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INTRODUCTION 

In Europe, the sheep tick (Ixodes ricinus L.) is 
considered to be the main arthropod disease vector 
(J a e n s o n  et al., 2006; H a r t e m i n k ,  T a k k e n , 
2016). The most common of such illnesses are Lyme 
disease, which infects 65 500 people annually in 
Europe (R i z z o l i  et al., 2011) and tick-borne en-
cephalitis, infecting 5000–12 000 people annually 
in Europe (E u r o p e a n  C e n t r e  f o r  D i s e a s e 
P r e v e n t i o n  a n d  C o n t r o l , 2014). Moreover, 
rickettsial, babesia, bartonella and anaplasma syn-
dromes transmitted by ticks were newly described in 
the past decade (D i e t r i c h  et al., 2010; S c h o r n 

et al., 2011; S o r m u n e n  et al., 2016; S z e k e r e s 
et al., 2016). Effective vaccinations are not available 
for many of these infections, so using repellents is a 
desirable option for preventing tick-borne diseases 
(D e l  F a b b r o ,  N a z z i , 2008).

Repellents are defined as substances that force 
arthropods to move away from a repellent’s source, 
which may be applied directly to skin, clothing or 
shelter (D a u t e l  et al., 2013). In the past five decades, 
many synthetic chemical repellents were developed 
to protect human health. DEET (N, N-diethyl-m-
toluamid) is one of the most widely used synthetic 
repellents (G o o d y e r ,  B e h r e n s , 1998) provid-
ing an adequate protection for most common situa-
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tions in concentrations 10–35% (K a t z  et al., 2008). 
The long duration of protection DEET provides is an 
unquestionable advantage, but there are still doubts 
regarding safety for human health (A q u i n o  et al., 
2004). These uncertainties are based on documented 
medical complications occurring after its application, 
poisonings after inhalation or eye contact (G o o d y e r , 
B e h r e n s , 1998). Additionally, damage to the central 
nervous system has also been reported, particularly in 
children (F r a n c e s , 2007;O s i m i t z  et al., 2010). 
Other known complications associated with DEET 
exposure include cardiovascular and dermatological 
reactions (S t a j k o v i ć ,  M i l u t i n o v i ć , 2013). 
Additionally, S e m m l e r  et al. (2011) also point out 
that DEET is sticky, has an unpleasant odour, and 
dissolves plastic. Due to its long half-life, DEET has 
also been identified as a contaminant of aquatic water 
systems all over the world (A q u i n o  et al., 2004; 
C o s t a n z o  et al., 2007). For these reasons, the de-
velopment of alternative repellents without adverse 
effects is very important. 

Essential oils can be considered as an alternative 
repellent (M e n g  et al., 2016). These substances 
are complex mixtures of volatile organic compounds 
produced by metabolism of a plant as secondary me-
tabolites (N e r i o  et al., 2010; Y o o n  et al., 2011). 
Some have been reported as quite effective natural 
repellents against arthropod pests (e.g. C a r r o l l  et 
al., 2007; Z e r i n g ó t a  et al., 2013; M e n g  et al., 
2016), including I. ricinus (e.g. J a e n s o n  et al., 
2006; T h o r s e l l  et al., 2006; E l - S e e d i  et al., 
2012). However, due to their high volatility, repel-
lency of essential oils is generally regarded as short 
term in nature (Z h u  et al., 2001) and thus they offer 

protection for shorter periods of time (J a e n s o n  et 
al., 2006; N e r i o  et al., 2010). 

Our study is focused on comparison of repellency 
effect and duration between three essential oils and 
synthetic repellent 10% DEET, when used as a time-
stable control, against host-seeking I. ricinus females. 
It should be noted that not all essential oils are safe 
for human use, and several types have even been de-
scribed as allergens or mutagens (T h o r s e l l  et al., 
2006). Our primary intention was to test essential oils 
that have some repellency effect and which are also 
‘user-friendly’ and do not endanger human health. We 
therefore selected eucalyptus oil, lavender oil, and 
orange oil and statistically compared the efficiency 
of these oils with the effectiveness of DEET. 

maTeRIaL aND meTHODs

Adult females of I. ricinus were obtained from a 
commercial source (Insect Services, Berlin, Germany). 
Prior to analysis, all ticks were kept unfed for one 
week to acclimate in polypropylene tubes (with strips 
of filter paper inside) stored in a desiccator outfitted 
with a plastic cup with soaked cotton wool (to maintain 
high humidity) at room temperature. Essential oils were 
obtained from Hofigal (Bucharest, Romania), which 
also provided chromatographic profiles – see Table 
1. The synthetic DEET was obtained from Vertellus 
(Herriard, UK). Prior to conducting the bioassays, all 
repellent samples were diluted in diethyl ether (Penta, 
Chrudim, Czech Republic) to a 10% test concentration. 

