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A B S T R A C T   

Ixodes ricinus (L.) (Acari: Ixodidae) is a major vector for the transmission of several important human pathogens. 
The aim of the present study was to evaluate the in vitro efficacy of different concentrations of essential oils (Eos) 
on I. ricinus tick nymphs. Oils were obtained from the leaves of three plants native to Libya: white wormwood 
(Artemisia herba alba Asso), marjoram (Origanum majorana L.) and Arâr (Juniperus phoenicea L., English common 
name Phoenician juniper). Assays were done using the “open filter paper method”. Two concentrations from each 
oil, 0.5 and 1 μl/cm, were tested. The acaricidal effect was measured in terms of the lethal concentrations (LC50, 
LC95) and lethal time (LT50, LT95). Mortality rates were obtained by counting the surviving nymphs every 30 min 
for the first five hours and then at 24, 48 and 72 h. A mortality of 100% was recorded at the higher concentration 
of oils (1 μl/cm2) from A. herba alba and J. phoenicea at the first 2 h of exposure. Exposure to O. majorana led to 
100% mortality on the third day (72 h), and this effect decreased noticeably with 0.5 μl/cm2 oil at the same 
exposure time. However, 50% of ticks showed a paralysis effect and less movement after 2 h. The LC50 of 
mortality was reached within the first 24 h of exposure time at 0.5 μl/cm2 of O. majorana, which produced 60% 
tick’s mortality. Chemical composition of the essential oils was elucidated by gas chromatography–mass spec-
trometry analyses. These results suggest that essential oils deserve further investigation as components of 
alternative approaches for I. ricinus tick control.   

1. Introduction 

The sheep tick, Ixodes ricinus (Acari: Ixodidae) is one of the most 
important vectors of tick-borne diseases to humans, at least in the 
northern hemisphere. I. ricinus can transmit Borrelia burgdorferi s.l., the 
agent of Lyme borreliosis (LB), for which 85,000 cases are reported 
every year in Europe (Lindgren and Jaenson, 2006). The highest in-
cidences of LB are found in northern (Baltic States and Sweden) and 
central Europe (Austria, Czech Republic, Germany and Slovenia) 

(Centers for disease control and prevention (cdc), 2017). Many studies 
have reported that the incidence of LB in several countries e.g. Sweden 
and The Netherlands has increased distinctly over the last 10 years 
(Rizzoli et al., 2011; van Kampen et al., 2013). In southern Sweden it 
was reported an average incidence of 464 cases of erythema migrans per 
100,000 person/year (period 1997–2003), while the mean incidence in 
Europe was lower (22.05/100000) (Makiello and Sykes, 2016). In 
addition approximately 5000–12,000 cases of tick-borne encephalitis 
(TBE) are reported in Europe each year (Zavadska et al., 2013), and in 
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Sweden approximately 200–250 people become seriously ill with TBE 
every year (WHO, 2014). Other pathogens known to be transmitted by 
I. ricinus are bacteria like Anaplasma phagocytophilum, Francisella tular-
ensis, several rickettsiae as well as Babesia spp., protozoan parasites 
(Estrada-Peña and Jongejan, 1999). 

The control of I. ricinus is achieved primarily through the use of 
chemical acaricides (Andreotti et al., 2011). However, although chem-
ical acaricides have served well in the past, they have not been utilized 
wisely, which has led to the evolution of resistance among populations 
of ticks (Vatsya and Yadav, 2011). Moreover, their improper use has led 
to environmental toxicity (Bhattacharya et al., 2003). Pesticides are also 
known to exert side effects in hosts, including immuno-toxicity and 
delayed neuropathy even at low doses (Chauhan et al., 1995). All these 
aspects clearly indicate that the development of new tools for control-
ling ticks is required. The use of plant extracts as tick control agents has 
been one of these research areas with increasing importance as more 
evidence of the efficacy of plant extracts becomes available. Plants also 
present a lower risk of environmental contamination and show a slower 
rate of resistance development (Baladrin et al., 1985; Chagas, 2004; 
Chhabra and Saxena, 1998; Singh et al., 2014). In the last two decades, 
various plant products including crude extracts and essential oils (EOs) 
have been used against all the stages of economically important tick 
species (adult, nymph and larva) with encouraging results. (Clemente 
et al., 2010; Coskun et al., 2008; Daemon et al., 2009; de Monteiro et al., 
2012; Ghosh et al., 2011; Kamaraj et al., 2010; Magadum et al., 2009; 
Mehlhorn et al., 2005; Singh et al., 2014). 

