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Currently, the use of synthetic chemicals to control insects and arthropods raises several concerns related
to environment and human health. An alternative is to use natural products that possess good efficacy
and are environmentally friendly. Among those chemicals, essential oils from plants belonging to several
species have been extensively tested to assess their repellent properties as a valuable natural resource.
The essential oils whose repellent activities have been demonstrated, as well as the importance of the
synergistic effects among their components are the main focus of this review. Essential oils are volatile
mixtures of hydrocarbons with a diversity of functional groups, and their repellent activity has been
linked to the presence of monoterpenes and sesquiterpenes. However, in some cases, these chemicals
can work synergistically, improving their effectiveness. In addition, the use of other natural products
in the mixture, such as vanillin, could increase the protection time, potentiating the repellent effect of
some essential oils. Among the plant families with promising essential oils used as repellents, Cymbopo-
gon spp., Ocimum spp. and Eucalyptus spp. are the most cited. Individual compounds present in these mix-
tures with high repellent activity include a-pinene, limonene, citronellol, citronellal, camphor and
thymol. Finally, although from an economical point of view synthetic chemicals are still more frequently
used as repellents than essential oils, these natural products have the potential to provide efficient, and
safer repellents for humans and the environment.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

By definition, repellents are substances that act locally or at a
distance, deterring an arthropod from flying to, landing on or biting
human or animal skin (or a surface in general) (Blackwell et al.,
2003; Choochote et al., 2007). Usually, insect repellents work by
providing a vapor barrier deterring the arthropod from coming into
contact with the surface (Brown and Hebert, 1997). Among them,
essential oils, complex mixtures of volatile compounds isolated
from a large number of plants, have been found to have these prop-
erties against various haematophagous arthropods, some of them
being the basis of commercial repellent formulations (Curtis
et al., 1989).

Repellent research was highly motivated due to the loss of
effectiveness presented in formulations used by military personnel
during the Second World War. Consequently, thousands of repel-
lent candidates were screened; and some synthetic repellents were
ll rights reserved.
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developed (Dethier, 1956). Today, worldwide consumption of syn-
thetic repellents has increased to prevent losses in stored grains,
fruits and other cellulosic materials infested by various pests, most
of them arthropods. A similar situation occurs for human and ani-
mal health, where insecticides used to control vectors that trans-
mit parasites or pathogens, many of them resistant to these
chemicals, will have to be employed in larger amounts, due to
the changes in global temperatures. In fact, global warming has
moved the mosquitoes that transmit malaria, yellow fever and
dengue into some temperate and higher altitudes, affecting people
who are vulnerable to these diseases. It has been predicted an in-
crease from approximately 45–60% in the proportion of the world’s
population living within the potential zone for malaria transmis-
sion (EPA, 1997). Synthetic chemicals have been developed in
order to protect human from mosquito bites, being DEET (N,N-
diethyl-m-toluamide) not only a broad spectrum repellent, but
also the most effective and persistent on skin (Isman, 2006).
Although used by 30% of the US population, it may cause environ-
mental and human health risks; additionally (Pitasawat et al.,
2003). Therefore, there has been an increase in search efforts for
natural and eco-friendly repellents. Some plant-based repellents
are comparable to, or even better than synthetics; however, essen-
tial oil repellents tend to being short-lived in their effectiveness,
which depends on their volatility. Moreover, synthetic repellents

http://dx.doi.org/10.1016/j.biortech.2009.07.048
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generally tend to be more effective and/or longer lasting than nat-
ural products (Fradin and Day, 2002; Collins et al., 1993).

Over the last 50 years, thousands of plants have been screened
as potential sources of repellents and insecticides (Sukumar et al.,
1991). A search of SCOPUS Database for articles published from
1976 to April 2008, with terms related to repellency of essential
oils has demonstrated an increasing interest on finding natural
alternatives to synthetic repellents, due to the rising on the num-
ber of publications every year (from 56 in 1976–2000 to 125 in
April 2001–2008). Furthermore, among the papers reviewed, most
bioassays were done for Diptera species, in particular those ones
belonging to the genus Aedes, Anopheles and Culex, which are re-
lated to diseases of public health concern such as malaria, yellow
fever, dengue and viral encephalitis. Coleopteran insects related
to losses in stored food have been less researched and, to a lesser
extent, on repellent assays with essential oils.

