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Abstract 
The present study was contacted to prepared novel nanoemulsion formulations (NEFs) from the essential 
oil (Ocimum sanctum) as a nano-insecticidal formulation with different ratios of emulsifier, Stabilizer 
and water. The activities of knock down and adulticidal effect of the formulated nanoemulsion 
formulations was evaluated against Aedes aegypti and Culex quinquefasciatus. The oil in water (o/w) 
emulsions was prepared using with oil, emulsifier, Stabilizer and water. The larger droplet size decreased 
into a smaller size with increase in the concentration of emulsifier. The viscosity and thickness of the 
nanoemulsion decreased with increasing of concentration of emulsifier. Knock down (%) and KD50 and 
KD90 of the nanoemulsions against Ae. aegypti and Cx. quinquefasciatus more effect was recorded for F2 
36.4±1.73, 48.2±2.64, 67.5±3.23, 85.4±1.45 and 98.2±3.43; and 42.3±2.73, 59.3±1.65, 78.4±0.14, 
92.6±3.85 and 100±0.00 respectively. Also, KD50 and KD 90 values were noticed for F2 7.01 and 29.94; 
4.05 and 20.88, respectively. The adult mortality was recorded on A. aegypti and C. quinquefaciatus in 
F2 17.5±0.75, 22.5±1.25, 33.7±0.87, 52.5±1.50 and 71.2±1.25; 23.7±1.125, 30.2±1.25, 43.7±0.37, 
61.2±2.185 and 82.5±1.75, respectively. The LD50 and LD90 values were observed in F2 28.60 and 69.82; 
20.09 and 57.13, respectively. According to Knock down (1 h) and mortality (24 h) level, this 
nanoemulsion was showed potential insecticidal agent against Aedes aegypti and C. quinquefaciatus 
adult. The present study permitted the development of low-cost eco-friendly green Insecticidal 
nanoformulations with potential adulticidal activity, using a nano-technology based approach.  
 
Keywords: Ocimum sanctum, essential oil, nanoemulsion, formulations, Knock down, adulticidal, Aedes 
aegypti, C. quinquefaciatus 
 
1. Introduction 
The research work of nano-emulsion has emerged as a potential alternative tool for both 
intravenous and dermal application. The nanoemulsions are oil-in-water dispersions having in 
different variety of droplet size [1]. The nanoemulsions are stable for a long time [2]. 
Furthermore, the stability depending on the individual system or mixture of ingredients, low 
viscosity and droplet size make them better looking system for many industrial applications, 
such as drug delivery systems in the pharmaceutical industrial. Also, it can also be used in 
cosmetics and in pesticide delivery systems [3]. The nanoemulsions are stable systems, and 
their stability depends upon the method of preparation [4]. The well-known approach is high 
emulsification, which engages high stirring, high-pressure homogenizers. The low energy 
emulsification method has been developed by taking of phase behaviour and properties to 
promote the formation of small droplets with constant vigorous stirring [5]. 
Mosquitoes are the terrorize to public health because of they are transmit the deadly disease 
like malaria, lymphatic filariasis, dengue, chikungunya, yellow fever, and Japanese 
encephalitis [6&7].The various methods have been developed in globally level to reduce the 
occurrence of mosquito vector issues. The regularly used synthetic pesticide applications are 
highly efficient against the target species. This repeated application causes various threats 
through the persistence and accumulation of non-biodegradable toxic components in the 
ecosystem [8-9]. 
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These low-energy techniques include self-emulsification, 
phase transition, and phase inversion temperature [10]. In this 
background, nanoparticles are usually produced in a “bottom-
up” process. The mechanism of particle stabilization of 
emulsions and foams is commonly referred to as Pickering 
stabilization, in which particles of suitable wettability are 
effectively irreversibly adsorbed at the interface. Oil-in-water 
(O/W) or water-in-oil (W/O) emulsions can thus be produced 
depending on whether the particles are predominantly 
hydrophilic or hydrophobic [11&12].  
The emulsions and foams can be stabilized not only by 
surfactants, but also by solid particles in the formulations. The 
subject of particle-stabilized dispersed systems has been 
provided [13], and particularly the stabilization of food foams 
by particles and the stabilization of both emulsions and foams 
by element in foods have been reviewed [11&12]. The type of 
food emulsions are homogenized and reconstituted milks 
(O/W) and (W/O) of margarines and fatty spreads [13], while 
surface-active molecules are also present. The emulsion based 
formulations containing tea tree, geranium, marjoram, 
rosewood; the mechanism of action of essential oils against 
microorganisms involves the interaction of phenolic 
compounds with the proteins in the cytoplasmatic membrane. 
The emulsion based formulation of water dispersible nano 
permethrin was prepared for larvicidal study. Nano 
permethrin was prepared using solvent evaporation of oil in 
water emulsion, which was obtained by mixing of two types 
of phases (organic and aqueous). The larvicidal studies were 
carried out against Culex quinquefasciatus [14].  
The essential oils have a complex mixture of non-volatile and 
volatile compounds produced by aromatic plants as the 
secondary metabolites [15]. For example, in most oil in water 
emulsions proteins usually act as both emulsifiers and 
stabilizers, whereas the use of surfactants usually facilitates 
the formation, stabilization and controlled fat destabilization 
of food emulsions. The food industry is one of major industry 
that usage heavily on the use of emulsions and emulsifiers. 
The variety of products such as soft drinks, milk, cream, salad 
dressings, mayonnaise, soups, sauces, dips, butter and its 
examples of emulsions [16]. The common emulsifiers used in 
the food industry are amphiphilic proteins, polysaccharides, 
phospholipids and small molecule surfactants [17]. The 
nanoemulsions are frequently transparent or slightly dirty. 
This property is beneficial, making nanoemulsions for 
transparent products, such as clear beverages, sauces, soups, 
and syrups. 
The nanoemulsion droplets mean that they have much better 
physical stability against gravitational separation, 
flocculation, and coalescence than conventional emulsions [18, 

