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INTRODUCTION 

 

Dengue is a rapidly spreading mosquito borne viral disease in the world. The 
various serotypes of the dengue virus are transmitted to humans by the mosquito 

bites of Aedes aegypti & Culex quinquefasciatus. These organisms complete one 

half of their life cycle in the gut of mosquitoes and the other in a living host and 
are responsible for transmitting deadly diseases like malaria, dengue, 

chikungunya, yellow fever, encephalitis, and filariasis (Osanloo et al., 2017). 

Repellent based essential oils for controlling mosquitoes are being developed as 
an alternative to chemical agents such as DEET (N,N-diethyl-meta-

toluamide),kerosene fumes which leads to environmental pollution as well as 

health hazards like skin itching, rashes, eye irritation  and neurological issues. 
Prolonged use of these chemicals results in damage to kidney, liver and in 

pregnant women, it leads to teratogenic effects in the foetus (Anjali et al., 2012). 
In the last 50 years, different groups of medicinal plants have been screened as an 
effective source for repellents and insecticides. Biopaint is a formulation that 

contains the natural essential oils to prevent the biofilm formation and also aids 
in the control of mosquitoes and insects. The Nano bio paint prepared from the 

natural oil is supposed to eradicate mosquitoes in a better way when compared to 

the synthetic repellent since they are nontoxic and eco-friendly (Mohammadi et 

al., 2019). The production cost of nanocolloidal biopaint is less when compared 

to the conventional mosquito repellent paint. 

Studies on plants such as Ocimum tenuflorium (Tulsi), Azadirachta indica 
(Indian neem), Vitex Negundo (Nochi leaves) shows that they have strong 

tendency to repel insects (Arciola et al., 2005; Singh et al., 2019). The medicinal 

plants used in this experiment are being used traditionally by South Indians for 
repelling mosquitoes and other insects. Tulasi or tulsi, commonly known as holy 

basil is an aromatic perennial plant in the family Lamiaceae. Essential oils 

extracted from tulasi is mostly used for medicinal purposes and herbal cosmetics. 
Azadirachta indica, commonly known as neem, is a tree in the mahogany family 

Meliaceae. The bioactive compounds, Azadirachtin, Nimbin, Nimbidin and 

Nimbolides have antifeedant activity, ovicidal activity, fecundity suppression 

besides insect growth regulation and repellency against insects and pests (Burt, 

2004). It induces resistance due to their multiple mode of action on insects.., 

Neem is considered environmentally safe and its products are highly accepted by 
the public for crop pests control and various mosquito control programmes (Da 

Costa et al., 2014).   
Nochi has Astringent and anti-inflammatory property. It is found to be effective 

against ringworm, eczema and various other skin infections, liver disorders, 

spleen enlargement, rheumatic pain, gout, abscess and backache (Karunakaran 

et al., 2019). 

Bacterial population in the environment associated with surfaces is called 

biofilms. It causes serious sanitary problems for both humans and animals and 
also in clinical and industrial settings. Biofilm producing bacteria has specific 

properties such as increased resistance to antibiotics, UV light and chemical 

biocides, greater genetic exchange, distorted biodegradability(Famuyide et al., 

2019). To overcome these issues, Biofilm inhibitors are screened from different 

medicinal plants and are made as a nanoemulsion formulation to control the 

growth of biofilm. 
In the present study, an attempt has been made to formulate a nanoemulsion from 

the extracts of Tulsi, Neem and Nochi with different concentration and is studied 

for their potential inhibitory action against mosquitoes and biofilm formation. In 
future, we are going to formulate nanocolloidal biopaint to eradicate mosquitoes 

and biofilms using essential plant oils. 

