Annual Research & Review in Biology
10(6): 1-9, 2016, Article no.ARRB.28432
ISSN: 2347-565X, NLM ID: 101632869

SCIENCEDOMAIN international
www.sciencedomain.org

The Role of Plant Essential Oils in Mosquito
(Diptera: Culicidae) Control
M. E. Aline Noutcha1, Nsirim I. Edwin-Wosu2, Regina E. Ogali3
and Samuel N. Okiwelu1*
1

Entomology and Pest Management Unit, Department of Animal and Environmental Biology,
University of Port Harcourt, Nigeria.
2
Department of Plant Science and Biotechnology, University of Port Harcourt, Nigeria.
3
Department of Pure and Industrial Chemistry, University of Port Harcourt, Nigeria.
Authors’ contributions

This work was carried out in collaboration between all authors. Author MEAN conducted the literature
searches, wrote the first draft and effected the reviewers’ corrections. Author NIEW produced the
families of plant species yielding essential oils. Author REO classified the major constituents of
terpenoids. Author SNO conceived the title and wrote the final manuscript. All authors read and
approved the final manuscript.
Article Information
DOI: 10.9734/ARRB/2016/28432
Editor(s):
(1) George Perry, Dean and Professor of Biology, University of Texas at San Antonio, USA.
Reviewers:
(1) Akobi Oliver Adeyemi, Federal Medical Centre, Bida, Niger State, Nigeria.
(2) Khalid Shawky Hamadah, Al-Azhar University, Egypt.
Complete Peer review History: http://www.sciencedomain.org/review-history/15921

th

Review Article

Received 19 July 2016
Accepted 14th August 2016
th
Published 25 August 2016

ABSTRACT
Approximately half of the world’s population is at risk of malaria, and about 250 million deaths are
reported annually. There are two strategic approaches to malaria management: prevention (vector
control, drug prophylaxis and potential use of vaccines) and treatment (drugs, blood transfusion,
etc). The use of botanicals, specifically essential oils is an alternative to the current use of
synthetics and pyrethroids. Essential oils can be used as larvicides and repellents. The major
constituents of those that have been used in mosquitoes are mainly terpenoids (Acyclic
Monoterpenoids, Monocyclic Monoterpenoids, Sesquiterpenoids, Bicyclic Monoterpenoids,
Diterpenoid). Earlier, in vitro physicochemical assays characterized most of them as antioxidants.
However, recent studies suggest that at least in part, the encountered beneficial effects of essential
oils are due to pro-oxidant effects at the cellular level. Approximately 40 plant species in about 10
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families dominated by Labiateae (Lamiaceae) and Asteraceae, have provided essential oils for
experimental studies as larvicides and repellents to mosquitoes. Results from both studies have
been very promising. LC50s varied across plant and mosquito species and across geographical
locations within plant species. In repellency tests, RD50 also varied across plant and mosquito
species. Some of these essential oils are promising candidates as larvicides in Integrated Vector
Management (IVM) in Malaria Management that combines: Indoor Residual Spraying (IRS), use of
Insecticide-Treated Net (ITN) and larviciding. As repellents, they will contribute to the reduction in
human-mosquito contact, an important component of protection, a strategic approach to malaria
management.

Keywords: Essential oils; terpenoids; labiateae; control; mosquitoes.
in reducing malaria transmission is: reducing
the life span of female mosquitoes so that
they can no longer transmit malaria
parasites, and reducing the density of
vectors [7]. Although formulations have
improved, most IRS formulations last less
than 4 months [3]. Currently, the main
classes of insecticides used for vector
control are organophosphates, carbamates,
organochlorines and pyrethroids.

1. INTRODUCTION
Currently, the risk of contracting arthropod-borne
diseases has increased due to climate change
and globalization [1]. Malaria, a life-threatening
disease transmitted by mosquitoes is still a major
health problem, affecting children and adults
around the world, especially in tropical countries.
About 3.3 billion people, half of the world’s
population is at risk of the disease. Annually, 250
million cases and nearly one million deaths are
reported [2]. Four subgenera of Anopheles are
involved in the transmission of human malaria
parasites across 12 Epidemiologic zones globally
[2].

Efforts are being made to expand the number of
classes. An initiative, the Innovative Vector
Control
Consortium
(IVCC),
a
Product
Development Partnership, aims to reduce peridomestic pathogens through improved vector
control with innovative products. Several studies
have identified the range and function of olfactory
receptors in the mosquito, with the long-term
aiming to develop new attractants and repellents
that could play an operational role in vector
control [8-9]. An Integrated approach to Vector
Management (IVM), comprising IRS, ITN and
larviciding, has been recommended by the World
Bank [10].

