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Abstract Microemulsions (ME) are thermodynamically sta-
ble isotropic mixtures of oil, water, and surfactant; they would
also be attractive as potential insecticidal products due to the
high bioviability of the active ingredient, attributable to the
small sizes of the oil drops. A laboratory study was conducted
in order to compare the biological effect of oil in water (o/w)
geranium essential oil (EO) and geraniol MEs and emulsions,
against Culex pipiens pipiens mosquito larvae. The systems
were based on three nonionic surfactants (Cremophor EL, Brij
35, Tween 80). TheMEs showed dispersed phase diameters in
the range of 8 to 14 nm and had low PDI values (<0.2). The
MEs were analyzed by TEM, indicating that they had nearly
spherical morphology. The microemulsified systems based on
geranium EO and those of geraniol produced a notable in-
crease of the larvicidal activity when compared with the
respectably emulsions, concluding that the biological effect
is related with the diameter of the dispersed phase. The
smallest drops achieved the highest larvicidal activity, being
the aqueous nanoformulations based on geraniol most effec-
tive than those of geranium EO. However, geranium
microemulsions are preferred due to their residual toxicolog-
ical profiles. The results indicate that these novel systems

could be used in integrated pest management program for
the C. pipiens pipiens .

Introduction

Mosquitoes are insects of major public health concern because
many species are vectors of diseases. Culex pipiens pipiens
Say (Diptera: Culicidae) is one of the main vectors of lym-
phatic filariasis caused by Wuchereria bancrofti (Nematoda:
Filarioidea) (Becker et al. 2010). The most efficient method
for controlling these ectoparasites is to target larvae at their
breeding sites, being chemical insecticides the primary man-
agement tool (Chung et al. 2009; Conti et al. 2010). In
Argentine, the common insecticides used for adults and larvae
are pyrethroids and organophosphates, respectively (Lucia
et al. 2013). Moreover, insect growth regulators such as
diflubenzuron and methoprene are generally used for the
control of mosquito larvae (Jahan et al. 2011). The overuse
of synthetic pesticides has created a number of ecological
problems such as the development of resistant insect strains,
ecological imbalance, and harm to mammals. Besides, their
residues in soil, water resources, and crops affect public health
(Cheng et al. 2009a, b, c). On the other hand, large amounts of
organic solvents are usually employed to dissolve these ma-
terials in order to achieve effective and uniform application
which potentiate the anterior problems enumerated
(Stackelberg et al. 2001). Thus, actually the studies focus on
the searching of new biodegradable and selective
mosquitocidal products in order to generate eco-friendly
formulations.

In this way, essential oils (EO) from plants are an excellent
option to synthetic pesticides since they reduce negative im-
pacts to human health and the environment being an alterna-
tive method for integrated pest management (Tripathi et al.
2009; Werdin González et al. 2011, 2013). EO are complex
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mixtures of volatile organic compounds produced as second-
ary metabolites in plants; they are constituted by hydrocarbons
(terpenes and sesquiterpenes) and oxygenated compounds
(alcohols, esters, ethers, aldehydes, ketones, lactones, phenols,
and phenol ethers) (Nerio et al. 2010). Various EOs exhibit
acute toxics and sublethal effects against different mosquitoes,
including Culex species (Prajapati et al. 2005; Amer and
Mehlhorn 2006a, b; Senthilkumar et al. 2008; Gillij et al.
2008; Pavela et al. 2009; Govindarajan 2011; Manimaran
et al. 2012; Park and Park 2012; Senthilkumar and
Venkatesalu 2012; Vatandoost et al. 2012; Maheswaran and
Ignacimuthu 2013).

In contrast, their chemical instability, volatility, poor water
solubility, and aptitude for oxidation are inconvenient for the
massive use of the EO (Moretti et al. 2002). In consequence,
the incorporation of the EO in nanoformulations, such as
microemulsions, could solve these problems offering several
advantages, for example, a significant increase in water solu-
bility, dissolution rate and dispersion uniformity, and major
bioviability upon application (Lai et al. 2006).

