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Over the past half century, killing of agricultural pests or insect by synthetic chemical pesticides in the field or post-harvest
the crops cause insect resistance and health hazards to man and pollute the environments. There is a great need for developing
alternative approaches to control harmful insect pests. Essential oils (EOs) and their nanoemulsions (NEs) have broad insecticidal
activity against some bests. This study was conducted to investigate toxicological effects of some EOs and their nanoemulsions
on the early life stage (24 hr post-hatch nauplii) of brine shrimp Artemia salina. Oil of four plants (Neem, Eucalyptus, Clove
and Basil) were collected and their NEs either alone or mixed with Neem were prepared and characterized. The diameter of the
nano- particles were 200.1, 211.9, 218,7 and 288.7 nm for Neem, Clove, Basil and Eucalyptus, respectively. All the particles
had negative charge. The average diameters were 266.2, 425.1, and 316.1 for Neem+Clove, Neem +Basil and Neem +Eucalyptus,
respectively and all the prepared nanoemulsion particles have negative charge. It was found that increasing concentrations
of essential oil increased mortality percentage up to 100 %. Moreover, increasing time increased percentage of mortality. The
mortality levels were 100 at concentrations of 24, 20 and 16 % after 24, 48 and 72 hr, respectively. The lethal concentration 50
[LCBO] of these oils and NEs on Arfemia salina nauplii was determined after 24 hours of exposure The LD, of the tested neem
oil was calculated at 50% mortality level. Similarly, effect of different concentrations of neem oil nanoemulsion on percentage
of mortality of Artemia salina nauplii after 24, 48 and 72 hr were determined and compared and increasing concentration of
neem oil nanoemulsion increased percentage of mortality and increasing time increased also the percentage of mortality. From
the previous results, LD, doses for neem oil nanoemulsion were 12, 10 and 8 % after 24, 48 and 72 hr. LD, was calculated
after 24 hr for each oil or nanoemulsion prepared from single or mixed oils. LD, values were ranged from 16-46 % for the
tested oil and from 12-41% for nanoemulsion of essential oils. Neem oil showed the greatest activities against the tested larva.
In conclusion, essential oils of Neem, Eucalyptus, Clove and Basil, applied singly or mixed with neem and their prepared
nanoemulsions have broad insecticidal activity and can be used safely against some insect bests.

OIL, INSECTICIDAL, NEEM, EUCALYPTUS, CLOVE, BASIL, NANOEMULSIONS, LD50.
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Synthetic chemical pesticides are mainly used to treat
many agricultural pests in the field and post-harvest
to protect the crops but with time insect developed a
resistance to the synthetic used pesticides. Resistant
to Malathion, DDT, deltamethrin and bio-pesticides
(Bacillus thuringiensis) was increased which affect
human health and need high operational cost. Moreover,
these synthetic chemical pesticides cause environmental
pollution and many health hazards to warm-blooded
animals. There is a need for developing alternative
materials to inhibit insect and pests (Isman, 2000 a, b;
Yang et al., 2005).Environmental factors may affect the
shelf life of nanoemulsion and phyto-nanoemulsions are
eco-friendly and effective formulation to combat insects
(Sharma et al., 2020).

Therefore, one of the alternative materials with low
impact on environment, and safe for human health is
natural products or secondary metabolites of plants.
More than 2400 plants belonging to 189 families
were found in nature (Rao et al., 2005) and contained
thousands of essential oils and active compounds like
phenolics, terpenoids and alkaloids which may control
insects. Some plants natural products can be used as
pest control agents instead of the used and unsafe
synthetic pesticides. Generally plant essential oils are
considered broad-spectrum insectside that are safe for
the environment due to high biodegradation rate by soil
microbes (Rajendran and Sriranjini, 2008; Devi & Maji,
2011Rodriguez-Gonzélez et al., 2019).

Lipophilic characters of essential oils made it suitable
to be easy used as toxins, feeding deterrents, repellent,
oviposition deterrents to broad diversity of insect pests.
The aims of this study was to detect biological activities
of some essentials oils and their nanoemulsion against
Artemis salina as test organism for their potential
uses as alternative materials to control insects pests.
A wide range of insects were affected by essential oils
and they found that essential oils of Pinus brutia,
Laurus nobilis, Cupressus sempervirens, Lavandula
stoechas, L. angustifolia, Eucalyptus camaldulensis and
Thymus vulgaris were active against many dangerous
insects (Kanat and Hakki Alma, 2003). Also, Sampson
et al. (2005) reported the insecticidal activities of 23 oil
plants as Bifora, Satureja, Coridothymus, Thymbra and
Pimpinella using dosage-mortality bioassays and turnip
aphids as test organisms.