19 & 20]. The aqueous of Pongamia glabra and Jatropha curcas 
cakes after extracting oil to enhance the activity of Eucalyptus 
globulus as a pesticide by making a nanoemulsion for the 
control of Tribolium castaneum. The essential oils are 
encapsulated in suitable emulsion delivery systems. It can be 
incorporated into aqueous based foods and other products by 
mixing. Based on their droplet size, emulsions are divided 
into conventional nanoemulsions [18 & 20]. In the present study 
the use of nanoemulsions as potential use of nano-green 
insecticidal with suitable ingredients is enhance the promising 
activity. Hence, the present research work was to differentiate 
the nanoemulsions with fabricated essential oil in distribution 
for comparison. The two phases were used O/W and W/O 
emulsions for enhancing the bio-efficacy in emulsions.  
 
 

2. Materials and methods 
2.1. Extraction of essential oil 
The fresh plant material (Ocimum sanctum) were collected in 
and around Coimbatore and washed with distilled water and 
dried under shade for 24 hours and extracted in steam 
distillation. The distillation period was about 8 hours in a 
Clevenger apparatus and the separated oil from the aqueous 
solution. The collected essential oil was transferred into a 
dark glass bottle and kept at a temperature of 4 °C until 
further used [21].  
 
2.2. Test insects 
The Aedes aegypti and Culex quinquefasciatus were cultured 
in our laboratory conditions (26±2 °C, 70–85 % R.H, 14:10 
(L:D) photoperiod) and placed in 22×10×8 cm plastic 
containers with 1000 mL tap water. Larvae were reared in the 
plastic containers and larvae fed with dog biscuits and yeast at 
3:1 ratio (w/w).The containers were kept closed with muslin 
cloth to prevent emerged adults mosquito outside. Larvae and 
pupae for experiments were collected daily from culture 
containers and separated to glass beakers for further assays 
[22]. 
 
2.3. Preparation of Nanoemulsion formulations  
The nanoemulsion formulations (NEF) were prepared 
(Table1) with different ingredients (w/w) of Ocimum sanctum 
oil. The nanoemulsion formulations were prepared with slight 
modification as described [23]. The oil was dissolved in 
emulsifier at different proposition of phase systems (o/w or 
w/o). For the preparation of nanoemulsion, oil was dispersed 
in the aqueous phase under stirring technique for obtain 
emulsion. After the stirring of homogenization the produced 
oil in water or water in oil nanoemulsion was collected (Fig 
1). All the nanoemulsion formulations samples were kept to 
room temperature. 
 