There are two main strategic approaches for
malaria management:
(a) Malaria prevention (Vector Control, Drug
prophylaxis and potential use of vaccine) and
(b) treatment (drugs, blood transfusion,
among others) [3]. Due to the absence of an
operational vaccine, parasite resistance to
anti-malarial drugs, and resistance of malaria
transmitting mosquitoes to insecticides,
alternative methods for disease control are
vital [4]. Two forms of vector control, IRS
(Indoor Residual Spraying) and ITN
(Insecticide-Treated Net) are generally
applicable for reducing disease transmission
[3]. The use of insecticide-treated nets
(ITNs), especially pyrethroid-based has been
widely promoted, not because they are more
powerful but because they are simpler and
potentially less demanding than IRS [5].
However, they are potentially more
vulnerable to insecticide resistance as only
pyrethroid insecticides are recommended for
use on ITNs, owing to toxicity and efficacy
concerns [6]. IRS is the application of stable
formulations of insecticides to the inside of
houses to kill resting adult female
mosquitoes. The primary contribution of IRS

2. PLANT-DERIVED
(BOTANICALS)

INSECTICIDES

Using plant derivatives or botanical insecticides
is one of the alternatives. Their use in agriculture
dates back to ancient times. Isman [11]
enumerated four major types of botanical
products used for insect control (Pyrethrum,
Rotenone, Neem, Essential oils), along with
three others in limited use (Ryania, Nicotine,
Sabadilla). While botanicals are now a small part
of the overall pesticide market, due to
replacement
by
synthetics,
the
new
environmental movement has provided a
favourable environment for the re-birth of
botanical insecticides. Public resistance to
adoption of Genetically Modified Organisms
(GMOs) is another factor favouring alternative
2
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control measures such as the use of
biopesticides [11]. Botanicals have certain
advantages and probably an equal number of
disadvantages. The advantages of botanical
insecticides lie in their rapid degradation and lack
of persistence and bioaccumulation in the
environment, which have been the major
problems in synthetics. The diversity of
phytochemicals in botanical extracts is also
useful. Redundancy is the presence of numerous
analogues of one compound and is known to
increase efficacy of extractives in metabolism of
compounds and prevent the evolution of
insecticide resistance when selection occurs
over several generations [12]. Despite these
advantages, there are major challenges:
economical supply of plants products, quality
control, lack of stability and costly toxicology
testing for new products which may have limited
Intellectual Property (IP) Protection and a
relatively small market [12].

phenol-derived aromatic compounds. The rapid
action against some pests is indicative of a
neurotoxic mode of action, and there is evidence
for interference with the neuromodulator
octopanine [14-15] by some oils and with GABAgated chloride channels by others [16]. In vitro
physicochemical assays characterize most of
them as antioxidants [17]. However, recent
studies show that in eukaryotic cells, essential
oils can act as pro-oxidants affecting inner cell
membranes and organelles such as mitochondria
[17]. Depending on the type and concentration,
they exhibit cytotoxic effects on living cells but
are usually non-genotoxic. In some cases,
changes in intracellular redox potential and
mitochondrial dysfunction induced by essential
oils can be associated with their capacity to exert
anti-genotoxic effects. These findings suggest
that at least in part, the encountered beneficial
effects of essential oils are due to pro-oxidant
effects at the cellular level [17].

3. PLANT ESSENTIAL OILS

4. SOURCES AND CONSTITUTENTS OF
ESSENTIAL OILS IN MOSQUITOES

Plant essential oils are produced commercially
from several botanical sources, many of which
are of the mint family, Labiateae (Lamniaceae)
[11]. The oils are generally composed of complex
mixtures of monoterpenes biogenetically related
phenols and sesquiterpenes [11]. A number of
the sources from plants have been traditionally
used for protection of stored commodities,
especially in the Mediterranean region and in
Southern Asia, but interest in the oils was
renewed with emerging demonstration of their
fumigant and insecticidal activities to a wide
range of pests in the 1990s [13]. Certain plant
oils, widely used as fragrances and flavours in
the perfume and food industries, have long been
reputed to repel insects. Investigations in the
past 3-4 decades in several countries confirm
that some plant oils not only repel insects but
have contact and fumigant insecticidal actions
against specific pests, and fungicide actions
against important plant pathogens [13]. Essential
oils possess a wide spectrum of biological
activities including anti-microbial, fungicidal,
insecticidal,
insect
repellant,
herbicidal,
acaricidal, and nematicidal. Since the middle
ages, essential oils have been widely used
for bactericidal, insecticidal, fungicidal, antiparasiticidal, medicinal and cosmetic applications
especially in pharmaceutical, sanitary, cosmetic,
agricultural and food industries. Since the mode
of extraction is mostly by distillation from
aromatic plants, they contain a variety of volatile
molecules such as terpenes and terpenoids,