Microemulsions (ME) are transparent isotropic thermody-
namically stable dispersions of two immiscible liquids (water
and oil) containing appropriate amounts of surfactant. The
dispersed phase consists of small droplets with diameter in
the range of 10–100 nm (Srinivasa Rao et al. 2009).
Surfactants are amphiphilic molecules containing both polar
and nonpolar group, so they tend to adsorb in the interface O-
W; in this way, the dispersion of oil nanodroplets in an
aqueous external phase is stabilized by an interfacial film of
surfactant (Vandame et al. 2002). As they require a minimum
energy for formation, they are ease of manufacturing and scale
up. Due to their small droplet size, MEs may appear transpar-
ent, and Brownian motion prevents sedimentation or
creaming, hence offering increased stability (Mehta et al.
2009).

In contrast, emulsions are thermodynamically unstable
systems with droplet size larger than 100 nm (Sharma and
Shah 1985). These systems tend to coalescence and creaming
and are optically turbid or milky in color (Rao et al. 2009).

The aim of the present work was to formulate and charac-
terized aqueous microemulsions containing three nonionic
surfactants and geranium EO or geraniol (the EO main con-
stituent) as dispersed phase. We also evaluated the acute and
residual toxicity of emulsions and microemulsions against
larvae from C. pipiens pipiens .

Materials and methods

Compound

Brij 35, Tween 80, Cremophor EL, and Geraniol were pur-
chased from Sigma-Aldrich Commercial. Essential oil namely

geranium was from Swiss-Just (manufactured under supervi-
sion and control of Ulrich Justrich AG, Walzenhausen,
Switzerland).

Insects

Mosquito larvae were collected from a water stagnated area.
Species identification was conducted at the Laboratorio de
Zoología Invertebrados II, UNS, Argentina. The mosquito
larvae were identified as C. pipiens pipiens . The larvae were
maintained under suitable temperature for acclimatization.

Construction of phase diagram

The MEs were formed using five components: geraniol or
geranio EO as the oil phase, a mixture of surfactants
(Cremophor EL, Brij 35, Tween 80; 1:1:2), and double dis-
tilled water as the aqueous phase.

Pseudoternary phase diagrams were constructed keeping
the ratio of surfactants constant and varying the remaining two
components. For convenience, the diagrams were graphed by
drawing “water dilution lines” representing increasing water
content and decreasing surfactants levels. The mixture of
surfactants/oils titrated with water along dilution lines drawn
from the surfactants apex (100%mixture of surfactants) to the
opposite oil side of the triangle (100 % oil). The line was
arbitrarily denoted as the value of the line intersection with the
oil scale (e.g., 20:80, 30:70).

If turbidity appeared followed by a phase separation, the
samples were considered to be biphasic so they were not
graphed in the phase diagram. In contrast, transparent
(monophasic) and low viscosity samples were marked as
points in order to determine the ME region of existence.
Furthermore, the mixtures which correspond to each points
in the diagram were examined by ocular inspection in a cross
polarizer to determine birefringence. The MEs appeared
completely dark when observed under a cross polarizer so
these observations confirm that all of the formulations that
constitute de ME region were optically isotropic colloidal
dispersions.

Droplet size

The average droplet size and the polydispersity index (PDI) of
the MEs were measured by dynamic light scattering (DLS)
using a Zetasizer nano instrument ZEN 3690model (Malvern,
UK). Each measurement was carried out at room temperature
in triplicate.

Transmission electron microscopy

The morphology of the MEs was determined by transmission
electronic microscopy. A drop of the diluted samples was
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transferred onto a carbon-coated copper grid, followed by
negative staining with uranyl acetate solution for 1 min.
After the replica was dried at room temperature, the image
was visualized with a JEOL 100 CX-II electron microscope
(JEOL, Akishima, Tokyo, Japan) at the Centro Científico y
Tecnológico CONICET-Bahía Blanca.