2.4. Knock down and adulticidal bioassay   
Ae. Aegypti and Cx. quinquefasciatus mosquitoes were 
selected for the testing of knock down and adulticidal 
activities. The Knock down and adulticidal bioassay was 
performed by WHO method [23]. Five different concentrations 
of the NEF of O. sanctum were applied on Whitman no. 1 
filter papers (size 12 x15 cm2) as described earlier [24]. 
Control papers were treated without NEF under. The knock 
down and adulticidal activity of the NEF was evaluated at five 
concentrations (3.125 to 50 mg/cm2). 25 female mosquitoes 
(2-5 days old) were transferred into a plastic holding tube. 
Number of mosquitoes knocked down in the exposure tube 
was recorded at 3 min interval period till the last mosquito 
was knocked down. At the end of exposure period, 
mosquitoes were transferred to holding tube and kept for 24 h. 
Knock down (KD50 and KD90) and lethal dose (LD50 and 
LD90) values were determined using Probit analysis19. 
Mortality of mosquitoes was determined at the end of 24 h 
recovery period. Per cent mortality was corrected by using of 
Abbott’s formula [25]. This present study was done from July 
to October, 2015 in our laboratory at department of Zoology, 
School of Life Sciences, Bharathiar University, Coimbatore, 
Tamil Nadu. 
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2.5. Statistical analysis 
Knock down and adulticidal activities datas were analysed 
using one way ANOVA. The percentage mosquito Knock 
down and mortality data were subjected to Probit analysis. 
Knock down (KD50 and KD90) and lethal dose (LD50 and 
LD90) were calculated method [26]. A probability level of 
P<0.05 was used for the significance of differences between 
values.  
 
3. Results  
3.1. Knock down (%) and (KD50 and KD90) activity 
The knocks down activity were studied at 1 hr exposure using 
different concentrations with nanoemulsion formulations 
(NEF). Three different nanoemulsion formulations in five 
doses (3.125-50 mg/cm2). The Tables 1 & 2 showed 
percentage of knock down and KD50 and KD90 (Knock Down) 
of A. aegypti and C. quinquefaciatus results for F1 36.4±1.73, 
48.2±2.64, 67.5±3.23, 85.4±1.45 and 98.2±3.43 and 
42.3±2.73, 59.3±1.65, 78.4±0.14, 92.6±3.85 and 100±0.00 for 
F2 24.3±0.38, 36.4±1.25, 45.6±1.71, 69.3±0.71 and 74.3±0.82 
and 22.1±0.23, 41.3±1.35, 56.4±2.45, 71.1±0.81 and 
82.7±0.72; and for F3, 16.2±0.21, 27.1±0.3, 34.5±2.43, 
47.4±0.58 and 64.3±0.31 and 18.1±0.31, 33.3±0.56, 
42.2±3.73, 52.4±0.53 and 68.1±0.52 and respectively. The 
KD50 and KD 90 (Knock Down) values were 19.00 and 65.71; 
14.66 and 54.39 for F1; 7.01 and 29.94; 4.05 and 20.88 for F2 
and for F3, 32.29 and 82.81; 27.01 and 78.98 respectively. 
Among the three formulations, the F2 were more effective 
than the other two formulations on. The F1 and F2 
nanoemulsion formulations showed considerable knock down 
activity on adult mosquitoes of A. aegypti and C. 
quinquefaciatus. 
 
3.2. Adulticidal (LD50 and LD90) activity  
The adulticidal activity was recorded after 24 hr in different 
concentrations with impregnated papers with NEF. The 
results showed adult mortality (%) and lethal doses (LD50 and 
LD90) (Tables 1&2) on A. aegypti and C. quinquefaciatus for 
F1 8.74±0.87, 13.7±1.35, 27.5±0.37, 38.7±0.37 and 
58.7±1.75; 12.5±1.50, 22.2±0.37, 31.3±0.75, 43.7±1.25 and 
65.0±0.51; for F2 17.5±0.75, 22.5±1.25,33.7±0.87, 52.5±1.50 
and 71.2±1.25; 23.7±1.125, 30.2±1.25, 43.7±0.37, 61.2±2.185 

