
Introduction

Mosquitoes from Culex genus as an important
vector for many important organisms, known as
ecto-parasites, have a broad geographic distribution
in the world [1,2]. Natural infection of Culex genus
by West Nile virus [3,4], Sindbis arboviruses [5–7],
Dirofilaria immitis [8–10] and Rift Valley fever
virus [11,12] were reported. Same as other member
of Culex genus, Culex theileri Theobald, 1903
(Diptera: Culicidae), as a widespread mosquitoes is
naturally infected by West Nile virus, Rift Valley

fever virus, Dirofilaria immitis and Sindbis
arboviruses too [8–10,13].

In order to control of this potentiality in
transmission of important organisms, use of
pesticides is increasing every day. It has been
estimated that about 2.5 million tons of pesticides
are used on crops each year and the worldwide
damage caused by pesticides reaches $100 billion
annually [14]. The reasons for this are: (a) the high
toxicity and non-biodegradable properties of
pesticides and (b) the residues in soil, water
resources and crops that affect public health [14].
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Thus, searching for replace of chemical pesticides is
necessary in order to firstly solve the problem of
long term toxicity to mammals and secondly to find
environmental friendly pesticides and develop
techniques that can be used to reduce pesticide use
while maintaining crop yields [14].

Biological control of insects and arthropods by
some bacteria is a replaced way to control their
population [15]. For example, the insecticidal
bacterium Bacillus thuringiensis is a Gram-positive
bacterium that produces proteinaceous inclusions
during sporulation [15,16]. These inclusions can be
distinguished as distinctively shaped crystals by
phase-contrast microscopy. The inclusions  are
composed of proteins known as crystal proteins, Cry
proteins, or δ-endotoxins, which are highly toxic to
a wide variety of important agricultural and health-
related insect pests as well as other invertebrates
[15]. Because of their high specificity and their
safety for the environment, crystal proteins are a
valuable alternative to chem ical pesticides for
control of insect pests in agriculture and forestry and
in the home. It has been proposed that the rational
use of Bacillus thuringiensis toxins will provide a
variety of alternatives for insect control and for
overcoming the problem of insect resistance to
pesticides [15]. Adding to biological control of
arthropods by Bacteria, it is seen that natural
products are also excellent alternatives for chemical
insecticides.

Different kinds of plants have been exploited for
their medicinal use from ancient time [17], they are
known as great source of medications and are used
to prevention or treatment of several infections,
diseases and ailments. The use of plant medicines is
widely accepted in all over the world [18]. Also it is
identified that several plants contain compounds
that they use in preventing attack from insects.
These chemicals fall into several categories,
including repellents, feeding deterrents, toxins, and
growth regulators [19].

Ginger (rhizome of Zingiber officinale Roscoe)
is one of the most widely used herbal medications in
oriental medicine against pain, inflammation, stomach
problems, nausea, vomiting, epilepsy, sore throat,
cough, common cold, bruises, wounds, liver
complaints, rheumatism, muscular pains, athero -
sclerosis, migraine headaches, high cholesterol,
ulcers, and etc. [20]. Ginger essential oil can produce
from fresh rhizomes and it has many efficient effects
like antibacterial, antiviral, antifungal and other
properties [21,22].

Also, genus Eucalyptus that knows by over 700
species distributed throughout the world, provides
variety of components extracted from its essential
oil known as acaricide agent [23,24], antimicrobial
and antioxidant activity of eucalyptus essential oil
were also reported [25,26]. Effect of eucalyptus
essential oil on respiratory bacteria and viruses,
traditional use of eucalyptus in treatment of rhino-
sinusitis and anti-diabetic effect of eucalyptus were
identified too [27–29].

In this study insecticidal and repellent activity of
essential oils of Zingiber officinale and Eucalyptus

globulus against Culex theileri Theobald as a wide-
distributed species of Culex genus in different parts
of world including Iran with an important role in
transmission of mentioned organisms were studied.
To the best of author’s knowledge and current date,
there is no study on insecticidal and repellent
activity of Zingiber officinale and Eucalyptus

globulus against Culex theileri Theobald, and this is
the first survey in this way.