Currently, the US Environmental Protection Agency (US EPA)
has registered citronella, lemon and eucalyptus oils as insect repel-
lent ingredients for application on the skin; these natural products
are been frequently used due to their relative low toxicity, compa-
rable efficacy, and customer approval (Katz et al., 2008). However,
it is important to keep in mind that, in general, natural products
used in pest control are not always safer than synthetic ones; most
of them have not been assayed for effectiveness and safety (Trum-
ble, 2002), some others have presented adverse drug reactions, and
in many cases the available literature is incomplete and sometimes
contradictory (Foster et al., 2005). It is frequently found that
although essential oils can have promising properties as insect
repellents, such as those isolated from the Australian species Dac-
rydium franklini and Melaleuca bracteata, those can be unsuitable
for use because they can cause skin irritation (Jacobson, 1966).
Similar observations have been made for the rosemary oil, which
can cause contact dermatitis and contribute to occupational asth-
ma. In response to these concerns, it has been suggested that when
using these products for insect repellency or control, the prepara-
tion should be rubbed on a small portion of skin to determine if
there will be an allergic reaction before treating your whole body
(Trumble, 2002).

The review presented here focuses on the examination of the
main sources of essential oils currently used as repellents, explor-
ing the known relationships between oil components and repellent
activity, and revising the synergistic effects obtained with these
mixtures. The papers used for this review, were chosen by search-
ing, until April 2008, on major databases such as Scopus, Science
direct, Pubmed and Interscience; using ‘‘essential oils” and ‘‘repel-
lent activity” or ‘‘repellency” as keywords.
2. Essential oils

Essential oils (EO) are complex mixtures of volatile organic
compounds produced as secondary metabolites in plants; they
are constituted by hydrocarbons (terpenes and sesquiterpenes)
and oxygenated compounds (alcohols, esters, ethers, aldehydes,
ketones, lactones, phenols and phenol ethers) (Guenther, 1972).
They frequently are responsible for the distinctive odor of plants.
Approximately 3000 essential oils are known, and 10% of them
have commercial importance (FAO, 1995) in the cosmetic, food,
and pharmaceutical industries. Thus, they are generally recognized
as safe by the US Food and Drug Administration (Trongtokit et al.,
2005). Their composition may vary considerably between aromatic
plant species and varieties, and within the same variety from dif-
ferent geographic areas (Zygadlo and Juliani, 2003).

A large number of EO extracted from different families has been
shown to have high repellency against arthropod species; some
representative examples are presented in Table 1. Among EO-pro-
ducing plants, some genus such as Cymbopogon spp., Eucalyptus
spp. and Ocimum spp. have been widely studied.

Cymbopogon plants have been traditionally used to repel mos-
quitoes in jungle regions such as the Bolivian Amazon (Moore
et al., 2007). This genus produces the most used natural repellents
in the world (Trongtokit et al., 2005). Many extracts and essential
oils isolated from these plants have been tested against different
kinds of arthropods. Cymbopogon excavatus gave 100% repellency
for 2 h, when it was evaluated in the laboratory against Anopheles
arabiensis and its repellency decreased to 59.3% after 4 h (Govere
et al., 2000). Cymbopogon winterianus oil, mixed with 5% vanillin,
gave 100% protection for 6 h against Aedes aegypti, Culex quinque-
fasciatus and Anopheles dirus, results compared to those observed
with 25% DEET (N,N-diethyl-3-methylbenzanmide) (Tawatsin
et al., 2001). The oil of Cymbopogon martinii martinii provided
100% repellency for 12 h against Anopheles mosquitoes in a field
test which was carried out by using pairs of volunteers who sat to-
gether, one of whom was treated with the oil while the other was
not (Ansari and Razdan, 1994). Cymbopogon citratus has been for-
mulated successfully in liquid paraffin solution (Oyedele et al.,
2002). In contrast, Cymbopogon nardus oil evaluated against Cydia
pomonella (Lepidoptera) (Landolt et al., 1999), as well as C. nardus
and Cymbopogon flexuosus against Lasioderma serricorne (cigarette
beetle), were inactive.