According to Raina et al. (2007) orange oil (containing
~920% d-limonene) caused 96 % mortality to Coptotermes
formosanus within 5 days due to feeding reduction.
Upadhyay et al. (2007) tested 14 oils from Azadirachta
indica, Cinnamomum cassia, Cleome gynandra, Cuminum
cyminum, Carum copticum,, Cymbopogon narudus,
Eugenia aromaticum and Nigella sativa and LC,_ values
were ranged from 0.85-1.25 pl/ml due to inhibition of
oviposition and repellent activity. Ayvaz et al. (2010)
reported that essential oils of Origanum onites, Satureja
thymbra and Myrtus communis can be used as efficient

insecticides. After 24 hr of application, the essential
oils of 0. onites and S. thymbra at 9 and 25 ul/ml
showed inhibitory effects on some insects with 100%
mortality level. Also, the same effect was recorded by
Ebadollahi and Ashouri (2011) for Achillea millefolium,
Artemisia dracunculus and Heracleum persicum with
mortality levels of 100% at 50, 65 and 80 pl/ml. The
LC,, values of some essential oils from A. dracunculus,
A. millefolium and H. persicum were 22.24, 34.80 and
36.96 pl/ml after 24 h and the LC50 values decreased
with increasing exposure times. Essential oils obtained
from Carum carvi and Thymus vulgaris had LD50 of
197 and 250 pg/ cm?, respectively. The Insecticidal
action of Lavandula hybrida, Rosmarinus officinalis and
Eucalyptus globulus oils and of their major constituents
was reported by Papachristos et al. (2004) and with LC, |
values was ranged from 0.8 to 47.1 mg/l.

Application of EOs in industrial, agriculture is difficult
due to their no solubility in water but formation of
nanoemulsions from these oils entranced the solubility.
The use of nanotechnology in agriculture and crop
protection (Khot et al., 2012; Pavela and Benelli, 2016) is
needed to overcome the EOs low water solubility (Donsi
et al., 2012). Encapsulation of EOs in the form of oil-in-
water nanoemulsions (oil droplet <100 nm) could be an
effectively possible solution for the mentioned difficulty
(Suresh-Kumar et al., 2013).The prepared organic
nanoemulsions have drawn a great deal of interest to
different sectors with a great number of applications
in drugs, pharmaceutical, nutraceuticals, food and
agriculture products, and cosmetics formulation. This
study aimed to screening of some essential oil or their
prepared nanoemulsions for insecticidal activities against
using Artimia salina as test organism.

The used essential oils: The essential oils of Neem, Clove,
basil and Eucalyptus were purchased from local markets,
Jeddah.

Preparation of Nanoemulsions: Nanoemulsions from EOs
Neem (Azadirachta indica) Clove (Syzygium aromaticum),
Basil (Ocimum basilicum) and Eucalyptus (Eucalyptus
globulus) were prepared. The NEs were prepared using
the High Pressure Homogenization (HPH) technique
(Nenaah, 2015). The oil samples were diluted with a
large amount of water (ratio 1:100) followed by the
addition of the surfactant mixtures of Tween 80 and
span 20 at a constant ratio of 2:1, respectively. Pre-
emulsions were obtained by high speed stirring using
an Ultra Turrax T25 (IKA Labortechnik, Jahnke und
Kunkel, Germany) at 24,000 rpm for 5 min. Then, the pre-
emulsions were passed 5 times through an orifice high
pressure homogenizer Nano DeBEE Electric Benchtop
Laboratory (BEE International, USA) at 300 MPa. The
resulting Nanoemulsions formulas were stored at room
temperature, 25°C until used.

Detection of size and morphological characterization
of nanoemulsion droplets using Transmission Electron

11 34 TOXICITY OF CRUDE OILS AND THEIR NANOEMULSIONS ON THE VIABILITY

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS



Microscope (TEM): The particle size analysis and
morphology was determined using Transmission Electron
Microscope at King Abdulaziz University, Faculty of
Science. Three different diameters of each particle were
determined and mean value was calculated and standard
deviation (SD) was determined (Nenaah, 2015).

Preparation a mixture of 2 oils: By mixing the
Neem oil with the other tested oils (Clove, Basil, and
Eucalyptus ) at a ratio of 1:1, v/v.