Acute larvicidal activity

Bioassays were performed usingWHO (1996) with four instar
larvae of C. pipiens pipiens . Microemulsions and emulsions
(recorded in Table 1) and geraniol and geranium EO alone
were added to plastic container with 80 ml of tap water.
The concentration ranged from 10 to 130 ppm. Twenty
larvae were placed in each container and were main-
tained at 27±2 °C and 60–70 % RH. After 24 h, the
mortality was registered. Larvae were considered dead,
when they did not react to touching with a needle. Two
different controls were used, ones without treatments
and others using the surfactants alone (in the corre-
sponding ratio). Mortality data were subjected to probit
analysis in order to obtain LD50 and LD99 using SPSS
15.0 statistical software. The LD50 values were consid-
ered significantly different if their 95 % confidence
intervals did not overlap

Residual larvicidal activity

According to Prophiro et al. (2012), residual effect is defined
as the ability to maintain larvicidal dosages lethal to a target
organism for a certain period of time. Various stock solutions
of the emulsion (namely GOH 70 and Ger 70), microemulsion
(GOH 20 and Ger 20), and geraniol and geranium EO were
prepared using the LD99 values and maintained in darkness at
27±2 °C and 60–70 % RH. During 28 days, the larvicidal
effects against four instar larvae of C. pipiens pipiens was
evaluated as above described. Percentage of mortality was
recorded after 24 h.

Results and discussion

Characterization of microemulsions

The phase diagrams of the water/surfactant/oil (geranium EO
or geraniol) at 25 °C are shown in Fig. 1a, b. Only
microemulsion points were plotted, so the shaded area in the
figure referred to the ME region while the outside area indi-
cates multiphase turbid regions. The ME region for geranium
EO was larger than the area of geraniol. This could be due to
the presence of different solubilization enhancers present in
the EO such as short-chain alcohols (Edris and Malone 2013),
which may act as co-surfactants by further reducing the inter-
facial tension also by partitioning between the surfactants
molecules in the interface and changing the curvature of the
interfacial layer (Sottman and Stubenrauch 2008).

In order to analyze the biological activity of the geraniol
and geranium EO formulations, 10 samples were prepared:
five were microemulsions (three were geranium EO MEs and
only two were based on geraniol). The other five mixtures
corresponded to oil/water emulsions (Table 1).

It is known that there is no direct relationship between the
particle size of the emulsified droplets and the physicochem-
ical characteristics of the used surfactants (Chaiyana et al.
2010); so the smallest droplet size that can be achieved is
fundamentally a function of the system composition. The
novel microemulsions obtained in this work included a mix-
ture of three nonionic biocompatible surfactant: a polysorbate
(Tween 80), a polyoxyethylene alkyl ether (Brij 35), and a
polyoxyethylene castor oil (Cremophor El).

Mean particle size and particle size distribution are the
most important parameters in designing a novel formulation
and are routinely the first to be measured. The saturation
solubility and the rate of dissolution are strongly dependant
on particle size and, accordingly, are the biological perfor-
mance, the physical stability, and the shelf life of the product
(these parameters would be improved with small sizes)
(Sasson et al. 2007).

Table 1 General aspects of the
designed formulations Formulation Oil/surfactant relation (g) Diam. size (nm) General properties

GOH 10 % 1:9 8.2 Transparent microemulsion

GOH 20 % 2:8 10.1 Transparent microemulsion

GOH 30 % 3:7 154.1 Turbid emulsion

GOH 35 % 3.5:6.5 356.7 Turbid emulsion

GOH 70 % 7:3 482.6 White emulsion

Ger 10 % 1:9 9.9 Transparent microemulsion

Ger 20 % 2:8 11.1 Transparent microemulsion

Ger 30 % 3:7 13.8 Transparent microemulsion

Ger 35 % 3.5:6.5 186.1 Turbid emulsion

Ger 70 % 7:3 525.3 White emulsion
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A complete picture of the size population and distribution
could be obtained by analysis of data generated by DLS, also
refer as photon correlation spectroscopy, which allows to
measure diameters in the range 3–3000 nm. DLS can also be
used for the determination of the PDI which is the ratio of
standard deviation to mean droplet size (Patel et al. 2013). A
PDI value of 0.1–0.25 indicates a narrow size distribution
whereas a PDI >0.5 indicates a very broad distribution
(Sasson et al. 2007).

The droplet sizes and the macroscopic properties of the
systems are shown in Table 1. The smallest sizes were obtain-
ed with the highest surfactant/oil ratio (9:1). When large
amounts of surfactants are adsorbed to form the interface, a
negative interfacial tension results and energy is available to
increase the interfacial area, effectively reducing the droplets
sizes (Sottman and Stubenrauch 2008).