 

MATERIAL AND METHODS 

 

Extraction of essential oil 

 

The fresh plant leaves of Tulsi, Neem and Nochi were collected from in and 

around Sathyamangalam and washed with distilled water and shade dried for one 
day. The grinded powder samples was seived and subjected for extration using 

Hexane solvent. The essential oil extraction was done by steam distillation for 8 
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hours and the temperature was maintained at 55℃. The separated oil from 
aqueous solution was stored in dark glass bottle and kept it for 4 °C for until 

further use (Mindaryani and Rahayu, 2007). Measure the amount of oil 

obtained (Navarro-Rocha et al., 2020). 
The yield of essential oil can be calculated by, 

 

X1 = final yield of oil (g) 

X2 = total weight of fresh 

leaves (g) 
 

Essential oils yield (%) = [X1 / X2]* 100 

 

Nanoemulsion preparation 

   

Nano emulsion was prepared using 6% (v/v) mixed plant oil (Tulsi, Neem and 
Nochi), nonionic surfactant Tween 80 (high HLB value) and distilled water by 

ultrasonication method. The nonionic surfactant is used to stabilize the droplets 

of emulsion by stearic stabilization. The core emulsion was formulated by mixing 

essential oil and surfactant in different oil-to-water ratios (5/95, 10/90, 15/85, 

20/80, 25/75, 30/70) followed by addition of distilled water. After that, the 

emulsion was subjected to high energy ultrasonication using a 20 kHz sonicator. 
The emulsion is placed in a beaker containing ice to nullify the heat during 

ultrasonic emulsification process (Kalita et al., 2013).  

 

Stability Study 

 

The thermal stability analysis of formulated nanoemulsion was performed to 
investigate the effect of temperature. Samples were stored between 4 and 40 ºC 

temperature each for a period of 48 h. The heating–cooling cycle was repeated 

four times. Absence of cracking, creaming and phase separation indicates that 
prepared emulsion is highly stable (Kuhn et al.,2002). 

 

Zeta-Potential analysis 

 

The stability of the emulsions depends on its electrostatic potential on the surface 

of emulsion and magnitude of the zeta potential is predictive of the colloidal 

stability. Nano emulsions with Zeta Potential values greater than +25 mV or less 

than -25 mV typically have high degrees of stability. The zeta potential values for 

combined oil emulsion can be obtained using zeta potential analyzer (Sharma et 

al.,2020).  

 

Particle size analysis 

 

The droplet size measurement and PDI of mixed nanoemulsion was investigated 

using particle size analyzer at room temperature (Malvern, UK). The 
Polydispersity Index is used to measure the homogeneity and stability of the 

droplet size in the nanoemulsion system. PDI values below 0.2 designate a 

narrow size distribution and as a result of long-term stability of the formulated 
nanoemulsion. Prior to analysis, the formulated emulsion was diluted with milli-

Q (Millipore corporation) double-distilled water to avoid down multiple 

scattering effects (Osanloo et al., 2017 ; Roy and Guha et al., 2018). 

 

Isolation of Biofilms 

 

The contaminated wall samples were collected from nearby sathyamangalam 

region. The biofilm producing bacteria was isolated by serial dilution method and 
grown over Nutritive agar plates (Arciola et al., 2005). 

 

Biofilm screening assay  
 

The three bacterial colonies were cultured in nutrient broth media. 5ml of each 

bacterial culture is taken in a test tube and stored at 37C for 5-10 days. 
Formation of biofilm is confirmed by adding crystal violet over the inner surface 

of the test tube. Crystal violet dye binds to negatively charged molecules such as 

polysaccharides present in the biofilm. After addition of dye, the biofilm appears 
violet in colour which can be observed with naked eye (Qu et al., 2020).  

 

Antibiofilm activity of nanoemulsion 

           

The antibacterial activities of the nanoemulsions against biofilm forming bacteria 

were determined using agar diffusion and microtiter plates. In agar diffusion 
method, the bacterial cultures were inoculated in petriplates containing agar 

medium. A filter paper was cut into round shaped pieces, soaked in the 

nanoemulsion and placed on the agar surface. The plates are incubated at 37C 
overnight. The size of the zone of inhibition indicates the antibacterial activity of 

the nanoemulsion (Muthuchamy et al., 2020). Using micro titer plate, the 

nanoemulsion is added to nutrient broth media in different concentrations - 50%, 
25%, 12.5% and 6.25%. 1µl of bacterial culture is added to each well. After one 

day of incubation of the microtiter plate at 37C, the absorbance value is 

measured using ELIZA reader. Results of agar diffusion method and ELIZA 
reader were compared (Blando et al., 2019). 