The major constituents of essential oils used in
mosquito control, either as larvicides or
repellents were: linalool, Geranial, β-Citronella,
Eucalyptol,
Perilladehyde,
Grandisol,
Cuminaldehyde,
Limonene,
Carvone,
Piperifenone oxide, Carvacrol, Thymol, Terpinen4-ol, P-Cymene, α-Pinene, Camphene, αThujone, Camphor, Fenchone, α-Clemene, αGurjunene,
Patchoulol,
Allylbenzenes
(Phenylpropenes), Eugenol, Methyl eugenol,
Methyl Chavicol (Estragiol), trans-Anethol,
Asaricin and 16-Kaurene [18-34]. These
compounds can be classified as either terpenes
or
generally
terpenoids
(which
include
hydrocarbons
and
other
derivatives).
Classification of terpenoids is based on the
number of isoprene units (C5H8) (Table 1) [35].
These essential oils occur in about 10 families,
dominated by Labiateae (Lamiaceae) and
Asteraceae [36-45] (Table 2).

5. EFFECTS OF ESSENTIAL OILS ON
MOSQUITOES
Plant essential oils have been used on different
species of mosquitoes, including Culex pipiens,
Culex quinquefasciatus, Anopheles arabiensis,
Anopheles gambiae s.s., Anopheles gambiae
s.l., Anopheles braziliensis, Anopheles dirus,
Anopheles cracens, Aedes aegypti and Aedes
alobopictus. They have been used as arvicides
[18,19,24-27,29-33,46-50], repellents [4,18,20,
3
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33,48,51-54], adulticides [55] and ovicides [56].
Essential oils have also been shown to be antiplasmodial [30,57]. As larvicides, the LC50s, after
24 hrs varied across plant and mosquito species.
On Aedes aegypti, the LC50s after 24 hrs, varied
from 140.2 mg/L (Rutaceae) [33] to 28.4-56.7
µg/ml
(Cupressaceae)
[27],
54
µg/ml
(Piperaceae-P. hostmaninum) [47], 156 µg/ml
(Piperaceae- P. humatanum) [47] and 36 ug/ml
(P. permucronatum) [47]. On Aedes albopictus,
the LC50s, after 24 hrs, varied from 40.8-144.4
µg/ml (Lauraceae) [25], to 51.2-57.9 µg/ml

(Cupressaceae) [27]. The LC50, after 24 hrs, on
Anopheles stephensi was 12.8 ppm (Asteraceae)
[21]. On Culex pipiens, the LD50s, after 24hrs,
varied from 61.25 µg/L (Labiateae-Melissa
officinalis) [29] to 78.28 µg/L (Labiateae- Mentha
longifolia) [29], 57.85 µg/L (Labiateae- Mentha
spicata) [29], 91.45 µg/L (Labiateae- Salvia
fructosa) [29] and 79.46 µg/L (Labiateae- Salvia
pamifera) [29]. In Culex quinquefasciatus,
the LC50s, after 24 hrs, varied from 43.6
µg/ml (Labiateae- Thymus satureoides) to 32.9
µg/ml
(Labiateae-Thymus
vulgaris)
[58].

Table 1. Classification of terpenoids
Monoterpenoids (C10H16 and compounds)
Acyclic Monoterpenoids
Linalool
3,7-Dimethyl-1,6-octadien-3-ol
Geranial
3,7-Dimethyl-2,6-octadienal
β-Citronella
Mixture of (Citronellol) 3,7-Dimethyl-6-octen-1-ol and
Geranial
Monocyclic Monoterpenoids
Eucalyptol (same as 1,8-Cineol)
1,8-Epoxy-p-menthane
Perillaldehyde
4-Mentha-1,8-dien-7-al
Grandisol
Cis-2-isopropenyl-1-methylcyclobutane ethanol
Cuminaldehyde
4-isopropylbenzaldehyde
Limonene (a precursor to carvone)
4-Isopropenyl-1-methylcyclohexene (p-Mentha-1,8-diene)
Carvone
5-Isopropenyl-2-methyl-2-cyclohexenone
Piperitenone oxide (Carvone oxide) Carvone oxide
Carvacrol (isomeric with thymol)
5-Isopropyl-2-methylphenol
Thymol
2-Isopropyl-5-methylphenol
Terpinen-4-ol
4-Hydroxy-4-isopropyl-1-methylcyclohexene
p-Cymene
4-Isopropyltoluene (an alkylbenezene related to
monoterpene)
Bicyclic Monoterpenoids
α-Pinene
Bicyclomonoterpene
Camphene
Bicyclomonoterpene
α-Thujone
4-Methyl-1-isopropylbicyclo[3.1.0]hexan-3one
Camphor
Bicylcomonoterpenoid (has a keto group)
Fenchone (norbornanone)
Bicylcomonoterpenoid (has a keto group)
Sesquiterpenoids (C15H24 and compounds)
α-Elemene
α-Gurjunene
Patchoulol
Viridiflorol
Caryophyllene oxide
Eugenol
4-Allyl-2-methoxyphenol (5-Allyl-2-hydroxyanisole)
Methyl eugenol
4-Allyl-1,2-dimethoxybenzene
Methylchavicol (Estragol)
4-Allylanisole
trans- Anethol
p-Propenylanisole [1-Methoxy-4-(1-propenyl)benzene]
Asaricin
5-Methoxy-6-(2-propenyl)-1,3-benzodioxide
Allylbenzenes (Phenylpropenes) – can also be considered as monoterpenoids because of the
number of isoprene units – they are C10H16 compounds.
Diterpenoids (C20H32 and compounds)
16-Kaurene
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Table 2. Families of plants whose essential oils were used on mosquitoes
s/n
1
2
3
4