To evaluate repellency, we used a novel bioassay 
based on methods previously described by C a r r o l l 
et al. (2011), K r ö b e r  et al. (2013), and da  C a m a r a 
et al. (2015). The experimental and control bioas-
says consisted of two concentric circles (Ø19 cm and 
Ø15 cm) drawn on an A4-size sheet of cardboard. In 
the experimental arena, the 4 cm wide zone between 
these circles was treated evenly with 1 ml of the in-
vestigated repellent solution and the same area in the 
control arena was treated with diethyl ether only. The 
cardboard sheets were treated separately with each of 
the three essential oils (orange, eucalyptus, lavender) 
and DEET. Five ticks were first placed in the control 
arena (without repellent) to exclude inactive ticks. 
If they crossed the outer border of the circle in the 
control arena within 60 s, they were then released to 
the central untreated zone in the experimental area. 
Each repellent was tested in this manner using a total 
of 120 individual ticks. 

To investigate the effect of time on repellency, 
bioassays were performed in six 15 min intervals 
from 5 min to 80 min after application. Each tick 
was used only once. Ticks are known to be attracted 
by many compounds, usually found on a host’s skin 
or breath (D a u t e l  et al., 2013) so, all tested ticks 
were activated to host-seeking mode by the observer’s 

Component Percentage

Orange essential oil
limonene 18.5–24.0

cineol 5.0–8.0

Eucalyptus essential oil

α-pinene 0.05–10

β-pinene 0.05–1.5

limonene 0.05–15.0

1,8-cineol > 60.0

Lavender essential oil

limonene > 1.0

cineol > 2.5

3-octanone > 2.5

camphor > 1.2

linalool 20.0–45.0

linalyn acetate 25.0–46.0

terpinen-4-ol 0.1–6.0

lavandulyl acetate > 0.2

lavandulol > 0.1

α-terpineol < 2.0

Table 1. Chromatographic profiles of tested essential oils
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breath (to simulate host stimuli) immediately after 
their entrance to both experimental and control arenas. 
The ticks were considered to be repelled only if they 
did not cross the repellent barrier. Based on the test 
results, the ticks were then divided into two respective 
groups: repelled/unrepelled (1/0).

Repellent effectiveness data were processed using 
a generalized linear model (GLM) with quasibinomial 
distribution. Time and type of repellent were desig-
nated as fixed factors. Quasibinomial distribution 
was used because of expected overdispersion in our 
dataset. GLM was followed by a post-hoc Tukey’s 
test, which was performed in the multcomp package 
using the glht function. All statistical tests were run 
using R software (Version 3.1.2, 2014).

ResULTs

We detected a great variability in repellent ef-
fectiveness (Table 2). The Tukey’s post-hoc test re-
vealed differences in effectiveness between each of the 
tested repellents (P < 0.001 for all tests). The orange 
oil stopped only 10.8% of ticks, while eucalyptus 
stopped 39.2%, lavender 73.3%, and DEET 98.3%. 
Effectiveness generally decreased over time (Fig. 1),  
but this was true mainly for the natural repellents 
(orange, eucalyptus, lavender). Efficiency of DEET 
was not influenced by time (Table 2, Fig. 1). 

DIsCUssION 

The results obtained showed significant differences 
between the tested repellents as well as in the effect 
of time on repellency, particularly for the essential 
oils. All investigated samples showed high initial 
repellency. Five minutes after application, repellency 
ranged from 65 to 85%; however, the effectiveness of 
the investigated essential oils decreased after 80 min 
to a range of 0–45%. 