We focused on three wild plants that are widely used in Arabian 
traditional medicine, as a source of green acaricidal substances against 
I. ricinus ticks. We also identified the main chemical constituents of these 
EOs using gas chromatography–mass spectrometry (GC–MS). 

2. Material and methods 

2.1. Tick collection and preservation 

I. ricinus nymphs ticks were collected in a woodland area, south of 
Uppsala city in east-central Sweden, during April–September 2006 by 
dragging a 1 m2 light-coloured flannel cloth over the ground vegetation 
(Mejlon and Jaenson, 1993). The cloth was inspected at every 10 steps 
(about 10 m), and all nymphs adhering to the cloth were collected. 
Nymphs were maintained at 85–95% relative humidity (RH), and ≈ 4 ◦C 
in complete darkness for 2 months and then allowed to adapt to the test 
conditions (21–23 ◦C and 85–95% RH) for 24 h before testing. 

2.2. Plant material and preparation of EOs 

Plants tested were white wormwood, Artemisia herba alba Asso, 
(Asterales: Asteraceae, locally known as Sheehh), Phoenician juniper, 
Juniperus phoenicea L. (Pinales: Cupressaceae, locally known as Araar) 
and marjoram, Origanum majorana (Lamiales: Lamiaceae) (Table 1). The 
aerial parts of each plant were used for essential oil production. Plants 
were harvested as wild grown material in the Green Mountain (Al- Jabal 
Al-Akhder), a heavily forested fertile upland area in northeastern Libya. 
Plants were collected by hands, identified by a taxonomist and stored in 
bags at − 20 ◦C. Steam distillation was done within 30 days of collection. 
About 100 g of each plant was subjected to steam distillation using a 
Clevenger-type apparatus for 3–4 h until total recovery of oil. The 
distillate was collected and extracted with 100 ml of n-pentane 99) %, 
Sigma-Aldrich Sweden AB, Stockholm, Sweden) and dehydrated with 
MgSO4, after which the mixture was filtered. The EOs were weighed and 
stored in tightly closed glass vials, at − 20 ◦C in the darkness until further 
investigations. 

2.3. GC–MS analysis 

For GC–MS, EOs were diluted with hexane and around 300 ng/1 μl 
was injected into a Hewlett Packard GC 6890 N chromatograph (Agilent 
Technologies Inc., USA) equipped with a DB-5 column (30 m length, 
0.25 mm internal diameter and 0.25 μm stationary phase film thick-
nesses, Agilent Technologies, USA) for separation of volatile compo-
nents. The GC injector temperature was 250 ◦C and held isothermally 
throughout the analysis. The GC oven temperature was held isother-
mally at 40 ◦C for 2 min, followed by an increase of 4 ◦C min1 up to 
200 ◦C, followed by an increase of 10 ◦C min1 up to 280 ◦C. and then 
held isothermally at 280 ◦C for 10 min. High purity helium gas (5.0 Lab 
Line, Strandmøllen A/S, Denmark) was used as the mobile phase with a 
constant flow of 1 ml/min. The ion source of the mass spectrometer was 
operated at 230 ◦C, with an electron ionization energy of 70 eV and a 
solvent delay of 5 min. All compounds were identified by comparing 
their mass spectra and retention indices with the NIST-2008 MS library, 
published retention index values and available authentic standards 
using MSD Productivity ChemStation (v.02.01.1177). The quantitative 
composition of the essential oils is reported as relative percentage of the 
total peak area. 

2.4. Determination of acaricidal activity 

The acaricidal activity was evaluated for EOs from the plants listed in 
Table 1 using the “open filter paper method” as described by (WHO, 
1996). For each oil, 64 μl and 32 μl of oil were diluted in 1 ml acetone to 

Table 1 
Description of plants used in this study including Latin and local name, botanical description, use in traditional folk medicine and essential oil yielded from 100 mg of 
plant material.  

No. Latin name Local 
name 

Family Botanical description Traditional folk medicine Part used w/g oil 
yield 
% 

1 A. herba 
alba 

Sheih Asteraceae 20–40 cm tall, leaves are strongly aromatic and 
covered with fine glandular hairs. 