Repellent properties of essential oils and extracts from genus
Eucalyptus are also well documented. These presented high repel-
lency against Ixodes ricinus, Aedes albopictus, Mansonia and P. hum-
anus capitis (Jaenson et al., 2006; Yang and Ma, 2005; Hadis et al.,
2003; Toloza et al., 2008); low activity to A. aegypti and larvae of C.
pomonella (Trongtokit et al., 2005; Gillij et al., 2008; Landolt et al.,
1999), and no effect on L. serricorne (cigarette beetle) (Hori, 2003).
Repellents based on eucalyptus oils have been formulated and eval-
uated against Leptoconops biting midges (Carroll and Loye, 2006).

Oils extracted from the genus Ocimum spp. have been tradition-
ally used as repellents (Padilha de Paula et al., 2003). Ocimum
americanum volatile oil was shown to repel A. aegypti, A. dirus
and C. quinquefasciatus, under cage conditions, for up to 8 h
(Tawatsin et al., 2001); an ethanolic solution of Ocimum selloi oil
(10% v/v) seemed to be very effective in repelling Anopheles brazili-
ensis (Padilha de Paula et al., 2003); and liquid paraffin solutions of
Ocimum gratissimum L. and Ocimum basilicum L. oils exhibited a
high bite-protection (Gbolade et al., 2000). However, O. basilicum
did not result effective against L. serricorne and C. pomonella (Hori,
2003; Landolt et al., 1999).
3. Metabolites responsible for repellent activity

Some monoterpenes such as a-pinene, cineole, eugenol, limo-
nene, terpinolene, citronellol, citronellal, camphor and thymol are
common constituents of a number of EO described in the literature,
as presenting mosquito repellent activity (Ibrahim and Zaki, 1998;
Jaenson et al., 2006; Park et al., 2005; Yang et al., 2004). Among
sesquiterpenes, b-caryophyllene is most cited as a strong repellent
against A. aegypti (Gillij et al., 2008). Although repellent properties
of several EO regularly appear to be associated with the presence of
monoterpenoids and sesquiterpenes (Kiran and Devi, 2007;
Jaenson et al., 2006; Sukumar et al., 1991), other authors (Odalo
et al., 2005) have found that phytol, a linear diterpene alcohol,
has high repellent activity against Anopheles gambiae. Moreover,
the oxygenated compounds phenylethyl alcohol, b-citronellol, cin-
namyl alcohol, geraniol, and a-pinene, isolated from the essential
oil of Dianthus caryophyllum, showed strong repellent activities
against ticks (I. ricinus) (Tunón et al., 2006).

The metabolites isolated from Baccharis salicifolia, and some
derivatives prepared from germacrone and pulegone by reducing



Table 1
Plant essential oils that have shown high repellency to arthropod species.

Animal Species used in repellence studies Essential oil used as repellent Reference