The bioassay performed in this study also dem-
onstrated that all the essential oils may be regarded 
as ‘true repellents’ and do not merely cover the host 
odour, as do some other oils according to a report by 
J a e n s o n  et al. (2006). Sampled ticks apparently 
changed the direction of their movement immediately 
after first contact with treated areas.

A high initial repellency of essential oils against 
I. ricinus has been reported in previous studies by 
J a e n s o n  et al. (2006) or G a r b o u i  et al.(2007). 
Additionally, the long-term effectiveness of oils against 
these ticks was demonstrated in a study by E l - S e e d i 
et al. (2012), who found no significant changes in 
repellency even after 24 h. That field test was per-
formed, however, using treated flannel cloth, which 
has different evaporation characteristics as compared 
to cardboard, filter paper or human skin.

Some people (especially parents with children) do 
not spend long time in parks or other areas with natural 
tick incidence or maybe do not want to use synthetic 
repellents due to allergy or sensitivity. Therefore, we 
believe it is essential to understand fully the interaction 
between repellency and time. Lavender and eucalyptus 
oils were included into this study despite the results 
presented by T h o r s e l l  et al. (2006), who found no 
repellency from these two oils against ticks 4 h after 
application. 

The strongest and most stable repellency effect 
was found for lavender oil. A rather high protective 
effect of this plant has previously been described 
against the cigarette beetle (Lasioderma serricorne 
Fabricius) (H o r i , 2003) and spot clothing wax cicada 
(Lycorma delicatula) (Yo o n  et al., 2011). It also has 
been found to be quite effective against I. ricinus in 
high concentrations and shortly (15 min) after ap-
plication (K r ö b e r  et al., 2013). On the other hand, 
it is apparent both from other previously published 
results (T h o r s e l l  et al., 2006; S e m m l e r  et al., 
2011) and also from our data that lavender essential 
oil exhibits a significant protection period against I. 
ricinus. The aforementioned authors tested laven-
der oils on such surfaces as cardboard (this study), 
petri dishes (T h o r s e l l  et al., 2006), and bare skin 
(S e m m l e r  et al., 2011). We may expect a longer 
period of protection if lavender oil would be tested 
on textile materials.

M a g a n o  et al. (2011) tested the effectiveness of 
eucalyptus essential oil as a repellent against another 

Table 2. Repellency of essential oils (GLM model)

χ² test P

Repellent 257.252 < 0.001

Time 61.112 < 0.001

Repellent*time 30.185 < 0.001

Fig. 1. Repellent effectiveness of three essential oils and DEET over time
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tick species, Hyalomma marginatum rufipes, and dem-
onstrated that the repellency of Eucalyptus globoidea 
(Blakely) extract compared favourably with that of 
the commercial arthropod repellent DEET. Moreover, 
P i r a l i - K h e i r a b a d i  et al. (2009) reported acari-
cidal effects of eucalyptus. Nevertheless, the repellency 
after 80 min determined in this study was only 15%. 

To the best of our knowledge, this was the first 
evaluation of orange essential oil as a repellent against 
ticks. In comparison with established types of es-
sential oils, it exhibited the fastest evaporation and 
its efficiency was the weakest from the onset of the 
experiment. We can conclude, therefore, that this type 
of oil shows no potential for future studies.

The protection periods offered by such essential oils 
as those from lemongrass (Cymbopogon Spreng), cloves 
(Syzygium aromaticum Merrill & Perry) (T h o r s e l l 
et al., 2006), carnation flowers (Dianthus caryophyllus 
L.) (T u n ó n  et al., 2006), and wormwood (Artemisia 
absinthium L.) (J a e n s o n  et al., 2006) are compa-
rable to that of 15% DEET (T h o r s e l l  et al., 2006; 
T u n ó n  et al., 2006; B i s s i n g e r  et al., 2016). 
On the other hand, it must be said that the duration 
of tick repellency among essential oils is connected 
with toxicity and various side effects (T h o r s e l l et 
al., 2006). Thus, the potential user of essential oils 
as repellents faces a trade-off between longer dura-
tion of protection with greater health risks or safer 
but shorter protection. This trade-off suggests there 
to be two possible areas for future research on es-
sential oil repellency: (i) eliminating health risks of 
essential oils providing strong and long protection, 
or (ii) enhancing the repelling efficacy of harmless 
oils. Such research should therefore focus mainly 
on the dosage or concentration of oils (M a g a n o 
et al., 2011; M e n g  et al., 2016), synergistic effects 
(H u m m e l b r u n n e r ,  I s m a n , 2001; R e e g a n  et 
al., 2014), or a microencapsulation process (B o h , 
K n e z , 2006; F a u l d e  et al., 2012).