Used to treat intestinal worms and 
parasites, due to the presence of 
Alsantonin that can kill worms. 

Dry leaves 
and 
flowers 

100 
g 

2.54 g 

2 J. phoenicea Araar Cupressaceae Mediterranean tree with erect branches and 
needle-like leaves. 
Growing to 8 m in height 

The young twigs are widely 
recommended by herbalists against 
stomach inflammation, and for 
treatment of urinary tract disorders. 

Fresh 
leaves 

100 
g 

2.00 g 

3 O. majorana Bardagosh Lamiaceae Bushy half-hardy perennial sub-shrub. Growing 
to a height of 30–60 cm. Leaves smooth, simple, 
and ovate to oblong-ovate, with obtuse apex, 
entire margin, symmetrical but tapering base, 
and reticulate venation. 

Externally: inhale crushed leaves 
during cold and flu to ease breathing. 
Also for ear congestion. 
Internally: Bronchiolitis (cough), 
remedy of enteritis and for menstrual 
cramps. 

Fresh 
leaves and 
stems 

100 
g 

3.02 g 

Traditional folk medicine according to (El-Mogrebi, 2003). 
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give concentrations of 1 μl/cm2 and 0.5 μl/cm2. Each oil-acetone mix 
was uniformly spread with the aid of a micropipette onto a round 
Whatman filter paper no.1 and air dried for 20 min, in three replicates. 
Filter paper impregnated with solvent (acetone) was used as control. 
Each replicate consisted of 10 I. ricinus nymphs selected randomly and 
introduced into a plastic cup with a single piece of filter paper on the 
bottom. The plastic cups were covered with a fine-mesh cloth secured 
with rubber bands around the rim to prevent the ticks from escaping. 
Each cup was placed separately in a closed container with a wet toilet 
paper at the bottom to maintain an appropriate humidity. The nymphs 
were monitored with a dissecting microscope at half-hour intervals for 5 
h and then once at 24 h, 48 h and 72 h to record deaths. Microscopic 
observation of movement behaviour of the ticks was employed to assess 
paralysis effects. Assays were performed in the laboratory at 20–21 ◦C 
and 89–97% relative humidity. All tests were repeated three times. 

2.5. Data analysis 

2.5.1. Calculation 
Percentage of tick mortality rate was calculated using the following 

equations: 

%Mortality=[(no.of deadnymphsinthetest− no.of deadnymphsinthecontrol)

÷totalno.of nymphs)]×100.

Dose-response curves were obtained by plotting the percentage 
mortality for each exposure time versus oil concentration, with the slope 
of the line calculated. LC50 and LC95 were then determined from these 
curves. Time-response curves were obtained by plotting percentage 
mortality versus exposure time for each concentration. LT50 and LT95 
were then determined from the resulting curves (Oris and Bailer, 1997). 

2.5.2. Statistical analysis 
The significance of the data was evaluated by a one-way ANOVA test. 

A value of p < 0.05 was considered significant. Groups were compared 
using one-way ANOVA and one-way ANOVA and multiple regression 
tests were used for repeated measurements. F test was used to compare 
variances, and t-test for equality of means. All analysis used Prism 7 
software (Graph Pad Prism 7.03). 

3. Results 

3.1. Volatile composition of essential oils 

The volatile constituents of plant EOs were identified by GC/MS and 
are given in Table 2. The number of components identified in Artemisia 
(White wormwood), Juniperus and Origanum EOs were 5, 16 and 11, 
respectively. Based on GC–MS identifications, the two isomers of 3-thu-
janone (a, b), camphor and 1,8-cineol are the most abundant compo-
nents in A. herba alba. The major components of J. phoenicea are 
α-terpinyl acetate, α–pinene and germacene D, while terpinen-4-ol, 
linalool, linalyl acetate, elemene and α-terpineol are the main compo-
nents in O. majorana oil. 