Order Scientific name Plant source Family plant Part used Country

Diptera Anopheles annularis Mentha piperita Lamiaceae Fresh leaves India Ansari et al. (2000)
Diptera Anopheles culicifacies Mentha piperita Lamiaceae Fresh leaves India Ansari et al. (2000)
Diptera C. quinquefasciatus Mentha piperita Lamiaceae Fresh leaves India Ansari et al. (2000)
Diptera A. aegypti Z. piperitum Rutaceae Dried Fruits Thailand Choochote et al. (2007)
Diptera Culex pipiens Pimpinella anisum Umbelliferae Seed Turkey Erler et al. (2006)
Diptera Culex pipiens O. basilicum Lamiaceae Dried foliage Turkey Erler et al. (2006)
Diptera Culex pipiens Eucalyptus camaldulensis Mirtaceae Dried fruits Turkey Erler et al. (2006)
Diptera A. aegypti Baccharis spartioides Compositae N.I. Argentina Gillij et al. (2008)
Diptera A. aegypti Aloysia citriodora Verbenaceae N.I. Argentina Gillij et al. (2008)
Diptera Mansonia Eucalyptus maculate citriodon Mirtaceae Leaves Ethiopia Hadis et al. (2003)
Diptera A. gambiae Croton pseudopulchellus Annonaceae N.I. Kenya Odalo et al. (2005)
Diptera A. gambiae Mkilua fragrans Annonaceae N.I. Kenya Odalo et al. (2005)
Diptera A. gambiae Endostemon tereticaulis Labiateae N.I. Kenya Odalo et al. (2005)
Diptera A. gambiae Ocimum forskolei Labiateae N.I. Kenya Odalo et al. (2005)
Diptera A. gambiae Ocimum fischeri Labiateae N.I. Kenya Odalo et al. (2005)
Diptera A. gambiae Plectranthus longipes Labiateae N.I. Kenya Odalo et al. (2005)
Diptera A. gambiae Conyza newii Compositae N.I. Kenya Omolo et al. (2004)
Diptera A. gambiae Tarchonanthus camphoratus Compositae N.I. Kenya Omolo et al. (2004)
Diptera A. gambiae Tetradenia riparia Labiatae N.I. Kenya Omolo et al. (2004)
Diptera A. gambiae Lippia javanica Verbenaceae N.I. Kenya Omolo et al. (2004)
Diptera A. gambiae Lippia ukambensis Verbenaceae N.I. Kenya Omolo et al. (2004)
Diptera A. gambiae Plectranthus marrubioides Labiatae N.I. Kenya Omolo et al. (2004)
Diptera A. aegypti C. citratus Poaceae fresh aerial parts Nigeria Oyedele et al. (2002)
Diptera A. braziliensis O. selloi Lamiaceae Leaves Brazil Padilha de Paula et al. (2003)
Diptera Anopheles stephensi O. basilicum Lamiaceae Leaves India Prajapati et al. (2005)
Diptera A. aegypti O. basilicum Lamiaceae Leaves India Prajapati et al. (2005)
Diptera C. quinquefasciatus O. basilicum Lamiaceae Leaves India Prajapati et al. (2005)
Diptera Anopheles stephensi Rosmarinus officinalis Lamiaceae Shoot India Prajapati et al. (2005)
Diptera A. aegypti Rosmarinus officinalis Lamiaceae Shoot India Prajapati et al. (2005)
Diptera C. quinquefasciatus Rosmarinus officinalis Lamiaceae Shoot India Prajapati et al. (2005)
Diptera Anopheles stephensi Cinnamomum zeylanicum Lauraceae Bark India Prajapati et al. (2005)
Diptera A. aegypti Cinnamomum zeylanicum Lauraceae Bark India Prajapati et al. (2005)
Diptera C. quinquefasciatus Cinnamomum zeylanicum Lauraceae Bark India Prajapati et al. (2005)
Diptera Culex. quinquefasciatus C. citratus Graminae N.I. India Pushpanathan et al. (2006)
Diptera C. quinquefasciatus Zingiber officinalis Zingiberaceae Rhizomes India Pushpanathan et al. (2008)
Diptera C. quinquefasciatus Moschosma polystachyum Lamiaceae Fresh leaves India Rajkumar and Jebanesan (2005)
Diptera C. quinquefasciatus Solanum xanthocarpum Solanaceae Fresh leaves India Rajkumar and Jebanesan (2005)
Diptera A. dirus Curcuma longa L. Zingiberaceae Rhizomes Thailand Tawatsin et al. (2001)
Diptera Cx. quinquefasciatus C. winterianus Poaceae Leaves Thailand Tawatsin et al. (2001)
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Diptera Cx. quinquefasciatus O. americanum Lamiaceae Leaves Thailand Tawatsin et al. (2001)
Diptera C. quinquefasciatus Z. limonella Rutaceae Leaves Thailand Trongtokit et al. (2005)
Diptera A. dirus Z. limonella Rutaceae Leaves Thailand Trongtokit et al. (2005)
Diptera A. aegypti Pogostemon cablin Lamiaceae Commercial Thailand Trongtokit et al. (2005)