Materials and Methods

Extraction of essential oils. Fresh rhizomes of
Zingiber officinale and leafs of Eucalyptus globulus

were used to essential oil extraction. Essential oils
extractions were done separately for each sample
via conventional hydrodistillation method. 150
gram of each sample were crushed and added to
1000 ml distilled water in a round bottom flask. The
flask was heated and the Clevenger apparatus was
attached. The mixture was boiled at 100°C and then
the temperature was reduced to 60°C and kept for 3
h, the recovered mixture was allowed to settle and
finally essential oil was withdrawn for each sample
separately [30]. In order to compare of efficiency of
essential oil, percentage of essential oil yield for
each plants was calculated via below equation.
Essential oil yield (%) = [weight of extracted
essential oil (g)/weight of sample (g)] × 100

Collection of the mosquitoes. Mature
mosquitoes, which were usually flying near the
surface of pools water, were collected from small
pools located near the Zayande-Rood River in the
Saman city, Chaharmahal Va Bakhtiari province,
southwest of Iran (32°27′06″N 50°54′38″E). Insects
were collected by horizontal movement of specific
cylindrical nets (made of light weight metal wires as
skeleton and covered by light weight cotton net with
the approximately size of 1.2 m radius and 1 m
length) near the surface of small pools water.
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Collected mosquitoes were immediately transferred
to specific glass boxes, kept in cool place away from
any chemical agents and sunlight, transferred to
laboratory for experiment. Note that some insects
were injured during the collecting or transferring,
that they were removed for experiment. Totally,
about 3000–3500 health mosquitoes were collected.
In order to confirmed species identification, 100
mosquitoes were chosen randomly and species
identification was done under the laboratory optic
loop via identification keys [31,32]. Differentially,
98% of collected mosquitoes were identified as
Culex theileri Theobald and only about 2% were
identified as Culex pipiens, other species of Culex

genus. In order to deletion of biases in experiment,
collected mosquitoes were immediately examined
after collection. Till the experiments, mosquitoes
were kept in glass boxes within dark place with
25°C temperature and about 60% humidity.

Examination groups. Different concentrations;
250 µl/ml, 500 µl/ml, 750 µl/ml and 1 (undiluted
extract) were prepared for essential oil of Zingiber

officinale and Eucalyptus globulus separately via
combination by different amount of normal saline.
In order to sure of tests validity, recommended
commercial product groups with concentration of
100 mg/ml were prepared via dilution of 25 ml of
Ripcord® (Cypermethrin 40%, Spiagri Company,
Tehran, Iran) in 75 ml normal saline, also negative
control groups were prepared from pure normal
saline without any additive components.

Evaluation of insecticidal activity of essential

oils. In this survey triplicate tests were done for each
treatment, separately and in each replication 100
mosquitoes were examined for evaluation of
insecticidal activity. In order to insecticidal activity
evaluation, health mosquitoes were transferred to
specific glass boxes with same condition including:
temperature (25°C), humidity (about 60%), light
and air circulation for each treatment. Then
prepared concentrations were sprayed into boxes via
small hole in wall of them. For each treatment only
15 puffs were applied. Same spray tools were
prepared from same company and they were used as
disposable tool and specific for each treatment. Note
that all the methods were same for every groups and
replications. After the 30 minutes, percentage of
killed mosquitoes as insecticidal activity of each
treatment were counted, then mean of insecticidal
activity for each treatments were calculated by use
of results of triplicate exams. After examinations, all
of killed mosquitoes were carefully observed under

the optic loop in order to species identification and
if they were other species than Culex theileri

Theobald, then they were deleted from results of
experiments and they were not included in data and
statistical analysis.