3.2. Acaricidal activity of EOs against ticks 

All EOs were found to cause 100% nymph mortality at 1 μl/cm2, 
although with various exposure times. A. herba alba had the strongest 
acaricidal effect (F = 205.6, DF = 25, t = 8.774, R2 = 0.7548, p <
0.0001) (Figs. 1, 2), which started in the first hour of exposure. At 2 h, 
A. herba alba had an estimated LC50 of 0.3 μl/cm2 and an LC95 = 0.85 μl/ 
cm2, For 1 μl/cm2, 95% mortality was estimated to occur at 2.5 h. Ex-
periments with 0.5 μl/cm2 oil showed that the minimum LC95 for 
A. herba oil was 0.45 μl/cm2 at ≈3 h. (Table 3), which confirms the oil’s 
significant acaricidal effect (F = 255.8, DF = 24, t = 7.193, R2 = 0.6831, 
p < 0.0001). In terms of lethal time (LT), A. herba oil at 0.5 μl/cm2 has an 
LT50 of 1.7 h and LT95 of 2.75 h ≈ 3 h and at 1 μl/cm2 is has an LT50 of 
1.3 h and an LT95 of 1.9 h. 

Juniperus phoenicea EO at 1 μl/cm2 also had a strong acaricidal effect 
(F = 278.5, DF = 24, t = 6.376, R2 = 0.6288, p < 0.0001) (Figs. 3 and 4), 
which started in the second hour. The EO’s LT50 was estimated at 1.3 h 
and an LT95 was estimated to occur at 2.9 h (Table 4). The minimum 
LC95 for J. phoenicea EO was 0.5 μl/cm2 at 4 h and the minimum LC50 
was 0.35 μl/cm2 at 2.5 h (Table 3). This confirms that 0.5 μl/cm2 

J. phoenicea EO can have strong significant acaricidal activity (F =
303.9, DF = 24, t = 5.634, R2 = 0.5694, p < 0.0001) and short lethal 
time (LT50 = 1.7 h and LT95 = 2.75 h) (Table 4). (See Tables 5 and 6.) 

Lastly, Origanum majorana at 1 μl/cm2 showed a significant but lower 
acaricidal effect than the other two oils (F = 167.9, DF = 24, t = 3.02, R2 

= 0.2753, p = 0.0059) (Figs. 5 and 6). The O. majorana acaricidal ac-
tivity started to appear in the fourth hour of exposure and reached 50% 
after 4.5 h (LT50 = 4.25). A 95% mortality was only reached in the third 
day, giving an LT95 of 68 h (Table 4). At 0.5 μl/cm2, O. majorana EO 
showed significant mortality, but this was still weak (F = 147.5, DF =
24, t = 2.091, R2 = 0.1542, p = 0.0473). Altogether, the estimated LC95 
for O. majorana was 72 h at 0.45 μl/cm2. While the LC50 at 4.5 h was 0.8 
μl/cm2 (Table 3). 

Table 2 
Relative amounts (%) of volatile compounds identified by GC–MS of A. herba- 
alba, J. phoenicea, and O. majorana essential oils, organized by compound group.  

Compound name 
Listed in alphabetic order 

A. herba 
alba 

J. phoenicea O. majorana 

Monoterpene hydrocarbons 
Camphene    
p-Cymene    
α–Pinene  12.63   

Oxygenated monoterpenes    
Bicyclo (2,2,1) heptan-3-one 6,6- 

methyl-2-methylene   
1.38 

Borneol 1.17    

Bornyl acetate + p-Allylanisole 
Camphor 5.83   
1,8-Cineol 1.84   
Geranyl acetate   2.42 
Linalool; Linalyl acetate   21.46 
Neryl acetate   1.03 
Terpinene-4-ol   52.43 
Terpineol   3.24 
α-Terpineol  1.49 6.14 
α -Terpinyl acetate  13.21  
3-Thujanone a 63.14   
3-Thujanone b 26.55   
Verbenone  0.37   

Sesquiterpenes 
β –Caryophyllene  3.09 1.93 
Caryophyllene oxide  1.9 0.66 
Cubenol  9.66  
Elemene type   7.22 
γ–Elemene type  4.73  
Epicubenol  7.06  
Germacrene D  11.49 0.72 
Humulene  2.56  
t-Cadinol  8.9  
1.7-Methyl-4-(1-methylethylidene) 

bicyclo [5.3.1]undec-1-en-8-ol  
0.94  

α –Muurolene  1.52   

Diterpenes 
Dehydroabietane  1.82  
Podocarpa-8,11,13-trien-13-ol, 14- 

isopropyl  
5.5   

Total no. of identified compounds 5 16 11 
Total % of identified compounds 98,53 86.96 98.63  
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4. Discussion 