Diptera C. quinquefasciatus Pogostemon cablin Lamiaceae Commercial Thailand Trongtokit et al. (2005)
Diptera A. dirus Pogostemon cablin Lamiaceae Commercial Thailand Trongtokit et al. (2005)
Diptera A. aegypti Syzygium aromaticum Myrtaceae Commercial Thailand Trongtokit et al. (2005)
Diptera C. quinquefasciatus Syzygium aromaticum Myrtaceae Commercial Thailand Trongtokit et al. (2005)
Diptera A. dirus Syzygium aromaticum Myrtaceae Commercial Thailand Trongtokit et al. (2005)
Diptera A. aegypti Z. limonella Rutaceae Leaves Thailand Trongtokit et al. (2005)
Diptera A. aegypti C. nardus Poaceae Leaves Thailand Trongtokit et al. (2005)
Diptera A. albopictus E. globulus Myrtaceae Commercial Product Commercial Product Yang and Ma (2005)
Diptera A. aegypti D. caryophyllum Caryophyllaceae Flowers Sweden Tunón et al. (2006)
Ixodida A. aegypti D. caryophyllum Caryophyllaceae Flowers Sweden Tunón et al. (2006)
Coleoptera T. castaneum Nigella sativa Ranunculaceae Dried fruits India Chaubey (2007)
Coleoptera T. castaneum Trachyspermum ammi Umbelliferae Dried fruits India Chaubey (2007)
Coleoptera T. castaneum Anethum graveolens Umbelliferae Dried fruits India Chaubey (2007)
Coleoptera T. castaneum B. salicifolia Asteraceae Aerial parts Argentina García et al. (2005)
Coleoptera T. castaneum Artemisia annua Asteraceae Root India Goel et al. (2007)
Coleoptera L. serricorne Perilla frutesncens Labiatae Leaves Japan Hori (2003)
Coleoptera L. serricorne Thymus vulagris Labiatae Leaves, Flowers and Stem Japan Hori (2003)
Coleoptera L. serricorne Satureia hortensis Labiatae Spike Japan Hori (2003)
Coleoptera L. serricorne Mentha piperita Labiatae Leaves Japan Hori (2003)
Coleoptera L. serricorne Cinnamomum casia Lauraceae Bark Japan Hori (2003)
Coleoptera L. serricorne Litsea cubeba Lauraceae Fruits Japan Hori (2003)
Coleoptera L. serricorne Perilla frutesncens Labiatae Leaves Japan Hori (2003)
Coleoptera Acanthoscelides obtectus Laurus nobilis Lauraceae Immature fruits N.I. Papachristos and Stamopoulos (2002)
Coleoptera Acanthoscelides obtectus Rosmarinus officinalis Labiatae Flowering shoots N.I. Papachristos and Stamopoulos (2002)
Coleoptera Acanthoscelides obtectus E. globulus Myrtaceae Leaves N.I. Papachristos and Stamopoulos (2002)
Coleoptera Acanthoscelides obtectus Juniperus oxycedrus Cupressaceae Leaves N.I. Papachristos and Stamopoulos (2002)
Coleoptera Acanthoscelides obtectus Lavandula hybrida Labiatae Whole flowering plants N.I. Papachristos and Stamopoulos (2002)
Coleoptera Acanthoscelides obtectus Mentha microphylla Labiatae Whole flowering plants N.I. Papachristos and Stamopoulos (2002)
Coleoptera Acanthoscelides obtectus Mentha viridis Labiatae Whole flowering plants N.I. Papachristos and Stamopoulos (2002)
Coleoptera Acanthoscelides obtectus Apium graveolens Umbelliferae Stems and leaves N.I. Papachristos and Stamopoulos (2002)
Coleoptera Callosobruchus maculatus O. basilicum Lamiaceae Fresh leaves Turkey Pascual and Ballesta (2003)
Coleoptera T. castaneum Artemisia vulgaris Asteraceae Fresh leaves China Wang et al. (2006)
Lepidoptera C. pomonella (larvae) Ruta graveolens Rutaceae N.I. USA Landolt et al. (1999)
Lepidoptera C. pomonella (larvae) Allium sativum Alliaceae N.I. USA Landolt et al. (1999)
Lepidoptera C. pomonella (larvae) Pogostemom cablin Laminaceae N.I. USA Landolt et al. (1999)
Lepidoptera C. pomonella (larvae) Tanacetum vulgare Asteraceae N.I. USA Landolt et al. (1999)
Phthiraptera P. humanus capitis Mentha pulegium Labiatae Dried Leaves Argentina Toloza et al. (2006)
Isoptera Coptotermes formosanus Calocedrus macrolepis Cupressaceae Heartwood Taiwan Cheng et al. (2007)
Isoptera Coptotermes formosanus Cryptomeria japonica Cupressaceae Sapwood Taiwan Cheng et al. (2007)
Isoptera Coptotermes formosanus Chamaecyparis obtusa Cupressaceae Leaves Taiwan Cheng et al. (2007)
Thysanoptera Thrips tabaci Rosmarinus officinalis Lamiaceae N.I. N.I. Koschier and Sedy (2003)