 

Vector larvae growth 

 

The Aedes aegypti was cultured in our laboratory conditions using plastic trays 

(30*20*10cm) with a photo period of 13hrs light and 11hrs dark. The larvae’s 
were cultivated in the plastic container which covered with muslin cloth to avoid 

emerged adult mosquito outside. The Larvae were fed with algae (or) dog 

biscuits and yeast extract in the ration of (3:1). The temperature is set at 28±1ºC 
with relative humidity of 80-85% (Ramar et al., 2013). 

  

Larvicidal Activity 

 

The larvicidal effect of the mixed oil nanoemulsion was evaluated according to 
the WHO procedures for testing mosquito larvicides (WHO, 2005). The larvae of 

Aedes aegypti was treated with different concentration of nanoemulsion and 

control larvae were kept in water without any treatment. According to the WHO 
protocol, 40 larvae of Aedes aegypti was added to the beaker with 200 ml of 

water using droppers in addition to that mixed oil nanoemulsion were added in 

different concentrations separately. The beakers containing the mosquito larvae 
were incubated at  room temperature of 25°C and a photoperiod of 12 hr light 

followed by 12 hr dark (12L:12D) (Oliveira et al., 2017). Larval mortality of the 

mixed oil nano emulsion was monitored after different interval of exposure time 
without food as the maximum exposure period is 24 hr. The larvicidal studies 

were performed with three replicates. The larval mortality was corrected 

according to Abbott’s formula (Abbott, 1925). 
 

Mortality (%) = [X-Y / X ]*100 

 

Where X denotes the survival percentage in the untreated control group  

            Y denotes the survival percentage in different treated groups. 

 

RESULTS AND DISCUSSION 

 

The essential oils obtained from neem, tulsi and nochi are volatile complex 
mixtures with a various biological activities, including insect repellent and 

larvicidal properties (Sugumar et al., 2016). Bioactive compounds are ability to 

modulate the metabolic process and include positive properties such antioxidant, 
antiinflammatory and antimicrobial activities. This review examined the main 

compounds of medicinal plants such as Tulsi, Nochi and Neem with 

antimicrobial and anti-inflammatory activity and also inducing their 
physiological role and the different modes of action and synergies. Among the 

studied compounds, phenolic substances, which include phenylpropanoids, 

flavonoids, catechins, tannins, and lignans, could display various role in 
biochemical and pharmacological activities, as single compounds or complex 

phytochemical mixtures. These compounds are shown to be effective in 

inhibiting microbial biofilms and against mosquitoes (Singh et al., 2019). The 
development of A.aegypti occurs in water, consequently, active substances could 

be dispersed in this medium. On this perspective, an O/W nanoemulsion used to 

rectify the water solubility problems. 
The formation of stable droplet size nano emulsion is mainly based on the type of 

oil (cloud and flavour oil) used in the emulsification process. The plant derived 

essential oil exhibits less viscosity and are highly refined and as called as flavour 

oils. Formulation of nanoemulsion with flavor oil resulted in stable emulsion with 

a droplet size in the range 100 - 200 nm. Therefore the flavour oils were used for 

nanoemulsion preparation. 