This study was conducted to evaluate the acaricidal activity of EOs 
from three Libyan aromatic plant species as alternatives for the control 
of I. ricinus nymphs. All three plants grow wild along the north-eastern 
coast of Libya (Bshana, 1997) and have been commonly used in tradi-
tional Libyan folk medicine (Table 1). Our results show that A. herba 
alba, J. phoenicea, and O. majorana all have significant acaricidal effects 

on nymphs of I. ricinus. Among these plant extracts, the best candidate 
for an efficient control seems to be A. herba alba, which had the lowest 
estimated minimum LC95 (0.85 μl/cm2 at 2 h; Table 3) and the shortest 
estimated LT95 (1.9 h at 1 μl/cm2; Table 4). However, J. phoenicea also 
shows strong acaricidal activity, with an estimated LC95 of 0.9 μl/cm2 at 
2.5 h (Table 3) and estimated LT95 of 2.9 at 1 μl/cm2 (Table 4). 
O. majorana EO also showed some significant effects with a minimum 
LC95 of 0.45 μl/cm2 at 72 h at 1 μl/cm (Table 3) and LT95 of 68 h at 1 μl/ 

Fig. 2. Time-response curves for different exposure times to 0.5 μl/cm2 or 1 μl/cm2 of A. herba-alba oil. Estimated values for LC50 and LC95 for different exposure 
times were calculated from the curves. 

Fig. 1. Percentage mortality of I. ricinus nymphs exposed to 0.5 μl/cm2 or 1 μl/cm2 A. herba-alba oil.  
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cm2 (Table 4). 
There are more than 300 different described species of Artemisia, all 

of which are mainly found in arid and semi-arid areas of Europe, 
America, North Africa and Asia (Heywood and Humphries, 1977). Some 
species, such as Artemisia absinthium, Artemisia annua and Artemisia 
vulgaris have even been incorporated into the pharmacopoeias of several 
European and Asian countries (Proksch, 2003). A. herba alba, more 
commonly called white wormwood (Kaul, 1997), is used in traditional 
medicine as an antipyretic and antimicrobial (Juteau et al., 2003). 
Tunisian A. herba alba also has strong antifungal and antioxidant ac-
tivities (Zouari et al., 2010). Crude aqueous and ethanolic extracts of 
A. herba alba have also been shown to have promising efficacy against 
gastrointestinal nematodes in sheep (Tariq et al., 2009). 

Our results indicate that A. herba alba was the most toxic EO (Fig. 1). 
The acaricidal effect of A. herba alba EO may be explained by its richness 
in oxygenated monoterpenes such as the isomers of 3-thujanone (a 
63.14, b 26.55%), known as a neurotoxic compound (Pelkonen et al., 
2013). Also, there are small amount of camphor (5.83%), 1,8-cineol 
(1.84%) and borneol (1.17%), in total the five main components in 
the oils as determined by GC–MS (Table 2). A. herba alba plants grown in 
different regions possess different compositions of essential oils. For 

example, β-thujone has been reported as the major constituent of 
A. herba alba essential oil originating from Morocco (Ouyahya et al., 
1990) and Algeria (Vernin et al., 1995), whereas camphor was the main 
compound in Brazilian sweet wormwood (Perazzo et al., 2003). In Iran, 
cultivated Artemisia species are very rich in camphor (Mohammadreza, 
2008). A study on synthesized A. herba alba extract found high larvicidal 
toxicity against Indian and Saudi Arabian strains of Anopheles, Aedes and 
Culex mosquitoes (Aziz et al. 2018). Meanwhile, other species of Arte-
misia have shown acaricidal activity against Hyalomma anatolicum ticks 
(Godara et al., 2015). A. herba alba OE also exhibited a strong repellent 
effect for ticks in laboratory bioassays (El-Seedi et al., 2017; Garboui 
et al., 2018). 

We also found that EO of J. phoenicea has strong acaricidal activity 
against I. ricinus nymphs, with significant mortality from the beginning 
of the experiment and reaching 100% mortality after three hours of 
exposure (Table 3). GC–MS analysis showed that J. phoenicea EO mainly 
consists of monoterpenes hydrocarbons (α-terpinyl acetate 13.21% and 
α–pinene 12.63%) and sesquiterpenes (germacene D 11.49% and 
β-caryophyllene 3.09%) (Table 2). 