N.I. Information is not available.
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the C@C and C@O bonds, were evaluated against Tribolium castane-
um. The most repellent compounds were hydroxyl-containing a-
terpineol, pulegol and germacrol. However, perhydrogermacrone,
dihydropulegone (germacrone and pulegone hydrogenation deriv-
atives), b-pinene and germacrene did not show any activity. This
suggests that the hydroxyl group positively affects the repellent
activity against T. castaneum (García et al., 2005).

Toloza et al. (2006) evaluated the repellent activity of 16 essen-
tial oils from native and exotic Argentine plants and 21 isolated
metabolites; 3 alcohols (benzyl alcohol, menthol and thymol) were
found as the most effective towards Pediculus humanus capitis.
Omolo et al. (2004) and Odalo et al. (2005), evaluated the repellent
activities of 12 Kenyan plants from different genus against A. gam-
biae (Diptera), and some pure metabolites extracted from them.
The most effective repelling chemicals were perillyl alcohol, cis-
verbenol, cis-carveol, geraniol, citronellal, perillaldehyde, caryo-
phyllene oxide, carvacrol, 4-isopropylbenzenemethanol, thymol,
3-carene and myrcene. These belong to different structural types
such as sesquiterpenoid, diterpenoid and acyclic, monocyclic and
bicyclic monoterpenoids.

Most of the arthropod-repellent compounds mentioned in the
previous discussion are oxygenated, having the hydroxyl group
linked to a primary, secondary or aromatic carbon. It is important
to note that for some metabolites with the hydroxyl group linked
to a tertiary carbon (linalool, a-terpineol and limonene), such
activity is suppressed against A. gambiae, suggesting the possibility
that the type of carbon where the hydroxyl substitution is present
modulates repellency.

Other studies indicate that terpenoids containing two func-
tional groups are biologically active as mosquito repellents. Repel-
lent activities of 20 synthesized terpenoids with two functional/
substituent groups (one negatively charged end containing either
ester/ether bonds or an ethanol hydroxyl group, and one positively
charged end containing alkane groups) were assessed. A computa-
tional model revealed that the positive end is more favorable for
receptor interactions (Wang et al., 2008). The magnitude of the po-
sitive charge characterizes the electrophilic nature of the group
(Ma et al., 1999), consequently the repellent–receptor interactions
are most likely related to electrophilic interactions. The model
developed by Wang et al. (2008) showed that molecular descrip-
tors such as dipole moment and boiling point are closely related
to the repellent activity. The first could be related to lipophilicity
or specific electrostatic interactions with the receptor, whereas
the boiling point/vapor pressure might determine the duration of
contact time with the olfactory chemosensilla of mosquitoes
(Wang et al., 2008).
4. Synergistic phenomena