Scientific names
Achillea millefolium Linn.
Cinnamommum verum JS Presl
Clausena anisata (Wild.) Hook. f.
Conyza sumatrensis (Retz.) E.H.
Walker
Cryptomeria japonica (Thunb ex
L.F.) D. Don.
Cymbopogon citratus (DC) Stapf.
Dendropanax morbifera Leveille
Eucalyptus camalduensis Mehn
Eugenia uniflora Linn.
Foeniculum sp. Mill
Helichrysum foetidum Linn. Moench

Families
Asteraceae
Lauraceae
Rutaceae
Asteraceae

Common names
Yarrow, tea plant
Cinnamon tree
Clausena
Horse weed, fleabane

Cupressaceae

Red wood, Cypress

Poaceae
Araliaceae
Myrtaceae
Myrtaceae
Apiaceae
Asteraceae
Labiateae
Verbenaceae
Labiateae
Labiateae
Myrtaceae
Labiateae
Piperaceae
Labiateae

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Lavandula coronipifolia Poir.
Lippia muliflora Moldenke
Melisa officinalis Linn
Menthe sp. Linn.
Myrthus sp. Linn.
Ocimum basilicum Linn.
Piper guineensis Schum. & Thonn.
Plectranthus assurgens (Bak.) JK
Morton
Rosemarinus officinalis Linn.
Salvia splendens Ker-Grawl
Satureja robusta (Hook. f) Brenan
Tagetes patulus Linn.
Tarchonanthus camphoratus Linn.
Tetradeca indet
Teucrium politum Linn.
Thymus vulgaris Linn.
Carapa procera Dc.
Khaya senegalensis (Desr) A. Juss.
Sesamum indicum Linn.
Duranta repens Linn.
Croton macrostachyus
Ipomoea cairica (L.) Sweet
Momordica charantia Linn.
Tridax procumbens L.
Lantana camara Linn.
Hyptis suaveolens (L.) Poit.
Litsea cubeba Linn.

Lemon grass
Ginseng
Gum plant
Suriname cherry
Sweet fennel
Stinking straw flower, everlasting
flower, licorice plant
English lavender
Scented matgrass, tea bush
Common balm
Mint plant
Myrtle
Sweet basil, mint plant
Black pepper
Mexican mint

Labiateae
Labiatae
Labiateae
Asteraceae
Asteraceae
Asteraceae
Labiateae
Labiateae
Meliaceae
Meliaceae
Pedaliaceae
Verbenaceae
Euphorbiaceae
Convolvulaceae
Cucurbitaceae
Asteraceae
Verbenaceae
Labiateae
Lauraceae

39

Melaleuca leucadendron Linn.

Myrtaceae

40

Nepeta cataria L.

Labiateae

5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Mentha oil was most promising against
Anopheles stephensi and Aedes aegypti,
recording LC50 values of 39.74 and 46.23 ppm
respectively for larvicidal activity. Calamus oil
was the most effective against Culex
quinquefasciatus with LC50 value of 40.40 ppm

Rosemary plant
Kitchen sage
Summer savory
Aztec marigold, African marigold
Camphor plant
Wood sage, American germander
Thyme
Kind Oil tree
Mahogany
Beniseed
Mosquito plant/
Golden Drewberg
Mile-a-minute/coastal morning glory
Bitter melon
Coat buttons
Wild sage
Spikenard
Exotic Verbena, Tropical verbena,
Chinese pepper
Cajuput tree, Fine leaf melaleuca,
Punk tree, Swamp tea tree, White
tea tree, White wood
Catnip, Catswort, Catmint

for larvicidal activity [49]. The repellent activity of
Lantana camara using the method of “separated
arm” was evaluated against Anopheles
stephensi. The LD50, after 24 hrs, was 61 ppm
[56]. Essential oils from five plant species (Piper
sarmentosum, Foeniculum vulgare, Curcuma
5
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longa,
Myristica
fragrans,
Zanthoxylum
piperitum) were evaluated against Anopheles
cracens [59]. The strongest larvicidal potential
was from P. sermentosum, followed by F.
vulgare, C. longa, M. fragrans and Z. piperitum
with LD50 values of 16.03, 32.77, 33.61, 40.00
and 63.17 ppm respectively. Binary mixtures
between P. sarmentosum and the others at the
highest ratio proved to be highly efficacious with
cotoxicity coefficient value greater than 100,
indicating synergistic activity [59].