Evaluation of the repellent activity of essential

oils. Repellent activity of each treatment against
Culex theileri Theobald was studied by Y-tube
olfactometer bioassay. Y-tube olfactometer consists
of a glass Y-tube with a main arm (the stem) and 2
arms containing one repellent and a control in other
one, where a low rate air movement is created by
sucking the air in the two arms of the Y-tube with a
pump connected to the stem. The essential oil
sample and control are applied on a paper attached
to the arms of the tube. Insects are introduced into
the tube by a hole located at the center (the joint
point of the three tubes). After introduction, the hole
is closed with a rubber stopper and the pump is
operated. After 2 minutes of exposition, the number
of insects on each of the 2 tubes (treated and
control) are scored to assess the percentage of
repellency [33,34]. In this study, 50 mosquitoes
were put into every arm for each replication (totally
100 mosquitoes in two arms) and 10 ml of each
essential oil (undiluted extract) was added into
treated tube and pure normal saline into control
tube. Two minutes after pumping, percentages of
repellent mosquitoes were reported as repellent
activities for treatments, recommended commercial
product and negative control groups. Note that after
each application, Y-tube olfactometer was cleaned,
washed and dried for next examination. Finally,
pure data were analyzed statistically and insecticidal
and repellent activities of each concentration of
essential oils (percent values) were reported.

Statistical analysis. The analyzed data were
expressed as the mean±standard error of the mean
(SEM) using Sigma stat (version 3.1) software.
Groups were compared using one-way ANOVA for
repeated measurements. A value of (P≤0.05) was
considered significant.

Results

Insecticidal activity of essential oils

In this study, percentage of essential oil yield for
Zingiber officinale and Eucalyptus globulus were
0.213% and 0.235%, respectively. Different
concentrations of essential oil of Zingiber officinale

had great insecticidal activity against Culex theileri

Theobald versus negative control groups. There
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were significant differences (P≤0.05) in insecticidal
activity of different concentrations and it is efficacy
was more sensible at the higher concentrations and
highest insecticidal activity was seen at the
concentration of 1 (undiluted extract). Highest
amounts of increases in it‘s insecticidal activity
were observed between concentration of 500 µl/ml
and 750 µl/ml, and between concentration of 750
µl/ml and 1 (undiluted extract). Whole of the
mosquitoes in recommended commercial product
groups were killed due to exposure by chemical
insecticide agent and whole of the mosquitoes in
negative control groups were survived after the
experiment (Table 1).

Considerable values of insecticidal activity of
essential oil of Eucalyptus globulus against Culex

theileri Theobald were also observed. Same as the
ginger, there were significant differences (P≤0.05)
in insecticidal activity of different concentrations of
eucalyptus essential oil and it is efficacy was more

sensible at the higher concentrations and the highest
insecticidal activity was seen at the concentration of
1 (undiluted extract) too. But highest amounts of
increase in it‘s efficacy were observed between
concentration of 250 µl/ml and 500 µl/ml, and
between concentration of 750 µl/ml and 1 (undiluted
extract). Results of negative and recommended
commercial product groups were just like the results
of ginger treatments (Table 1).

Statistical comparison between results of both
groups shows that in the same concentrations,
insecticidal activity of eucalyptus essential oil was
significantly (P≤0.05) higher than ginger, this was
common for all of treatments, and in the whole of
concentrations eucalyptus was more potent than
ginger. This difference was more obvious for
concentration 1 (undiluted extract) of essential oils,
and for this concentration, insecticidal activity of
eucalyptus against Culex theileri Theobald was
about 1.5 fold more than ginger (Fig. 1). 
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Table 1. Insecticidal activity or percentage of killed mosquitoes (mean±SEM)% of different concentration for each
essential oil versus negative and positive control groups

*Presence of different superscript lowercase letters (a-f) shows the significant differences (P≤0.05) between efficacies
of different concentrations (rows) of each essential oil (column).

Groups Zingiber officinalis Eucalyptus globulus

250 µl/ml 19.85±2.33*a, (P=0.024) 27.41±2.75a, (P=0.035)

500 µl/ml 24.39±1.15b, (P=0.027) 39.52±3.06b, (P=0.028)

750 µl/ml 35.62±3.72c, (P=0.035) 46.39±2.78c, (P=0.027)

1 (undiluted extract) 44.98±2.36d, (P=0.026) 66.23±4.02d, (P=0.025)

Negative Control 0e, (P=0.022) 0e, (P=0.039)

Positive Control 100f, (P=0.038) 100f, (P=0.033)  

Table 2. Repellent activity or percentage of repelled mosquitoes (mean±SEM)% of different concentration for each
essential oil versus negative and positive control groups

*Presence of different superscript lowercase letters (a-f) shows the significant differences (P≤0.05) between efficacies
of different concentrations (rows) of each essential oil (column).