CONCLUsION

There are currently many essential oils with un-
known repellency effects, and it is possible that a 
natural repellent based on essential oils both effective 
and harmless to the user may be discovered. At this 
time, lavender oil appears to satisfy the requirement 
for compromise between efficiency and health risk. 

aCKNOWLeDgemeNT 

We are grateful to Kateřina Imrichová for technical 
assistance in the laboratory and the company Hofigal 
for providing samples. We thank English Editorial 
Services, s.r.o., for assistance with the text.

ReFeReNCes

Aquino M, Fyfe M, MacDougall L, Remple V (2004): West 
nile virus in British Columbia. Emerging Infection Disease, 
10, 1499–1501.

Bissinger B, Kennedy M, Carroll S (2016): Sustained efficacy 
of the novel topical repellent TT‐4302 against mosquitoes 
and ticks. Medical and Veterinary Entomology, 30, 107–111. 
doi: 10.1016/j.pestbp.2009.09.010.

Boh B, Knez E (2006): Microencapsulation of essential oils and 
phase change materials for applications in textile products. 
Indian Journal of Fibre and Textile Research, 31, 72–82.

Carroll JF, Cantrell CL, Klun JA, Kramer M (2007): Repellency 
of two terpenoid compounds isolated from Callicarpa ameri-
cana (Lamiaceae) against Ixodes scapularis and Amblyomma 
americanum ticks. Experimental and Applied Acarology, 4, 
215–224. doi: 10.1007/s10493-007-9057-2.

Carroll JF, Tabanca N, Kramer M, Elejalde NM, Wedge DE, 
Bernier UR, Başer KHC (2011): Essential oils of Cupressus 
funebris, Juniperus communis, and J. chinensis (Cupres-
saceae) as repellents against ticks (Acari: Ixodidae) and 
mosquitoes (Diptera: Culicidae) and as toxicants against 
mosquitoes. Journal of Vector Ecology, 36, 258–268.

Costanzo S, Watkinson A, Murby E, Kolpin D, Sandstrom M 
(2007): Is there a risk associated with the insect repellent 
DEET (N, N-diethyl-m-toluamide) commonly found in 
aquatic environments? Science of the Total Environment, 
384, 214–220. doi: 10.1016/j.scitotenv.2007.05.036.

da Camara CA, Akhtar Y, Isman MB, Seffrin RC, Born FS (2015): 
Repellent activity of essential oils from two species of Citrus 
against Tetranychus urticae in the laboratory and greenhouse. 
Crop Protection, 74, 110–115. doi: 10.1016/j.cropro.2015.04.014.

Dautel H, Dippel C, Werkhausen A, Diller R (2013): Efficacy 
testing of several Ixodes ricinus tick repellents: different 
results with different assays. Ticks and tick-borne diseases, 
4, 256–263. doi: 10.1016/j.ttbdis.2012.11.007.

Del Fabbro S, Nazzi F (2008): Repellent effect of sweet basil 
compounds on Ixodes ricinus ticks. Experimental and Applied 
Acarology, 45, 219–228. doi: 10.1007/s10493-008-9182-6.

Dietrich F, Schmidgen T, Maggi RG, Richter D, Matuschka F-R, 
Vonthein R, Kempf VA (2010): Prevalence of Bartonella 
henselae and Borrelia burgdorferi sensu lato DNA in Ix-
odes ricinus ticks in Europe. Applied and Environmental 
Microbiology, 76, 1395–1398. doi: 10.1128/AEM.02788-09.

El-Seedi HR, Khalil NS, Azeem M, Taher EA, Göransson U, 
Pålsson K, Borg-Karlson A-K (2012): Chemical composition 
and repellency of essential oils from four medicinal plants 
against Ixodes ricinus nymphs (Acari: Ixodidae). Journal of 
Medical Entomology, 49, 1067–1075. doi: 10.1603/ME11250.