 

Thermodynamic stability study 

 
The Nano emulsion was prepared by ultrasonication method were subjected to 

different stress tests such as centrifugation, heating-cooling and freeze-thaw 

cycle. The emulsion is kept at different temperatures to check the stability of the 
nano emulsion at different temperatures 4, 26, 35, 40ºC. The best temperature for 

storage of Nano emulsion is found to be 26ºC respectively (Gurpreet  and Singh 

S, 2018). The various concentration of neem, tulsi and nochi oil emulsions are 

taken for emulsion stability are 5/95, 10/90, 15/85, 20/80, 25/75 and 30/70. The 

Mixed oil nanoemulsion (10/90) formulated with Tween 20 as a surfactant, was 
found to be stable formulation. Based on these results, the stable nanoemulsion 

formulations with reduced surfactant concentration were chosen for size 

characterization studies. Singh et al. (2019) investigated stability studies on 
nanoemulsion and found that no change in physical appearance and viscosity, at 

25° C /60 % RH and 30°/65 % RH.  

 

Droplet size distribution of selected nanoemulsion formulation  

 

The nanoemulsion was formulated by ultrasonication method which yields low 
polydispersity index with minimized droplet size.Emulsification time has a direct 

correlation with droplet diameter of the nanoemulsion. When emulsification time 

increased from 10 min to 30 min using mixed oil nanoemulsion (10/90) and 
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Tween 20, the mean droplet size of the formulation NE1, NE2 and NE3 were 
reduced from 607.7 to 351 nm and 351 to 311.9 nm respectively. The 

polydispersity index of formulated nanoemulsion was found to be minimum in 

the case of NE1 (0.649) and NE2 (0.427) as compared to NE3 (0.360). The 
polydispersity index (PI) of the nanoemulsions was below 0.2 which provide 

long-term stability to the nanoemulsions (Blando et al., 2019). While the other 

formuations were not stable because of phase separation. It is used to measure the 
stability and homogeneity of formulated nanoemulsion droplet size. A Similar 

report observed by Leong et al. (2009) and     Tang et al. (2013) which showed a 

decreasing trend of droplet size and PDI with the increase in sonication time 
while formulating sunflower oil and aspirin nanoemulsion.  

 

Zeta-Potential analysis 

 

Zeta potential is a scientific term for electro kinetic potential in colloidal systems. 
In colloidal system, an electro kinetic potential difference between the dispersed 

particle in a fluid of stationary layer and the dispersed medium.  Zeta potential 

value of ± 30 mV can be considered as the arbitrary values to differentiate low-
charged surfaces from highly charged surfaces (Preetz et al., 2010). It can be the 

degree of repulsion among similarly charged adjacent particles in dispersed 

medium. For a small particles shows a high zeta potential will resist to 
aggregation that confers stability. At low potentials have a tendency to coagulate. 

Therefore, colloids with high zeta potential (negative or positive) are highly 

stabilized while colloids with low zeta potentials tend to form coagulate (Blando 

et al., 2019). 

 
[NE1-Nanoemulsion at 10 mins emulsification; NE1-Nanoemulsion at 20 

mins emulsification; NE1-Nanoemulsion at 30 mins emulsification] 

 

Figure 1 Zetapotential analysis of formulated nanoemulsions (NE1, NE2 & NE3) 
at different time interval 

 

From figure 1, emulsification time increased from 10 min to 30 min using mixed 
oil  and Tween 20, the zeta potential values of NE1, NE2 and NE3 were reduced 

from -14.2 to -29.2 mV and -29.2  to  -41.5  mV respectively. In brief, zeta 

potentials from 0 to 30 mV (positive or negative) shows instability, although 
higher than ±30 mV proved the stability of nanoemulsion (ASTM 1985). For 

instance, Krithika et al. (2019) investigated the zeta potential of nanoemulsions: 
the information given by the zeta potential allows stating that the nanoemulsions 

with highly charged surfaces are stable and will resist to droplet aggregation . 

 

Isolation of biofilms 

 

Antibiotic resistance and biofilm formation play a crucial role in clinical 
infections. In conventional therapy, due to the increase in complexity of 

microbial infections and the resistance, scientist has been incited to recognize 

alternatives for the microbial infections. The Plant based bioactive compounds 
have ability to treat infections with less side effects while ancient times. From 2 

different contaminated wall samples, a total of 17 bacterial isolates were obtained 

out of which 3 bacterial isolates identified black crystalline colonies after 24 h of 
incubation on nutrient agar plate (Famuyide et al., 2019). 

