the 1:1 combined treatment. The combined 

treatment also showed pronounced avoidance and 

reduced landing behaviour. The extracts could be 

incorporated into a vaseline-based topical formulation 

that exhibited a smooth, uniform appearance without 

visible phase separation during the observation period. 

The findings provide preliminary evidence supporting 

further investigation of these plants as botanical 

ingredients for mosquito-repellent formulations. 

Standardized mosquito species, replicated experiments, 

quantitative repellency measurements, dose-response 

studies, stability testing and topical safety evaluation are 

required before further application. 
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