and 82.5±1.75 and for F3, 2.5±0.21, 7.5±0.75, 14.7±0.35, 
23.7±0.33 and 33.7±0.81; 8.75±1.25, 13.7±1.62, 21.2±0.87, 
32.5±0.86 and 48.7±2.37 respectively. The LD50 and LD90 
values were 39.36 and 81.14; 33.99 and 78.46.39 for F1; 
28.60 and 69.82; 20.09 and 57.13 for F2 and for F3, 63.02 and 
115.73; 48.36 and 99.04, respectively. In the adulticidal 
activity F2 formualtion were more effective on C. 
quinquefaciatus than the A. aegypti. The F1 and F2 
formulations showed moderate activity on adult mosquitoes 
of A. aegypti and C. quinquefaciatus. The chi-square values 
were not significant at P<0.05 level. 
 

 
 

Fig 1: Nanoemulsion formulations after preparation. Emulsions: F1 
(O/W); F2 (O/W) and F3 (W/O). 

 
Table 1: The different percentages of water phase nano-emulsion 

formulations with different ingredients. 
 

S. No Type of Ingredients 
% Compositions of NEF (w/w)* 

F1 F2 F3 
1 Distilled water 55 50 45 
2 Ocimum sanctum 30 25 20 
3 Emulsifier 10 15 20 
4 Stabilizer 05 10 15 
5 Total 100 100 100 

*NEF indicates nanoemultion formulations.

 
Table 2: The knock down (%) and knock down (KD50, KD90) of Aedes aegypti with NEF formulations*.   

NEF 

% Knock Down (Mean ± SD) 
(mg/cm2) 

KD50KD90 and 95% Fiducial limits 
(Upper and Lower ) Regression 

equation 
x2 

3.125 6.25 12.5 25 50 (LFL UFL) (LFL UFL) 

 
F1 

36.4±1.73 48.2±2.64 67.5±3.23 85.4±1.45 98.2±3.43 
7.01 

(26.010-9..356) 
29.94 

(26.010-35.809) 
y =0.559 + 0.002x 3.59 n.s. 

 
F2 

24.3±0.38 36.4±1.25 45.6±1,35 69.3±0.71 74.3±0.82 
19.00 

(-6.28-47.11) 
65.71 

(41.59-342.71) 
y =0.274 + 0.003x 12.6 n.s. 

 
F3 

16.2±0.21 27.1±.0.3 34.5±2.43 47.4±0.58 64.3±0.31 
32.29 

(27.353-39.107) 
82.81 

(68.98-106.327) 
y =0.253 + 0.003x 4.72 n.s. 

*NEF- Nanoemultion formulations.  
Values are mean ± SD (No. of replicates = 5); Control-No Knock down  
Mosquitoes were exposed for 1 h and mortality was recorded after 24 h period.  
KD50= Concentrations required to knock down 50% of the population exposed. 
KD90= Concentrations required to knock down 90% of the population exposed. 
LFL - Lower Fiducidal Limit, UFL - Upper Fiducidal Limit, x2 – Chi-square value, 
*Significant at P < 0.05 level. 
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Table 3: The knock down (%) and knock down (KD50, KD90) of C. quinquefasciatus with NEF formulations. 
 

NEF 
% Knock Down (Mean ± SD) 

(mg/cm2) 
KD50KD90and 95% Fiducial limits 

(Upper and Lower ) Regression 
equation 

x2 
3.125 6.25 12.5 25 50 (LFL UFL) (LFL UFL) 

F1 42.3±2.73 59.3±1.65 78.4±0.14 92.6±3.85 100±0.00 4..05 
(1.353-6.031) 

20.88 
(18.025-25.350) y =0.761 + 0.002x 2.94 n.s. 

F2 22.1±0.23 41.3±1.35 56.4±2,45 71.1±0.81 82.7±0.72 14.66 
(-25.13-36.24) 

54.39 
(34.18-332.12) y =0.322 + 0.003x 16.4 s. 

F3 18.1±0.31 33.3±.0.56 42.2±3.73 52.4±0.53 68.1±0.52 27.01 
(14.069-57.355) 

78.98 
(52.11-244.41) y =0.246 + 0.003x 8.04 s. 