 

 

 

 

Biofilm formation assay 

 

Biofilm forming capability of the bacteria was confirmed by applying crystal violet 

over the surface of the test tubes as shown in figure 2. Crystal violet binds to 
negatively charged molecules such as polysaccharides present in biofilm. The biofilm 

formation was higher in bacterial culture ‘S3’ compared to S1 and S2. Because of its 

high biofilm forming activity, only ‘S3’ culture is used for antifilm assay. This was 
determined by quantifying and comparing the biofilm producing ability by Microtiter 

plate method. An optical density of  S1, S2 & S3 ranging from 0.274 to 0.542 at 550 

nm. The results showed that S3 isolate have higher biofilm formation than S1 & S2 
strains (Blando et al.,2019).  

 

 
Figure 2 Formation of biofilm by S3 isolate 

 

Antibiofilm activity  
 

The antibacterial activity of nanoemulsions against the biofilm forming 
bacteria was confirmed by disc diffusion method. Emulsions NE3 controlled 

bacterial growth at a higher rate compared to NE1 and NE2. This can be due to 

the optimum proportion of surfactant and oil mixture. 
 

 
Figure 3 Antibiofilm assay of NE3 Nanoemulsion by Disc diffusion method 

 

In addition, antibacterial activity of the emulsion NE3 was higher against 
bacterial culture S3 as shown in figure 3. This indicates that, antibacterial 

activity is enhanced in bacteria which forms thicker biofilm compared to other 

bacterial cultures. A similar result observed by microtiter plate method. ( 
Chaudhari et al., 2020; Seibert et al., 2019) 

 

Larvicidal activity of nanoemulsion 

 

An experiment performed on mixed oil nanoemulsion (10/90) containing Tween 

20 as a surfactant showed mortality in all the concentration such as at different 
emulsification time (10, 20 & 30 minutes). Results are shown in the figure 4. The 

larvicidal activity of NE1,NE2 & NE3 was investigated against third instar larvae 

Aedes aegypti. Mixed oil nanoemulsion NE3 confirmed concentration and time 
dependent killing of mosquito larva. The study was investigated by varing 

concentration of nanoemulsion (5 ppm, 10 ppm, 15 ppm, 20 ppm, 25 ppm and 50 

ppm) to check the larvicidal efficacy in different time interval (1 hr, 2 hr, 3 hr, 4 
hr, 5hr and 6 hr). Five ppm of NE3 resulted in 40 % larval mortality in 4 hr, 

whereas 10 ppm of NE3 achieved 60 % larval mortality only in 3 hr (Lucia et al., 

2020; Osanloo et al., 2017).  
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Figure 4 Larvicidal activity of formulated nanoemulsion 
Similarly in NE1 and NE 2 achieved high mortality in 25 ppm and 50 ppm concentration 

than low concentration of nanoemulsion Increase in the nanoemulsion concentration to 25 

ppm and 50 ppm resulted in complete loss of larval viability in 6 hr and 5 hr respectively. No 

significant difference was observed between larval viability after 6 hr and 12 hr in all the 

treatment groups. 

 

CONCLUSION 

 

The present study demonstrates formulated nanoemulsion using plant essential 
oils like neem, tulsi and nochi oil by ultrasonication method. Emulsification 

process was optimized with different process parameters like Tween 20 
concentration, oil to surfactant ratio, and emulsification time. Mixed plant oil 

nanoemulsion showed significant larvicidal and antibiofilm activity even at lower 

concentrations. The interactions between nanodroplets and active ingredients 
present in the emulsion system played a major role in the application studies. 

Hence, the formulated nanoemulsions can be further used for different 

applications like control of mosquito larvae in the environment, and also for 
biopaint preparation. Thus, these nanoemulsions seem to be an effectual 

alternative to synthetic or semi-synthetic additives. 
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