Groups Zingiber officinalis Eucalyptus globulus

250 µl/ml 37.26±3.58*a, (P=0.031) 49.67±3.19a, (P=0.025)

500 µl/ml 46.83±2.94b, (P=0.023) 58.75±4.21b, (P=0.038)

750 µl/ml 50.14±1.88c, (P=0.042) 67.03±3.56c, (P=0.029)

1 (undiluted extract) 61.07±3.53d, (P=0.015) 74.16±5.27d, (P=0.036)

Negative Control 5.18±1.69e, (P=0.038) 4.46±0.72e, (P=0.021)



Repellent activity of essential oils

Repellent activity of ginger essential oil against
Culex theileri was different for each concentration,
its efficacy was more at the higher concentrations;
and highest repellent activity was seen at the
concentration of 1 (undiluted extract), also increase
in repellent activity between concentration of 750
µl/ml and 1 (undiluted extract) was more sensible
than others (Table 2). Same results were observed
for eucalyptus essential oil and highest repellent
activity was seen at the concentration of 1
(undiluted extract), but increase in repellent activity
between concentration of 500 µl/ml and 750 µl/ml
was more sensible than others (Table 2).

Comparison between results of both groups
shows that in the same concentrations, repellent
activity of eucalyptus essential oil was significantly
(P≤0.05) higher than ginger, this was common for
all of treatments and in the whole of concentrations,
eucalyptus was more potent than ginger. This
difference was more sensible for concentration
750µl/ml of essential oils, in this concentration,
repellent activity of eucalyptus against Culex

theileri Theobald was about 1.33 fold more than
ginger (Fig. 2).

Discussion

Natural products, such as essential oils which are
produced by the secondary metabolisms of herbs
and are used in human consumption as functional
food, food additives, medicines, nutritional
supplements and the manufacture of cosmetics due
to their properties [35] are good candidates for
replace of chemical products. In this study for the
first time insecticidal and repellent activity of
essential oils of Zingiber officinale and Eucalyptus

globulus against Culex theileri Theobald as a wide-
distributed species of mosquitoes in different parts
of world with an important role in transmission of
zoonosis were studied.

To the best of authors knowledge and current
date, there are no data about insecticidal and/or
repellent activity of any essential oil against Culex

theileri Theobald, but some studies were done about
insecticidal activity of some essential oils against
other members of Culex genus, for example:
larvicidal and repellent properties of some essential
oils against Culex tritaeniorhynchus Giles and
Anopheles subpictus Grassi were studied and
essential oils of Cymbopogan citrates, Cinnamo -
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Fig. 1. Comparison of insecticidal activity (percentage of killed mosquitoes) for different essential oils in different
concentrations. Presence of * in every treatment groups shows the significant differences (P≤0.05) between efficacies
of different essential oils (column) in each treatment group (different concentrations and control groups).
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mum zeylanicum, Rosmarinus officinalis and
Zingiber officinale were identified to have most
effect on examined insects [36]. Results of current
study agree with them and show the considerable
insecticidal and repellent activities against Culex

theileri Theobald for essential oil of Zingiber

officinale and also for essential oil of Eucalyptus

globulus.
In the other study, larvicidal and repellent

activity of essential oil of Zingiber officinale against
Culex quinquefasciatus was studied and it was
reported that essential oil of ginger served as a
potential larvicidal and repellent agent against
Culex quinquefasciatus [37]. Results of current
study agree with them and show the considerable
values of insecticidal/repellent activities for
examined essential oils against Culex theileri

Theobald, too.
Acaricidal and repellent activities of eucalyptus

essential oil were studied against the poultry red
mite, Dermanyssus gallinae (Acari: Mesostigmata)
and it is efficacies were reported about 90% and
94% for acaricidal and repellent activity

respectively [23], in current study insecticidal and
repellent activities of eucalyptus essential oil
against Culex theileri Theobald were determined
about 66% and 74% respectively, that maybe its
lowest performances occurred due to different
resistance between these insects species or due to
different methods of essential oil extraction.