TheMEs showed dispersed phase diameters in the range of
8 to 14 nm and had low PDI values (<0.2). This indicates the
uniformity of the drops within the formulations that would
approached to monodisperse stable systems which probably
would have an effective larvicidal activity owning to the
largest surface area of the internal oil phase (active ingredient).

The macroscopic properties described in Table 1 depend,
basically, on droplet size and their interactions with the visible
light; it is known that when the dispersed phase diameter is
lower than 20 nm it may be obtained transparent systems, so
no interaction occurred; with higher diameter, the particles can
interact with the light producing optical effects.

The TEM images of GOH 20 and Ger 20 microemulsion
are shown in panels a and b of Fig. 2, respectively. They
revealed that droplet sizes were in nanometric range (accord-
ing with DLS results) and had nearly spherical morphology
with regular distribution.

Insecticidal activity

One of the major drawbacks to the use of chemical insecti-
cides for larval mosquitoes control is the potential risk of
environmental contamination and indiscriminate effects of

nontarget organisms. Many studies have been conducted to
identify safer larvicides, being the EO good candidates for this
purpose. They have the potential of being acute ovicidal,
fumigant, insect growth regulator, and insecticidal against
various insect species (Prajapati et al. 2005) and concurrently
being developed as ecologically sensitive pesticides (Isman
2000). Their physicochemical characteristics facilitate them to
interfere with basic metabolic, biochemical, physiological,
and behavioral functions of insects (Nishimura 2001). Due
to their lipophilic nature, larvicides based on EO have to be
formulated to effectively apply in water.

Consequently, in this work, aqueous microemulsions were
designed where the larvicidal principles (geraniol and gerani-
um EO) were dispersed on a water phase, in order to have high
diluted stability upon application. Moreover, the MEs obtain-
ed are solvent free and based on surfactants with not
ecotoxicity effects due to their high levels of biodegradability
(Chan and You 2010).

The LD50 values for fourth-instar larvae of C. pipiens
pipiens treated with formulation based on geraniol and gera-
nium EO (ME and emulsions) at the end of 24 h are shown in
panels a and b of Fig. 3, respectively. For geraniol formula-
tions, the LD50 values of MEs were close to 32 ppm and no
significant differences were observed between GOH 10 and
20 (P <0.05); the emulsions present significantly higher
values than ME (P <0.05) which were superior to 56 ppm.
The LD50 value for geraniol not formulated was 95.94 ppm
(CI 84.3–107.5). In the case of geranium EOMEs (Ger 10, 20,
and 30), the LD50 values were close to 56 ppm and no
significant differences were observed between them (P <
0.05), while for emulsions the values were significantly higher
than 77 ppm (P <0.05). The LD50 value for geranium EO not
formulated was 89.77 ppm (CI 80.6–95.8).

Probably, the higher toxicity effects produced by ME,
when compared with emulsions, would be due to their small
droplets size which would provide a greater surface area that
improves a better penetration into insect tissues and an effec-
tive distribution of the active ingredient, enhancing the insec-
ticidal activity (Nel et al. 2006, 2009). This effect would be

Fig. 1 Pseudoternary phase
diagram of surfactant (Brij 35,
Tween 80, and Cremophor L),
bidistilled water and a geraniol or
b geranium EO. The shaded area
represents the microemulsion
region
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achieved either by faster penetration by direct contact through
the insect’s cuticle or by ingestion and penetration through the
digestive tract (Margulis-Goshen and Magdassi 2012).
Furthermore, Okonagi and Chaiyane (2012) informed that
the anti-cholinesterase activity of ME based on Zingiber
cassumunar EO was much higher than that of native oil,
exhibiting 20 times higher inhibitory activity.