Several other studies found that plant EOs are rich in these mono-
terpenes which are highly effective against several tick nymphs, such as 

Fig. 3. Percentage mortality of I. ricinus nymphs exposed to 0.5 μl/cm2 or 1 μl/cm2 of J. phoenicea oil.  

Table 3 
LC at different exposure times ET for essential oils of A. herba alba, J. phoenicea and O. majorana.  

ET hours Lethal concentrations at 50% mortality (LC50) in μl/cm2 Lethal concentrations for 95% mortality (LC95) in μl/cm2 

A. herba alba J. phoenicea O. majorana A. herba alba J. phoenicea O. majorana 

2 0.3 0 ——— 0.85 —— ——— 
2.5 0.27 0.35 ——— 0.75 0.9 ——— 
*3 0.25 ~ ——— 0.45* 0.85 ——— 
3.5 ~ ~ ——— ~ 0.75 ——— 
*4 ~ ~ ——— ~ 0.5* ——— 
*4.5 ~ ~ *0.8 ~ ~ ——— 
5 ~ ~ 0.75 ~ ~ ——— 
24 ~ ~ 0.45 ~ ~ ——— 
48 ~ ~ 0.45 ~ ~ ——— 
72 ~ ~ 0.45 ~ ~ 0.45* 

* The minimum LC95 was 0.45 μl/cm2 at 3 h for A. herba alba, 0.5 μl/cm2 at 4 h for J. phoenicea and 0.45 μl/cm2 at 72 h. LC50 for O. majorana was 0.8 μl/cm2 at 4.5 h, 
(~) means same amount as above. Values were calculated from the curves shown in Figs. 2, 4 and 6. 
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I. ricinus nymphs (Iori et al., 2005; Thorsell et al., 2006), Hyalomma 
marginatum nymphs (Cetin et al., 2010), and Rhipicephalus microplus 
nymphs (Santillán-Velazquez et al., 2013; Silva et al., 2011). The lar-
vicidal properties of J. phoenicea EO was evaluated and proved against 
3rd and early 4th instar larvae of Aedes albopictus (Skuse) mosquitoes 
(Evergetis et al., 2016). J. phoenicea EO also yielded 50% mortality 
against Myzus persicae aphids (Hakimi et al., 2015) and was shown to be 

an effective repellent against I. ricinus nymphs (Garboui et al., 2009) and 
adult mosquitoes (Evergetis et al., 2016). Essential oils of Origanum 
species have been shown to have antibacterial (Dadalioǧlu and Evren-
dilek, 2004; Nostro et al., 2007), antifungal (Chami et al., 2005; Demirci 
et al., 2006; Faleiro et al., 2005), antioxidative (Faleiro et al., 2005), and 
antiparasitic activity (Cetin and Yanikoglu 2006; Dietrich et al. 2006; 
Panella et al. 2005). These activities have been attributed to carvacrol, 

Fig. 4. Time-response curves for different exposure times to 0.5 μl/cm2, or 1 μl/cm2 of J. phoenicea oil, LC50 and LC95 for different exposure times were calculated 
from the curves. 

Table 5 
LC at different exposure times ET for essential oils of A. herba alba, J. phoenicea and O. majorana.  

ET hours Lethal concentrations at 50% mortality (LC50) in μl/cm2 Lethal concentrations for 95% mortality (LC95) in μl/cm2  

A. herba alba J. phoenicea O. majorana A. herba alba J. phoenicea O. majorana 

2 0.3 0 – 0.85 – – 
2.5 0.27 0.35 – 0.75 0.9 – 
3* 0.25 ~ – 0.45* 0.85 – 
3.5 ~ ~ – ~ 0.75 – 
4* ~ ~ – ~ 0.5* – 
4.5* ~ ~ *0.8 ~ ~ – 
5 ~ ~ 0.75 ~ ~ – 
24 ~ ~ 0.45 ~ ~ – 
48 ~ ~ 0.45 ~ ~ – 
72* ~ ~ 0.45 ~ ~ 0.45* 

* The minimum LC95 was 0.45 μl/cm2 at 3 h for A. herba alba, 0.5 μl/cm2 at 4 h for J. phoenicea and 0.45 μl/cm2 at 72 h for O. majorana. LC50 for O. majorana was 0.8 
μl/cm2 at 4.5 h. (~) means same amount as above. Values were calculated from the curves shown in Figs. 2, 4 and 6. 