*NEF- Nanoemultion formulations.  
Values are mean ± SD (No. of replicates = 5); Control-No Knock down  
Mosquitoes were exposed for 1 h and mortality was recorded after 24 h period.  
KD50= Concentrations required to knock down 50% of the population exposed. 
KD90= Concentrations required to knock down 90% of the population exposed. 
LFL - Lower Fiducidal Limit, UFL - Upper Fiducidal Limit, x2 – Chi-square value, 
*Significant at P < 0.05 level. 

 
Table 4: The adult mortality (%) and lethal dose (LD50 and LD90) of Aedes aegypti with NEF formulations*.   

 
NEF 

% Mortality at 24 h (Mean ± SD) 
(mg/cm2) 

LD50 LD90 and 95% Fiducial limits 
(Upper and Lower ) Regression 

equation 
x2 

3.125 6.25 12.5 25 50 (LFL UFL) (LFL UFL) 
 

F1 17.5±0.75 22.5±1.25 33.7±0.87 52.5±1.50 71.2±1.25 28.60 
(24.68-33.451) 

69.82 
(60.039-84.925) y =0.310 + 0.035x 4.08 n. s. 

 
F2 8.74±0.87 13.7±1.35 27.5±0,05 38.7±0.37 58.7±1.75 39.36 

(27.618-75.262) 
81.14 

(56.44-188.70) y =0.306 + 0.003x 8.91 s. 

 
F3 2.5±0.21 7.5±.0.75 14.7±0.35 23.7±0.33 33.7±0.81 63.02 

(42.19-247.39) 
115.73 

(73.06-546.27) y =0.243 + 0.038x 7.95 s. 

*NEF- Nanoemultion formulations.  
Values are mean ± SD (No. of replicates = 5); Control-No Knock down and No Mortality 
Mosquitoes were exposed for 1 h and mortality was recorded after 24 h period.  
LD50 = Lethal dose required to kill 50% of the population exposed. 
LD90 = Lethal dose required to kill 90% of the population exposed. 
LFL - Lower Fiducidal Limit, UFL - Upper Fiducidal Limit, x2 – Chi-square value, 
*Significant at P < 0.05 level. 
 

Table 5: The adult mortality (%) and lethal dose (LD50 and LD90) of C. quinquefasciatus with NEF formulations*. 
 

 
NEF 

% Mortality at 24 h (Mean ± SD) 
(mg/cm2) 

LD50 LD90 and 95% Fiducial 
limits 

(Upper and Lower ) 
Regression 
equation 

x2 

3.125 6.25 12.5 25 50 (LFL UFL) (LFL UFL) 
 

F2 23.7±1.125 30.2±1.25 43.7±0.37 61.2±2.125 82.5±1.75 20.09 
(16.71-23.68) 

57.13 
(49.57-68.44) 

y =0.346 + 
0.037x 

2.92.n 
s. 

 
F1 12.5±1.50 22.2±0.37 31.3±0.75 43.7±1.25 65.0±0.51 33.99 

(29.39-40.200) 
78.46 

(66.71-97.24) 
y =0.288 + 

0.035x 
4.56 
n.s. 

 
F3 8.75±1.25 13.7±.1.62 21.2±0.87 32.5±0.86 48.7±2.37 48.36 

(41.22-59.80) 
99.04 

(81.88-128.94) 
y =0.252 + 

0.035x 
3.51.n 

s. 
*NEF- Nanoemultion formulations.  
Values are mean ± SD (No. of replicates = 5); Control-No Knock down and No Mortality 
Mosquitoes were exposed for 1 h and mortality was recorded after 24 h period.  
LD50 = Lethal dose required to kill 50% of the population exposed. 
LD90 = Lethal dose required to kill 90% of the population exposed. 
LFL - Lower Fiducidal Limit, UFL - Upper Fiducidal Limit, x2 – Chi-square value, 
*Significant at P < 0.05 level. 
 