that repelled 50% of the population, while RD50
was the dose that repelled 50% of the
population. Furthermore, when seedlings of C.
newii were propagated in seven different
geographical regions of Kenya, they exhibited
significant variations in the relative proportions of
the constituents and this was reflected in
differences in repellency of the essential oils [61].
Concentrations of 10% or 50% essential oils from
Cybopogon nardus (Citronnella), Pogostemon
cablin (Patchuli), Syzgium aromaticum (Clove)
and Zanthoxylum limonella (Makaen) used
against Culex quinquefasciatus, Anopheles dirus
and Aedes aegypti did not prevent mosquito
bites for as long as 2 h, but the undiluted oils
were the most effective and provided 2 h
complete repellency. Clove oil gave the longest
duration of 100% repellency (2-4 h) against all
species [62]. DEET, at concentrations of 20% or
more showed the best efficacy, providing to 10h
protection against Aedes aegypti. Citriodora
(plant-derived) repellency against Aedes aegypti
was lower. Differences occurred within genera.
Aedes aegypti proved more difficult to repel than
Aedes albopictus. Results with Anopheles
gambiae were similar. Culex quinquefasciatus
was easier to repel. Many plant-based repellents
provide short duration protection. Adding 5%
vanillin to plant-based and DEET repellents
increased protection by about 2 h. The
differences in LC50 and LD50 values may be
partly associated with variations in experimental
environmental conditions [54].

-5

As repellents, the RD50 (x 10 ) of essential oils to
Anopheles gambiae varied from 8.9/cm2
2
(Asteraceae) to 26 mg/cm (Verbenaceae- Lippia
2
javonica), 8.9/cm (Labiaceae), 240 mg/cm2
(Asteraceae- Tarchonathus camphoratus), 50
2
mg/cm (Asteraceae- Tarchonathus riparia)[20].
In repellency tests with three major mosquito
vectors, Anopheles stephensi (Liston), Aedes
aegypti (Linnaeus) and Culex quinquefasciatus
(Say), the five most effective oils were Litsea
(Litsea
cubeba),
Cajeput
(Malaleuca
quinquenervia), Violet (Viola odorata) and Catnip
(Nepeta cataria), which induced a protection time
of 8h at the maximum and 100% repellency
against these vectors [60]. The 1%v/v solution
and 15%v/w cream and ointment of lemongrass,
Cybopogon oil, exhibited ≥50% repellency,
lasting 2-3 h against Aedes aegypti, which may
be attributed to citral, a major constituent. This
activity was comparable to that of a commercial
mosquito
repellent.
Base
properties
of
lemongrass oil formulation influenced their
effectiveness [51]. The essential oils of Ipomoea
cairica, Momordia charantia and Tridex
procumbens exhibited high repellency effect
(>300 minutes at 6% concentration) against
Anopheles stephensi, followed by Contella
asiatica and Psidium guajava, which showed less
effect (<150 minutes at 6% concentration).
However, the ethanol-applied arm served as
control and provided 8.0 minutes repellency [33].
Volatile oils from Croton pseudopulchellus
Pax., Mkilua fragrans Verde (Annonaceae)
Endostemon tereticaulis (Poir) Ashby, Ocimum
forskolei Benth, Ocimum fischeri Guerke and
Plectransthus longipes Baker (Labiateae) from
the Kenyan coast were evaluated for repellency
on forearms of human volunteers against
Anopheles gambiae s.s. All oils were found to be
-5
2
more effective RC50 range-0.67-9.21x10 mg/cm
than DEET [52] (RC50 – 33x10-5mg/cm2).
Essential oil of Conyza newii Oliv. & Hiern
(Asteraceae) from northern Kenya was highly
repellent to Anopheles gambiae s.s. (RD50 =
-5
2
8.9X10 mg/cm ). RC50 was the concentration

Essential oils have also shown ovicidal and
adulticidal activities. The LD50 of Lantana camara
oil on eggs was 53.59 ppm. Hyptis suoveolens
and Ocimum camum exhibited repellent activities
against adult mosquitoes. The most effective was
H. suaveolens with a 50% efficacy at a
concentration level of 67 ppm. The results
suggest that those essential oils have a potential
for vector control and can be considered as a
source of natural and environmental-friendly
substances for malaria vector control [56].