Although repellent activity of essential oils is generally attrib-
uted to some particular compounds, a synergistic phenomenon
among these metabolites may result in a higher bioactivity com-
pared to the isolated components (Hummelbrunner and Isman,
2001; Gillij et al., 2008). Omolo et al. (2004), compared repellent
activities between the essential oil and synthetic blends formu-
lated with its major constituents. For some of such blends, the
activities were much smaller than those of the corresponding EO.
This indicates that minor constituents also contribute to the repel-
lent activity and reflects the importance of compositional complex-
ity in conferring bioactivity to natural terpenoid mixtures. It has
been suggested that this occurs due to the fact that plants usually
present defenses as a suite of compounds, not as individual ones.
Accordingly, minor constituents found in low percentages may
act as synergists, enhancing the effectiveness of the major constit-
uents through a variety of mechanisms (Berenbaum, 1985).
Further studies to identify these mechanisms are in progress
(Omolo et al., 2004).

This synergistic effect is also showed with mixtures of oils. Liu
et al. (2006) found that repellent activity of the mixture of essential
oils from Artemisia princeps and Cinnamomum camphora against
Sitophillus oryzae L. and Bruchus rugimanus (Coleoptera) adults
was significantly higher than that elicited by individual oils. The
high insect repellency and toxicity of the mixed oils might have re-
sulted from the synergistic action of the main compounds in the
oils. The mechanisms involved in how the interactions between
the components of each essential oil result in the improvement
of repellent activities, need further investigation.
5. Improvement of essential oil repellent efficiency

Although EOs are effective when freshly applied, their protec-
tive effects usually dissipate relatively quickly (Trongtokit et al.,
2005). In the case of mosquitoes, essential oils commonly act at a
vapor phase (Zhu et al., 2001), which is effective for a relatively
short period of time (Barnard, 2000). This fact is probably related
to their high volatility, property that could be improved through
the development of formulations that would be able to keep the
active ingredients onto the skin for longer time periods.

The increase in repellence activity for essential oils is highly
dependent on the product composition. Formulations based on
creams, polymer mixtures, or microcapsules for controlled release,
resulted in an increase of repellency duration (Sharma and Ansari
1994; Dua et al., 1996; Nentwig, 2003; Chang et al., 2006). For
example, Zanthoxylum limonella oil was successfully microencap-
sulated in glutaraldehyde crosslinked gelatin (a polymer), in order
to improve mosquito repellent properties (Maji et al., 2007). The
effectiveness of a mosquito repellency of a product in a topical
application that contains C. citratus oil, was tested on different for-
mulations. Efficacy decreased in the order hydrophilic base > emul-
sion base > oleaginous base (Oyedele et al., 2002).

In order to increase the EO repellent efficiency, some fixative
materials such as liquid paraffin (Oyedele et al., 2002), vanillin
(Tawatsin et al., 2001), salicyluric acid (Blackwell et al., 2003), mus-
tard and coconut oils (Das et al., 1999) have been used. A compound
widely used to be mixed with EO is vanillin (Choochote et al., 2007;
Kamsuk et al., 2006; Tawatsin et al., 2001). This compound signifi-
cantly increases the protection times (PTs) of EO, in particular when
they are used against A. aegypti (Khan et al., 1975); it also has been
demonstrated that it works with other mosquito species. Yang and
Ma (2005), improved the protection time against A. albopictus of a
15% alcoholic solution of Eucalyptus globulus, by adding a 5% of van-
illin. It is of interest to note that the addition of vanillin to the essen-
tial oil of Zanthoxylum piperitum induces repellence to Armigeres
subalbatus, a specie that is tolerant to DEET (Kamsuk et al., 2006).
Although natural active ingredients are some times more expensive
than synthetic products, the essential oil of Z. piperitum is only one
example for which there is a potential to be used on the develop-
ment of combined repellents, especially in situations when DEET
is ineffective and impractical (Kamsuk et al., 2006).