Preparation a mixture of 2 nanoemulsions: Proper
fraction of 2 essential oils at ratio 1.1 and distilled water
were mixing and heated, followed by the addition of
the surfactant mixtures of Tween 80 and span 20 at a
constant ratio of 2:1, respectively. By the addition of the
warm T80 drop wise along with vortexing. The resulted
mixture was heated at high temperature up to 80°C
with continuous mixing until one phase emulsion was
produced. After that, the warm S20 was added drop wise
to the previous mixture with a continuous mixing. This
resulted solution was mixed and heated continuously
until a clear and transparent solution gets formed (Al-
Sowayigh et al., 2019).

Characterization of the prepared NE formulation:
Samples were quantified at 25 + 0.2°C by Zetasizer (3000
HS, Malvern Instruments, Malvern, UK). The oil phase
was assumed to have a refractive index of 1.45 and the
water phase of 1.33. All the produced formulas were
acidic in nature (Al-Sowayigh et al., 2019).

Toxicity test: The cytotoxicity of the purified metabolites
were determined using brine shrimp lethality test
(Meyer et al., 1982). The tested oil in DMSO at varying
concentrations were incubated with the brine shrimp
larvae in sea water, and control brine shrimp larvae were
incubated in a mixture of sea water and DMSO only.
After 24 hr, 48hr or 72 hr the average number of larvae
that survived at each concentration was determined and
LD50 was calculated (Aly and Gumgumji, 2011).

Statistical analysis: All data were expressed as mean
+ standard deviation (+SD). Statistical analysis was
performed with two-way analysis of variance (ANOVA)
and t-test. The statistical significance difference was
considered when p-value<0.05.

Four tested plant oils named Neem, Clove, Basil and
Eucalyptus were collected and their nanoemulsions were
prepared and characterized. The average diameter of
particles were measured using Zetasizer and compared.
The average diameters were 200.1, 211.9, 218,7 and 288.7
nm for Neem, Clove, Basil and Eucalyptus, respectively
(Table 1, Figure 1). All the particles had negative charge.
Similarly, the mixtures of either Clove, Basil or Eucalyptus
with Neem were prepared and their nanoemulsion were
formed and characterized. The average diameters were
266.2, 425.1, and 316.1 for Neem+Clove, Neem +Basil
and Neem +Eucalyptus, respectively (Table 2) and al the

prepared nanoemulsion particles have negative charge.
The average diameters of two mixed nanoemulsions were
higher compared to control oil at p< 0.05.

Figure 1: Particle size and zeta potential distribution of
neem oil NE determined by the Zetasizer.
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Table 1. The physical characterization of the different NE
formulations measured by the Zetasizer.

Formulation z- CVo%= Zeta
average Coefficient potential
diameter of (mV)y’

(nm) variation

Neem 200.1 11.1 -5.25+1.23

Clove 211.9 7.31 -3.09+1.53

Basil 218.7 13.39 -1.27+1.02

Eucalyptus 288.7 19.39 -1.11+1.09

Table 2. The physical characterization of the mixed NE
formulations measured by the Zetasizer.

Formulation z- CV0o= Zeta
average Coefficient potential
diameter of (mV)y

(nm) variation

Neem + Clove 266.2 9.29 -3.22 +1.54

Neem + Basil 425.1 10.40 -1.12+1.24

Neem + 316.1 41.16 -1.19+1.45

Eucalyptus

The effect of different concentrations of neem oil on
percentage of mortality of Artemia salina nauplii
after 24, 48 and 72 hr were determined and compared
(Figure 2). It was found that increasing concentrations
increased mortality percentage up to 100 %. Moreover,
increasing time increased percentage of mortality. The
mortality levels were 100 at concentrations of 24, 20 and
16 % after 24, 48 and 72 hr, respectively. The LD50 of
the tested neem oil was calculated at 50% mortality level
(Figure 3). Similarly, effect of different concentrations
of neem oil nanoemulsion on percentage of mortality
of Artemia salina nauplii after 24, 48 and 72 hr were
determined and compared (Figure 4). As shown in Figure
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4, it is clear that increasing concentration of neem
oil nanoemulsion increased percentage of mortality
and increasing time increased also the percentage of
mortality. From the previous results, LD, doses for neem
oil nanoemulsion were calculated and they were 12, 10
and 8 % after 24, 48 ad 72 hr.