European Centre for Disease Prevention and Control (2014): 
Annual epidemiological report 2014 – emerging and vector-
borne diseases. ECDC, Stockholm.

Faulde M, Albiez G, Nehring O (2012): Novel long-lasting 
impregnation technique transferred from clothing to bed-



80 Scientia agriculturae bohemica, 48, 2017 (2): 76–81

nets: extended efficacy and residual activity of different 
pyrethroids against Aedes aegypti as shown by EN ISO 
6330-standardized machine laundering. Parasitology Re-
search, 110, 2341–2350. doi: 10.1007/s00436-011-2769-6.

Frances SP (2007): Efficacy and safety of repellents containing 
DEET. In: Debboun M, Frances SP, Strickman D: Insect repel-
lents: principles, methods, and uses. CRC Press, Boca Raton.

Garboui SS, Jaenson TG, Borg-Karlson A-K, Pålsson K (2007): 
Repellency of methyl jasmonate to Ixodes ricinus nymphs 
(Acari: Ixodidae). Experimental and Applied Acarology, 42, 
209–215. doi: 10.1007/s10493-007-9066-1.

Goodyer L , Behrens RH (1998): Short report: The safety and 
toxicity of insect repellents. American Journal of Tropical 
Medicine and Hygiene, 59, 323–324.

Hartemink N, Takken W (2016): Trends in tick population dy-
namics and pathogen transmission in emerging tick-borne 
pathogens in Europe: an introduction. Experimental and 
Applied Acarology, 68, 269–278. doi: 10.1007/s10493-
015-0003-4.

Hori M (2003): Repellency of essential oils against the ciga-
rette beetle, Lasioderma serricorne (Fabricius)(Coleoptera: 
Anobiidae). Applied Entomology and Zoology, 38, 467–473. 

Hummelbrunner LA, Isman MB (2001): Acute, sublethal, anti-
feedant, and synergistic effects of monoterpenoid essential 
oil compounds on the tobacco cutworm, Spodoptera litura 
(Lep, Noctuidae). Journal of Agricultural and Food Chem-
istry, 49, 715–720. doi: 10.1021/jf000749t.

Jaenson TG, Garboui S, Pålsson K (2006): Repellency of oils of 
lemon eucalyptus, geranium, and lavender and the mosquito 
repellent MyggA natural to Ixodes ricinus (Acari: Ixodidae) 
in the laboratory and field. Journal of Medical Entomology, 
43, 731–736. doi: 10.1093/jmedent/43.4.731. 

Katz TM, Miller JH, Hebert AA (2008): Insect repellents: 
historical perspectives and new developments. Journal of 
the American Academy of Dermatology, 58, 865–871. doi: 
10.1016/j.jaad.2007.10.005.

Kröber T, Bourquin M, Guerin P (2013): A standardised in 
vivo and in vitro test method for evaluating tick repellents. 
Pesticide Biochemistry and Physiology, 107, 160–168. doi: 
10.1016/j.pestbp.2013.06.008.

Magano SR, Mkolo M, Shai L (2011): Repellent properties of 
Nicotiana tabacum and Eucalyptus globoidea against adults 
of Hyalomma marginatum rufipes. African Journal of Micro-
biology Research, 5, 4800–4804. doi: 10.5897/AJMR11.412.

Meng H, Li AY, Junior LMC, Castro-Arellano I, Liu J (2016): 
Evaluation of DEET and eight essential oils for repellency 
against nymphs of the lone star tick, Amblyomma america-
num (Acari: Ixodidae). Experimental and Applied Acarology, 
68, 241–249.

Nerio LS, Olivero-Verbel J, Stashenko E (2010): Repellent 
activity of essential oils: a review. Bioresource Technology, 
101, 372–378. doi: 10.1016/j.biortech.2009.07.048.

Osimitz T, Murphy J, Fell L, Page B (2010): Adverse events 
associated with the use of insect repellents containing N, 

N-diethyl-m-toluamide (DEET). Regulatory Toxicology and 
Pharmacology, 56, 93–99. doi: 10.1016/j.yrtph.2009.09.004.

Pirali-Kheirabadi K, Razzaghi-Abyaneh M, Halajian A (2009): 
Acaricidal effect of Pelargonium roseum and Eucalyptus 
globulus essential oils against adult stage of Rhipicephalus 
(Boophilus) annulatus in vitro. Veterinary Parasitology, 162, 
346–349. doi: 10.1016/j.vetpar.2009.03.015.