Taken together, several factors could be considered when
searching for enhancing the repellency of essential oils: Develop-
ment on new formulations, fixative additives and the production
of combined repellents, are possibilities that can be addressed to
add effectiveness and greater economic value to repellents derived
from essential oils.
6. Methods to assess repellent activity

Several methods are used to assess repellent activity, depending
on the species. For the order Diptera, the most used method for
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testing EOs, is the arm-in-cage assay. It was published in 1919 and
it is likely the first well planned laboratory test of mosquito repel-
lency (Schreck, 1977). Quantities of EO were previously dissolved
in a fixed solvent volume and applied uniformly on the arm (from
wrist to elbow) of a volunteer, whereas the other arm is treated
with the solvent. The subject inserts his or her product-treated
arm and the control in independent cages with a fixed number of
blood unfed female mosquitoes. The time elapsed until the first
bite in the treated arm is recorded and presented as PT, the number
of mosquitoes biting in a determined time may also be recorded in
order to calculate the percentage of repellency. Taking into account
the quantity of EO applied and the area of the subject’s arm, the
dosage is calculated in lL/mm2 (Gillij et al., 2008). The repellent
activities are presented in values of RD50 and RD95 (calculated sta-
tistically), representing the dosage of EO capable to repel the 50%
and 95%, respectively of the insect population. A similar method
has been developed by using the depilated abdomen of a white
mouse, instead of a human arm (Yang and Ma, 2005).

However, for arthropods from the order Coleoptera, repellent
activity is usually assessed by using assays on Petri dishes. A filter
paper is divided into two halves. On one half, a volume of EO di-
luted in a volatile solvent (usually acetone) is added uniformly;
on the other half, the same volume of solvent is added as control.
These halves are attached again, and a fixed number of insects
(generally 20) is released on the center of the paper. After some
hours the number of arthropods on both halves is recorded and
the percentage of repellency is calculated (Chaubey, 2007; Wang
et al., 2006); a similar method has been used for lice (Order
Phthiraptera).

The Y-tube olfactometer bioassay has also been used for testing
repellency/attractancy against arthropods from different orders:
Coleoptera (Ndungu et al., 1999), Diptera (Erler et al., 2006), Thysa-
noptera (Koschier and Sedy, 2003) and Lepidoptera (Katerinopou-
los et al., 2005;) it consists on a glass Y-tube with a main arm
(the stem) and two arms containing one repellent and the 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 centre (the joint point of the three
tubes), after introduction the hole is closed with a rubber stopper
and the pump is operated. After seconds of exposition, the number
of insects on each of the two tubes (treated and control) are scored
to assess the percentage repellency (Erler et al., 2006). Another
type of olfactometer, in which the codling moth larvae upwind
movement toward apples, has also been designed to evaluate
repellent activity (Landolt et al., 1999).

Due to the variability on the methodologies found in the litera-
ture to assess repellency, generally, each author uses different con-
ditions, variables and parameters when the repellent activity needs
to be quantified, making difficult the comparisons among results
from different researching over world. In consequence, results only
can be compared with a positive or negative control, or other oils
tried in the same assay, in order to classify the essential oil in a
grade of repellency.
7. Conclusion

Plant essential oils and their individual metabolites have dem-
onstrated optimal potential for repellent activity against several
species, not only insects, but other kinds of arthropods. However,
its high volatility decreases the times of protection. Therefore,
these natural products have a considerable potential as commer-
cial repellent products when they are mixed with fixative materi-
als, improving the efficiency and obtaining even greater activities
than those found for DEET, known as the most effective mosquito
repellent. The majority of metabolites isolated from essential oils
with the best repellent activity are oxygenated, being the hydroxyl
group part of the molecules with better activities. The study of the
synergistic effects among constituents of EO and mixtures of oils,
as well as the search of new additives that could make longer
the protection times, represents an important tool to replace the
synthetic products used today.
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