In addition, these systems have a very high level of
thermodynamic stability. They will be formed spontane-
ously once the right balance between surfactants and

active ingredients is achieved. They would require a min-
imal mixing during manufacture. The stability of the
formulation, apart from reducing the costs of production,
removes all of those issues related to phase separation
experienced with conventional products which could be
seen in the form of creaming in the upper layer or sedi-
mentation in the lower layer. Furthermore, these systems
would provide high dilution stability and would leave no
deposits in spray tanks so they will not cause spray
blockage while being applied.

a bFig. 2 Transmission electron
microscopic image of
microemulsions. a Geraniol;
b geranium EO
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We also observed that geraniol formulations were more
toxic than geranium EO. It is known that geraniol is a mono-
terpene with a high insecticide and repellent activity (Chen
and Viljoen 2010). The toxicological mechanisms of geraniol
(tested in cockroaches) involve neurophysiological effects
(Prince and Berry 2006). Furthermore, geraniol proved to be
effective in repelling mosquitoes (Omolo et al. 2004; Müller
et al. 2009; Qualls and Xue 2009).

In the present work, the residual effects of the ME (Ger 20
and GOH 20), emulsion (Ger 70 and GOH 70) and not
formulated active ingredients were also studied, showing that
the toxicity was time dependent.

The larvicidal effects of geraniol and its formulation are
shown in Fig. 4a. The emulsion was the most effective
reaching total efficiency (100 % mortality) until the 7th day
of storage, and then, it produced more than 50 % mortality
until 25 days after the preparation. In contrast, the geraniol not
formulated produced 81.5 % mortality after the first day of
storage, and then more than 50 % until the 10th day. Finally,
ME only produced 100 %mortality after the first day and then

produced more than 50 % until de 5th day of storage. It is
possible to summarize that 3 days after the suspension was
prepared, the effectiveness for geraniol formulations was
emulsion>geraniol not formulated>ME.

In the bioassays containing geranium EO and its formula-
tions, a different situation was observed (Fig. 4b). The most
effective formulation was the ME producing 100 % mortality
until the 5th day of storage, and then, it produced more than
50%mortality until 21 days after the preparation. On the other
hand, the geranium EO emulsion only produced 100 % mor-
tality after the first day of storage and then producedmore than
50 % until de 5th day of storage. Finally, the geranium EO not
formulated produced 61.55 % mortality after the first day of
storage. For the emulsion and geranium EO not formulated,
no more larval mortality was observed 18 days after the
dilutions preparation of the samples. In conclusion, the effec-
tiveness for geranium EO was ME>emulsion>geranium EO
not formulated.

Considering the previews results, different behaviors of the
systems occurred showing distinct residual toxicological
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profiles: for geraniol, the emulsion was the most effective, and
for geranium EO, the microemulsion was systems with more
residual activity. This could be explained taking into account
the composition of the dispersed phase. Geranium EO con-
tains more than 10 monoterpenes while only one component
constitutes the disperse phase of geraniol formulations. In the
first case, probably, the diversity of internal forces produced
between the monoterpenes and the hydrocarbonated chains of
surfactants may minimize disruption in interfacial region
when the ME samples were diluted. Consequently, this kind
of ME would resist dilution more than those of geraniol.
Possibly, geraniol ME collapse when a great dilution occurred
reducing the toxicological effects expected to the nanoformu-
lation. In consequence, the mortality could be related to the
total amount of geraniol: GOH 70 (213 ppm)>Geraniol not
formulated (156 ppm)>GOH (73 ppm).

To conclude, even in the acute toxicological bioassays, the
geraniol ME were more toxic than those of geranium EO, the
last ones are preferred to be applied as larvicidal formulations
due to their stability after the application.

According with our results and taking into consideration
that the development time for C. pipiens pipiens from egg to
adults is 10–14 days (depending on temperature, humidity,
and photoperiod) (Becker et al. 2010), once the geranium EO
ME would be field applied, the residual toxicity could prob-
ably affect the new generation’s first stage, controlling them
until a new application.

Conclusion

Some properties of the designed microemulsions, such as the
low toxicity surfactant systems, the excellent thermodynamic
stability, and the extremely small droplet size, make these
systems attractive owing to their high levels of biological
efficacy, low environmental and operator impact, and relative-
ly low cost of manufacture. The geraniumEOmicroemulsions
turn out to be the best option for the integrated pest manage-
ment of C. pipiens pipiens , representing a good alternative to
other pesticides for the control of vector-borne diseases.
Consequently, the possibility for employing these aqueous
nanoformulations may warrant further investigation.
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