6. CONCLUSION
Using plant derivatives (botanicals) is one of the
alternatives to persistent, non-target, very toxic
synthetics. Essential oils are a group of
botanicals. In addition to the general advantages
of botanicals, redundancy, presence of
numerous analogues of one compound, which is
known to increase efficacy by synergism and
slows the onset of insecticide resistance is a
characteristic of essential oils. The major
6
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constituents are terpenoids in those that have
been used as larvicides or repellents against
mosquitoes. Sources are from several plant
species across more than 10 families dominated
by the Labiateae (Lamiaceae) and Asteraceae.
They have been found effective as larvicides.
Repellency tests have shown these oils as
providing protection for several hours, and in
some cases comparable to the protection from
synthetic DEET. Essential oils are therefore
useful in larviciding, an approach advocated by
the World Bank, to complement Indoor Residual
Spraying (IRS) and the use of an Insecticide
Treated Net in an Integrated Vector Management
(IVM). As repellents, essential oils reduce
human-mosquito contact, ensuring protection,
one of the two strategic approaches to malaria
control.

10.
11.

12.

13.

14.

COMPETING INTERESTS
Authors have
interests exist.

declared

that

no

15.

competing

REFERENCES
1.

2.
3.

4.

5.

6.

7.
8.

9.

Zoubiri S, Baaliouamer A. Potentiality of
plants as source of insecticide principles. J
Saudi Chem Soc. 2014;18:925-938.
WHO
World
Malaria
Report
WHO/HTM/GMP/2008.I
Enayati A, Hemingway J. Malaria
management: Past present and future. Ann
Rev Entomol. 2010;55:569-591.
Ndiege I, Omol M, Odal J, Simiyu S,
Mayeku P, Seyoum A, Odyek O,
Hassanali A. Bio-prospective for botanical
mosquito repellents from East African flora.
Acta Tropica Abstract. 2005;95S.
WHO
RBM
partnership
consensus
statement on insecticide treated netting
and indoor residual spraying; 2004.
Available:http://rollbackmalaria.org/partner
ship/wg/wg.itn/docs/RBMWINStatementve
ctor.pdf
Zaim M, Aitio A, Nakashima N. Safety of
pyrethroid-treated mosquito nets. Med Vet
Entomol. 2000;14:1-5.
WHO Guidelines for the treatment of
malaria. WHO/HTM/MAL. 2006;1108.
Hill CA, Fox AN, Pitts RJ, Kent LB, Tin
PLG.
Protein-coupled
receptors
in
Anopheles gambiae. Science. 2002;298:
176-178.
Hill N, Lengler A, Arnez AM, Carneiro I.
Plant-based
insect
repellent
and
insecticide-treated bednets to protect

16.

17.

18.

19.

20.

21.

7

against malaria in areas of early evening
biting vectors: Double blind randomized
placebo controlled clinical trial in Bolivian
Amazon. Br Med J. 2007;335:1023.
World Bank/WHO integrated vector
management.
Isman
MB.
Botanical
insecticides,
deterrents and repellent in modern
agriculture and an increasingly regulated
world. Ann Rev Entomol. 2006;51:45-66.
Arnason JT, Sims SR, Scott IM. Natural
products from plants as insecticides.
Phytochem & Pharmacog UNESCOECLOSS Report.
Isman MB. Plant essential oils for pest and
disease management. Crop Prot. 2000;19:
603-608.
Enan E. Insecticidal activity of essential
oils: Octopaminergic sites of action. Comp
Biochem Physiol. 2001;130C:325-337.
Kostyukovsky M, Rafaeli A, Glead C,
Demcheriko N, Shanya E. Activation of
octopaminergic receptors by essential oil
constituents isolated from aromatic plants:
Possible mode of action against insect
pests. Pest Manag Sci. 2002;58:11011106.
Priestley CM, Williamson EM, Wafford KA,
Sattelle DB. Thymol a constituent of thyme
essential oil is a positive allosteric
modulator of human GABA, receptors and
a homo-oligomeric GABA receptor from
Drosophila melanogaster. Br J Pharmacol.
2003;140:363-372.
Bakkali F, Avebeck S, Averbeck D,
Idaomar M. Biological effects of essential
oils- A review. Food Chem Toxicol.
2008;46(2):446-475.
de Paula JP, Gomez-Carneiro MR,
Paumgarhen FJR. Chemical composition,
toxicity and mosquito repellency of
Ocimum selloi oil. J Ethnopharmacol.
2003;88:1235-1240.
El-Shazly AM, Hussein KT. Chemical
analysis of the essential oils of Teuerium
leucacladum Boiss (Lamiaceae). Biochem
Syst Ecol. 2004;32:665-674.
Omolo MO, Okinyo O, Ndiege IO, Lwande
W, Hassanali A. Repellency of essential
oils of some Kenyan plants against
Anopheles gambiae. Phytochem. 2004;
65(20):2797-2802.
Dharmagadda VSS, Naik SN, Mittal PK,
Vasudevan P. Larvicidal activity of Tagetes
putula essential oil against three mosquito
species. Biores Technol. 2005;32:665-674.