Reegan AD, Kannan RV, Paulraj MG, Ignacimuthu S (2014): 
Synergistic effects of essential oil-based cream formulations 
against Culex quinquefasciatus Say and Aedes aegypti L. 
(Diptera: Culicidae). Journal of Asia-Pacific Entomology, 
17, 327–331. doi: 10.1016/j.aspen.2014.02.008.

Rizzoli A, Hauffe H, Carpi G, Vourc H, Neteler M, Rosa R 
(2011): Lyme borreliosis in Europe. Euro Surveill, 16, 16–27.  

Schorn S, Pfister K, Reulen H, Mahling M, Silaghi C (2011): 
Occurrence of Babesia spp., Rickettsia spp. and Bartonella 
spp. in Ixodes ricinus in Bavarian public parks, Germany. 
Parasite and Vector, 4, 1–9. 

Semmler M, Abdel-Ghaffar F, Al-Rasheid KA, Mehlhorn H 
(2011): Comparison of the tick repellent efficacy of chemi-
cal and biological products originating from Europe and the 
USA. Parasitology Research, 108, 899–904. doi: 10.1007/
s00436-010-2131-4.

Sormunen JJ, Penttinen R, Klemola T, Hänninen J, Vuorinen 
I, Laaksonen M, Vesterinen EJ (2016): Tick-borne bacterial 
pathogens in southwestern Finland. Parasite and Vector, 9, 
1–10. doi: 10.1186/s13071-016-1449-x.

Stajković N, Milutinović R (2013): Insect repellents: transmis-
sive disease vectors prevention. Vojnosanitetski pregled, 70, 
854–860. doi: 10.2298/VSP1309854S.

Szekeres S, van Leeuwen AD, Rigó K, Jablonszky M, Majoros 
G, Sprong H, Földvári G (2016): Prevalence and diversity of 
human pathogenic rickettsiae in urban versus rural habitats, 
Hungary. Experimental and Applied Acarology, 68, 223–226. 
doi: 10.1007/s10493-015-9989-x.

Thorsell W, Mikiver A, Tunon H (2006): Repelling properties of 
some plant materials on the tick Ixodes ricinus L. Phytomedi-
cine, 13, 132–134. doi: 10.1016/j.phymed.2004.04.008.

Tunón H, Thorsell W, Mikiver A, Malander I (2006): Arthropod 
repellency, especially tick (Ixodes ricinus), exerted by extract 
from Artemisia abrotanum and essential oil from flowers 
of Dianthus caryophyllum. Fitoterapia, 77, 257–261. doi: 
10.1016/j.fitote.2006.02.009.

Yoon C, Moon S-R, Jeong J-W, Shin Y-H, Cho S-R, Ahn K-S, 
Kim G-H (2011): Repellency of lavender oil and linalool 
against spot clothing wax cicada, Lycorma delicatula (He-
miptera: Fulgoridae) and their electrophysiological respons-
es. Journal of Asia-Pacific Entomology, 14, 411–416. doi: 
10.1016/j.aspen.2011.06.003.

Zeringóta V, Senra TOS, Calmon F, Maturano R, Faza AP, 
Catunda Jr. FEA, Daemon E (2013): Repellent activity of 
eugenol on larvae of Rhipicephalus microplus and Derma-
centor nitens (Acari: Ixodidae). Parasitology Research, 112, 
2675–2679. doi: 10.1007/s00436-013-3434-z.



Scientia agriculturae bohemica, 48, 2017 (2): 76–81 81

Zhu BC, Henderson G, Chen F, Fei H, Laine RA (2001): Evalu-
ation of vetiver oil and seven insect-active essential oils 
against the Formosan subterranean termite. Journal of 

Chemical Ecology, 27, 1617–1625. doi: 10.1111/j.1365-
2664.2012.02195.x.

Corresponding Author:

Ing. Martin K u l m a , Czech University of Life Sciences Prague, Department of Zoology and Fisheries, Kamýcká 129,  
165 21 Prague 6-Suchdol, Czech Republic, phone: +420 603 859 559, e-mail: kulma@af.czu.cz