4. Discussion 
The obtained results are concurring with earlier study of R. 
officinalis essential oil allowed determination of required 
value and achievement of an O/W nanoemulsion. The 
emulsification method involved in the procedure used heating 
of the oil phase, constituted by essential oil and sur-factant, in 
order to obtain small droplets [27]. The essential oils are 
complex mixtures of volatile substances andheating step 
would lead loss of substances. The studies are concerning 
nanobiotechnology of R. officinalis essentialoil, we decided to 
test a method without heating, which proved to successfully 
generate a nanoemulsion. The low energy method used in this 
study is based in a catastrophic phase inversion [28].The 

variation of insecticidal activity of the nanoemulsion of 
eucalyptus oil with and without the aqueous filtrate against T. 
castaneum after 2 months was observed. From this figure, it is 
clear that the toxicity of the nanoemulsion prepared using this 
filtrate as a continuous phase remains the same, but there is 
considerable decrease in insecticidal activity of the 
nanoemulsion formulations prepared using distilled water. 
The LC50 values of the formulations, i.e., F1, F2, F3, and F4 
indicate that F4 was more toxic than F2 and F3, but F1 was 
not as toxic as F4, F3, and F2 because of the absence of 
aqueous filtrate as a continuous phase in the formulation [29]. 
The earlier study by Omoloa et al. (2005) [30] have reported 
the fumigant toxicity of essential oils from 15 species of 
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African plants against Anopheles gambiae in the laboratory. 
They reported that oils of 6 plant species viz., Tarchonanthus 
camphoratus, Lippia javanica, Plectranthus marruboides, 
Tetradenia riparia, Lippia ukambensis and Conyza newii 
were found to be relatively more toxic, with C. newii and P. 
marruboides showing the highest potency. Yang et al. (2005) 
[31] have studied the adulticidal activity of five essential oils 
against Culex pipines. They found that the Rutaceae oil 
obtained from Citrus sinesis was the most effective adulticidal 
treatment. Vartak and Sharma (1993) [32] have reported the 
knock-down effect of terpenoids of volatile oils against A. 
aegypti adult females.  
Rajkumar and Jabanesan (2002) [33] reported the knocking 
down and killing effects of Solanum aerianthum D.Don. Leaf 
extracts against the mosquito Culex quinquefasciatus Say. 
Jeyabalan et al. (2003) [34] have reported the adulticidal effect 
of Pelargonium citrosa on Anopheles stephensi, with LC50 
and LC90 values as 1.56% and 5.22% respectively. The 
obtained results are in agree with earlier study by Prajapati et 
al. (2005) [35] have studied 10 essential oils viz., 
Cinnamomum zeylanicum, Cuminum cyminum, Cyperus 
scariosus, Curcuma longa, Juniperus macropoda, Ocimum 
basilicum, Rosmarinus officicinalis, Nigella sativa, 
Pimpinella anisum, and Zingiber officinale for adulticidalt 
activity against three mosquito species; Anopheles stephensi, 
Aedes aegypti and Culex uinquefasciatus. The oil based 
nanoemulsion was prepared in three ratios by varying the 
volumes of oil, surfactant, and water. The ratios were 1:1, 1:2, 
and 1:3, respectively. The uniformity and stability of the 
nanoemulsion can be determined. The nanoemulsion is 
inversely proportional to the uniformity and stability of the 
nanoemulsion [36]. The seed and leaf extract of eucalyptus oil 
contain compounds that are toxic to mosquito larvae [37]. 
Eucalyptus oil is the oil distilled from the leaves of 
eucalyptus, a genus of the plant family Myrtaceae. In the 
present results are compatible with earlier study carried out in 
the repellent activity of eucalyptus oil was demonstrated 
against Cx. quinquefasciatus [37]. 
 
5. Conclusions 
From the present investigation, a prominent result of 
nanoemulsion using with essential oil loaded formulation was 
notice. The NEF showed variation in knok down and 
adulticidal activity when tested by test tube such as filter 
paper impregnated method. Nanoemulsion formulation (F1) 
recorded 100 per cent knock down activity. The property of 
the nanoemulsion was related to the essential oil and with 
ingredient added in the nanoemulsion formulations. The 
activities such as knock down and adulticidal of 
nanoemulsions were evaluated by nanoemulsion (F1-F3) 
formulation. The nanoemulsion based essential oil fabricated 
as emulsion formulation and it enhanced adulticidal activity 
against A. aegypti and Cx. quinquefasciatus was observed. 
The current results support to the development new product of 
NEF from essential oil for the vector mosquito control. This is 
the important report on evaluated the anti- mosquitocidal 
activity of oil loaded nanoemulsion. It could be bringing a 
promising nano-insecticidal which can be used for the adult 
mosquito management.  
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