Noutcha et al.; ARRB, 10(6): 1-9, 2016; Article no.ARRB.28432

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

De Mendonca FAC, Da Silva KFS, Dos
Santos KK, Junior KAIR, Sant Ana AEG.
Activities of some Brazilizn plants against
larvae of the mosquito Aedes aegypti.
Fitoterapia. 2005;76:629-636.
Lima M, da CI, Lemos TLG, Pessoa ODI,
Santiago GMP, Matos FJA, Ariaga AMC,
de
Oliveira
JPP,
Santana
AEG.
Composition and biological activities of
Lippia affgracillis essential oil. Chem Nat
Compounds. 2008;44(2):254-256
Autran ES, Neres LA, da Silva CSB,
Santos GKN, da Camara CAG, Navaro
DMAF. Chemical composition, oviposition
deterrent and larvicidal activities against
Aedes aegypti of essential oils from Piper
marginatum jaca (Piperaceae). Biores
Technol. 2009;100:2284-2288.
Cheng SS, Liu JY, Huang CG, Hsui YR,
Chen WJ, Chang ST. Insecticidal activities
of leaf of essential oils from Cinnamomum
osmophloem against three mosquito
species. Biores Technol. 2009a;100:457464.
Cheng SS, Huang CG, Chen YJ, Yu JJ,
Chen
WJ,
Chang
ST.
Chemical
composition and larvicidal activities of leaf
essential oils from eucalyptus species.
Biores Technol. 2009b;100:453-456.
Cheng SS, Chua MT, Chang EH, Huang
CG, Chen WJ, Chang ST. Variations in
insecticidal
activity
and
chemical
compositions of leaf essential oils from
Cryptomeria japonica at different ages.
Biores Technol. 2009c;100:465-470.
Chung JM, Seo SH, Kang EY, Park SD,
Park WH, Moon HI. Chemical composition
and larvicidal effects of essential oils of
Dendropanax morbifera against Aedes
aegypti. Biochem Syst and Ecol. 2009;37:
470-473.
Koliopoulos E, Pitarokili D, Kioulos E,
Michaelakis A, Tzakou O. Chemical
composition and larvicidal evaluation of
Mentha, Salvia and Melissa essential oils
against the West Nile mosquito Culex
pipiens. Parasitol Res. 2010;107:327-335.
Tchoubougnang F, Zollo P, Dagne E,
Aminut A, Mekannen Y. Composition and
in vitro antimalarial activities of essential
oils from three piper species grown in
Cameroon.
Acta
Tropica
Abstract.
2005;95S.
Pavela R. Larvicidal effects of some EuroAsiatic
plants
against
Culex
quinquefasciatus (Say) larvae (Diptera:

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.
44.
45.
46.

8

Culicidae). Parsitology Reasearch. 2009a;
105:887-892
Conti B, Canade A, Bertoli A, Gozzini F,
Pistelli I. Essential oil composition and
larvicidal activity of six Mediterranean
aromatic plants against the mosquito
Aedes albopictus (Diptra: Culicidae).
Parasitology Research. 2010;107:14551481.
Rajkumar S, Jebanesan A. Repellent
activity of selected plant essential oils
against the malaria fever mosquito
Anopheles stephensi. Trop Biomed. 2007;
24(2):71-73.
Edwin-Wosu NL, Okiwelu SN, Noutcha
MAE. Traditional sources of mosquito
repellents in Southeast in Nigeria. J
Biopest. 2014;6(2):104-107.
Finar I. Organic Chemistry, "Terpenoids"
V2 Ch. 8; Wikipedia.org/terpenes. 1981;
354-462.
Available:www.epharmaognosy.comclassificationofterpenoids
Hutchinson J, Dalziel JM. Flora of West
Tropical Africa, Vol. 1. (Part 1.) Crown
Agents for oversea government and
administrations, Millbank London; 1954.
Hutchinson J, Dalziel JM. Flora of West
Tropical Africa, Vol. 1. (Part 2.) Crown
Agents for oversea government and
administrations, Millbank London; 1958.
Hutchinson J, Dalziel JM. Flora of West
Tropical Africa, Vol. 2. Crown Agents for
oversea government and administrations,
Millbank London; 1963.
Hutchinson J, Dalziel JM. Flora of West
Tropical Africa, Vol. 3. (Part 1) Crown
Agents for oversea government and
administrations, Millbank London; 1968.
Hutchinson J, Dalziel JM. Flora of West
Tropical Africa, Vol. 3. (Part 2.) Crown
Agents for oversea government and
administrations, Millbank London; 1972.
Burkill HM. Useful Plant of West Tropical
Africa, Vol. 1 (2ed.). Royal Botanic
Garden, Kew, London; 1985.
Burkill HM. Useful Plant of West Tropical
Africa, Vol. 2 (2ed.). RBG, K, Lon; 1994.
Burkill HM. Useful Plant of West Tropical
Africa, Vol. 3 (2ed.). RBG, K, Lon; 1995.
Burkill HM. Useful Plant of West Tropical
Africa, Vol. 4 (2ed.). RBG, K, Lon; 1997.
Burkill HM. Useful Plant of West Tropical
Africa, Vol. 5 (2ed.). RBG, K, Lon; 2000.
Hussein AI. Characterization and biological
activities of essential oils of some species
of Lamiaceae. PhD thesis, University of