Figure 2: Effect of different concentrations of neem oil
on percentage of mortality of Artemia salina nauplii after
24, 48 and 72 hr.
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Figure 3: LD, of neem oil detected using Artemia salina
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For each tested oil or nanoemulsion, different
concentrations were prepared and LD,  was calculated
after 24 hr for each oil or nanoemulsion prepared from
single or mixed oils. Concerning the tested oil or their
mixture with neem oil, the LD, values were ranged from
16-46 % and the LD, calculated values for nanoemulsion
of essential oils were decreased to be ranged from 12-
41%. The differences between lethal concentrations of
the tested essential oils alone or mixed of two oils and
their prepared nanoemulsions was significant at p< 0.05.
Furthermore, there is a significant difference between the
activities of the tested oils (LSD 11.08) and their prepared
nanoemulsion (LSD 9.9).

There is an increasing request for new active materials
for pest control with low adverse effects on human
health and the environment. Essential oils played
significant roles in plant protection against insect
pests and they were simply extracted, biodegradable,
ecofriendly, safe for the environment, soil and water
with little or no toxicity for man, fishes and birds (Misra
and Pavlostathis, 1997; Isman, 2000a, 2006, Isman and
Machial, 2006; Bakkali et al., 2008). Essential oils was

prepared in dimethyl sulfoxide (DMSO) which is non-
toxic emulsifying agent, enhance the penetration of the
waxy layer (cuticle) of the insect. Thus, essential oils
can act as rapid contact material for insects. The oil
of Eucalyptus possesses a wide spectrum of biological
activity including anti-microbial, fungicidal, insecticidal/
insect repellent, herbicidal, acaricidal and nematicidal
(Batish et al., 2008).

Neem oil is a vegetable oil obtained from the fruits or
seeds of the Azadirachta indica which is known as neem
tree. The evergreen tree of neem is endemic to many
areas in the tropical region. The previous oil has many
uses in agriculture and medicines. Ocimum basilicum
(Basil) and Cymbopogon winterianus (Citronella) essential
oils were used for best control at doses 60 -120 pl/l and
Basil and Citronella oils exhibited similar patterns of
insecticidal activity over the insects (Rodriguez-Gonzalez
et al., 2019).

Figure 4: Effect of different concentration of neem oil
Nanoemusions on the percentage of mortality of Artemia
salina nauplii after 24, 48 and 72 hr.
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Table 3. The calculated LD50 of the tested oils and their
nanoemulsions after 24 hr of incubation.

Tested LD, Tested oil LD50
oil (%) nanoemulsion (%)
(control) (NEs)

Neem 16.7+1.8 Neem 12.4+3.1%
Clove 32.33+1.4 Clove 23.9+2.9%
Basil 59.1+4.6 Basil 41.2+1.9%
Eucalyptus 46.2+6.8 Eucalyptus | 33.3+7.0%
Neem + clove 14.2+1.1 | Neem + clove | 10.1+1.9%
Neem + Basil 40.1+3.5 | Neem + Basil | 30.9+2.9%
Neem + 40.1+7.9 Neem + 23.7+5.1%
Eucalyptus Eucalyptus

LSD : 11.0897 LSD: 9.9812

*: significant results compared to control oil

Eugenol was the major compound of Clove essential
oil which act as a promising alternative insecticidal
material under storage conditions for control insect
pests with 100% mortality level after 48 h with 17.9 -
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35 ul/g. The LC50 was calculated to be 9.45 pl/g for A.
obtectus (Jairoce et al., 2016). Many of the widely used
pesticides which are applied in agricultural had low water
solubility and highly hydrophobicty, thus, they must be
loaded within suitable carrier before use. Several natural
products with insecticidal activity have poor water
solubility, including triterpenes, and nanotechnology has
emerged as a good alternative to solve this main problem
Thus, oil-in-water nanoemulsions were used to prepare
some pesticides to ensure the efficacy, strong surface
adhesion, high penetrability, and many applications.
Nano size of droplets amplifies and affect the biological
behavior of the nanoemulsions; characteristics of ideal
nanoemulsion are low diameter, low viscosity and high
zeta potential. Higher stability is dependent on the
quantity and composition of surfactants. Environmental
factors may affect the shelf life of nanoemulsion and
phyto-nanoemulsions are eco-friendly and effective
formulation to combat insects (Sharma et al., 2020).

Mentha piperita EO nanoemulsion could be easily
prepared through high-energy ultrasonication process
and the formulated nanoemulsions were physically
stable over 12 months, which makes them interesting
candidates for practical applications. EO of M. piperita
could be used to kill cotton aphid A. gossypii pest and
improve food production. The higher concentration of
M. piperita nanoemulsion caused significantly higher
mortality in the adult cotton aphid. Contact toxicity
LC50 of the synthesized nanoemulsion in all formulation
concentrations varied between 3852 and 3941 ppm,
under laboratory conditions (Fernandes et al., 2014).
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