Pesticide and/or repellent activity of eucalyptus
essential oil against Acanthoscelides obtectus (Say)
[38], Culex quinquefasciatus [39], housefly, Musca

domestica [40], Pediculus humanus capitis

(Anoplura: Pediculidae) [41] and Lutzomyia longi -

palpis [42] were reported by different authors.
Results of current study agree with them and show
considerable insecticidal/repellent activity for
eucalyptus essential oil.

Presence of components such as 1,8-cineole,
citronellal, citronellol, citronellyl acetate, p-
cymene, eucamalol, limonene, linalool, a-pinene, g-
terpinene, a-terpineol, alloocimene, andaromaden -
drene in eucalyptus essential oil were reported [43],
which maybe insecticidal and repellent activity of
this essential oil against Culex theileri Theobald are
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different essential oils in different concentrations. Presence of different lowercase 
letters (a-b) in every treatment groups shows the significant differences (P
between efficacies of different essential oils (columns) in each treatment (different 
concentrations and negative control group). 
 

 

Fig. 2. Comparison of repellent activity (percentage of repelled mosquitoes) for different essential oils in different
concentrations. Presence of different lowercase letters (a-b) in every treatment groups shows the significant differences
(P≤0.05) between efficacies of different essential oils (columns) in each treatment (different concentrations and
negative control group).



presented due to presence of these components, but
more studies and GC-MS analysis are need in this
way in order to find the responsible components.

There are little data about insecticidal and/or
repellent activity of ginger essential oil against
insects. Insecticidal, repellent and oviposition-
deterrent activity of ginger essential oil against
Anopheles stephensi and Aedes aegypti [44] and
larvae of Spodoptera littoralis [45] were reported in
different experiments and different amount of
efficacies were reported. Results of current study
agree with them and show insecticidal/repellent
activity of essential oil of ginger against Culex

theileri Theobald.
Presence of bioactive compounds such as:

gingerols, shogaols, diarylheptanoids, phenylbu -
tenoids, flavanoids, diterpenoids and
sesquiterpenoids in ginger essential oil were
reported [46], which maybe insecticidal and
repellent activity of this essential oil against Culex

theileri Theobald are observed because of these
components presence, but more studies and GC-MS
analysis are need in this way in order to find the
responsible components.

Insecticidal and/or acaricidal effect of
Micromeria fruticosa L., Nepeta racemosa L. and
Origanum vulgare L. (Lamiaceae) essential oils
against Tetranychus urticae Koch and Bemisia

tabaci Genn were reported in other study [47]. Also
it is identified that essential oils of Cuminum

cyminum, Pimenta dioica and Ocimum basilicum

have different values of acaricidal effects against the
cattle tick Rhipicephalus (Boophilus) microplus

[48]. Acaricidal activity of essential oils of Lippia

graveolens, Rosmarinus officinalis, and Allium

sativum against Rhipicephalus microplus were also
identified [49]. Acaricidal properties of Artemisia

absinthium and Tanacetum vulgare essential oils
against Tetranychus urticae Koch were also studied
[50]. Whole of mentioned studies are showed that
plants essential oils are excellent candidates for
replace of chemical pesticides. Results of current
study agree with them and show the considerable
values of insecticidal and repellent activities against
Culex theileri Theobald for essential oils of
Zingiber officinale and Eucalyptus globulus.
Results of current study and similar studies show
that essential oils can be considered as good
replaces for chemical insecticidal and or repellent
agents.

In conclusion, in current study eucalyptus
essential oil had the highest insecticidal (66%) and

repellent (74%) activates against Culex theileri

Theobald and for ginger essential oil insecticidal
and repellent activities was 39% and 62%,
respectively. This study shows considerable values
of insecticidal and repellent activity against Culex

theileri Theobald for both of essential oils, so they
can be considered as potent lethal/repellent agents
for biological control of mosquitos, but more studies
are need for this purpose. Study on lethal/repellent
activity of other plants essential oils against Culex

theileri Theobald and study on insecticidal activity
of these essential oils in the field condition can be
considered as a subject for next experiments can be
considered as a subject for next experiments.
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