Noutcha et al.; ARRB, 10(6): 1-9, 2016; Article no.ARRB.28432

Agriculture Faisalabad, Pakistan. Leb Sci
literature review. Travel Med Infect Dis
J. 2009;7:13-22.
2013;11(6):374-411.
47. de Morais SM, Facando VA, Bertini LM, 55. Massebo F, Tadesse M, Balkew M,
Cavalanti ESB, Junior JF, Dos A, Ferreira
Gebee-Michael T. Bioactivity of essential
SA, deBrito ES, deSouza Neto MA.
plants against adult Anopheles arabiensis
Chemical composition and larvicidal
(Diptera: Culicidae) in Ethiopia. Adv Biosci
activity of essential oils from Piper species.
Biotechnol. 2013;4:805-809.
Biochem Syst Ecol. 2007;35:670-675.
56. Wangrawa DW, Badili A, Guelbeogo WM,
48. Karamoorthi K, Ilango K. Larvicidal activity
Kiendrebego M. Nebie RCH, Sagnon H,
of Cymbopogon citratus (DC) Stapf. and
and Sagnon. Biological activities of four
Croton macrostatchyus Deh. against
essential oils against Anopheles gambiae
Anopheles arabiensis Patton, a potential
in Burkina Faso and their in vitro inhibition
malaria vector. Euro Rev Med Pharmacol
of acetylcholinesterase. Int J Biol Chem
Sci. 2010;14:57-62.
Sc. 2015;9(2):793-802.
49. Manimaran A, Cruz MJJ, Muthu C, Vincent 57. Titanji V, Zofou D, Ngemenya MN. Malaria
S, Ignacimuthu S. Larvicidal effects of
treatment in african folk medicine: An
some essential oils against Culex
investigation on medicinal plant products
quinquefasciatus (Say), Aedes aegypti (L)
used in Cameroon. 13th International
Congress on Infectious Diseases; 2008.
and Anopheles stephensi (Liston). Adv
58. Pavela R. Larvicidal property of essential
Biosci Biotechnol. 2012;3:855-862.
oils against Culex quinquefasciatus (Say)
50. Massebo F, Tadesse M, bakele T, Balkew
(Diptera: Culicidae). Indus Crops Products.
M, Gebre-Michael T. Evaluation of
2009b;30:311-315.
larvicidal effects of essential oils of some
local plants against Anopheles arabiensis 59. Initrach B, Junkum A, Tuetun B,
Chouchote W, chaithong U, Jitpakdi A,
Patton and Aedes aegypti Linnaeus
Riyong D, Champakaew D, Pitasawat B.
(Diptera: Culicidae) in Ethiopia. Afr J
Chemical constituents and combined
Biotech. 2009;8:4183-4188.
larvicidal effects of selected essential oils
51. Oyedele AO, Gbolade AA, Sosan MB,
against Anopheles cracens (Diptera:
Adewoyin FB, Soyelu OL, Orafidiya OO.
Culicidae). Hindawi Publishing CorporaFormulation of an effective mosquitotion. Psyche. 2012;11. Article ID 591616.
repellent topical product from lemongrass
60. Amer A, Mehlhorn H. Repellency effect of
oil. Phytomed. 2002;9(3):259-262.
forty-one essential oils against Aedes,
52. Odalo JO, Omolo MO, Malebo H, Angira J,
Culex,
and
Anopheles
mosquitoes.
Njeru PM, Ndiege IO, Hassanali A.
Parasitol Res. 2006;99(4):478-490.
Repellency of essential oils of some plants
from the Kenyan coast against Anopheles 61. Mayeku WP, Omolo NI, Odalo OJ,
Hassanali A. Chemical composition and
gambiae. Acta Tropica. 2005;95(3):210mosquito repellency of essential oil of
218.
Conza newii propagated in different
53. Pohlit AM, Lopez NP, Gana RA, Tadei WP,
geographical locations of Kenya. Med Vet
Neto VF. Patent literature on mosquito
Entomol. 2014;28(3):253-256.
repellent inventions which contain plant
essential oils- a review. Planta Med. 62. Trongkoti Y, Rongsriyan Y, Komalamisra
N,
Apiwathnasom
C.
Comparative
2011;77(6):598-617.
repellency of 38 essential oils against
54. Lupi E, Hartz C, Schlagenhauf P. The
mosquito bites. Photother, Res. 2006;
efficacy of repellents against Aedes,
19(4):303-309.
Anopheles, Culex and Ixodes spp. - a
_________________________________________________________________________________
© 2016 Noutcha et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/15921

9