Table 4 
Lethal times (LT) at different concentrations (cons.) of essential oils from A. herba alba, J. phoenicea and O. majorana.  

Cons. μl/cm2 Lethal Time for 50% morality (LT50) in hours (min ± 2) Lethal Time for 95% mortality (LT95) in hours (min ± 2) 

A. herba alba J. phoenicea O. majorana A. herba alba J. phoenicea O. majorana 

0.5 1.7 h 
(97 ± 2) 

2.25 h 
(135 ± 2) 

9.5 h 
(570 ± 2) 

ª 2.75 h 
(165 ± 2) 

4 h 
(240 ± 2) 

68 h 
(4080 ± 2) 

1.0 1.3 h 
(75 ± 2) 

2.1 h 
(125 ± 2) 

4.25 h 
(255 ± 2) 

ª 1.9 h 
(108 ± 2) 

2.9 h 
(175 ± 2) 

68 h 
(4080 ± 2) 

ª At 1 μl/cm2 of A. herba alba LT95 = 1.9 h Values correspond to the minimum LT95 of the three oils. Values were calculated from the curves shown in Figs. 1, 3 and 5. 
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the major constituent of the chemodiversity of the oil. The amount of 
carvacrol in the essential oil of Origanum species growing in different 
geographical regions varies from 23.4% to 80.4% (Baser and Buchbauer, 
2015). Another study found O. majorana essential oil to contain 
terpinen-4-ol, cis-sabinene hydrate, p-cymene and α-terpineol as its 
primary constituents, with the greatest well-known constituent of this 
herb being carvacrol and thymol (phenols) (Raina and Negi, 2012). We 
found slightly different results here, with the most abundant constitu-
ents of O. majorana being terpinen-4-ol (52.43%), linalyl acetate 
(21.46%), elemene (7.22%) and α-terpineol (6.14%) (Table 2). Com-
mercial pesticides contain linalool as a flea and cockroach insecticide 
(Lewinsohn et al., 2001). Currently, information on the antiparasitic 
activity of the essential oils of Origanum species is very limited, although 
several studies have documented the activities of some of its major 
constituents. However, the insecticidal effects of O. majorana extracts 
and essential oils are known (Koul, 2008; Pavela et al., 2014), as well as 
their acaricidal effects (Attia et al., 2013). 

The main monoterpenoid compounds found in these three oils are 
α-pinene, 1,8-cineol, camphor, borneol, linalool, terpinene-4-ol, α-ter-
pinol, β-caryophyllene and 3-thujanon, although in markedly different 
concentrations in the different oil (Table 2). These compounds cause 
death in many arthropod species by inhibiting acetyl-cholinesterase 

activity in their nervous systems, which use octopamine as a neuro-
transmitter (Houghton et al., 2006). There are many studies showing the 
effect of these compounds on octopamine receptors, which are specific 
for the octopaminergic nervous systems of invertebrates including Acari 
(Bischof and Enan, 2004; Jankowska et al., 2017; Kostyukovsky et al., 
2002). 

We conclude that all the EOs of the Libyan plants A. herba alba, 
J. phoenicea, and O. majorana originating had a significant acaricidal 
effect against I. ricinus nymphs at concentrations of both 0.5 1 μl/cm2 

and 1 μl/cm2. The most effective oil appears to be A. herba alba, followed 
J. phoenicea, although O. majorana also exhibited significant, if consid-
erably less, acaricidal activity (Figs. 7, 8). Since similar results were 
found using both concentrations of EO, we recommend using the lower 
dose of 0.5 μl/cm in tick control. This dosage is adequate to produce an 
acaricidal effect rather quickly and well within the critical first 24 h of 
tick attachment to the host. These effects were then taking place much 
before the potential pathogen transmission, which is estimated to 
require usually longer than 24 h for the spirochaetes Borrelia (Cook, 
2015; Hynote et al., 2012). Even with the weaker effect from 
O. majorana, we still had an acceptable result even at the lower dose. 
Further studies on EOs to assess both their proper in vivo dosage as well 
their safety (i.e. toxicity assays of these EOs against mammals/chickens) 

Fig. 5. Percentage mortality of I. ricinus nymphs exposed to 0.5 μl/cm2, or 1 μl/cm2 of O. majorana oil.  

Table 6 
Lethal times (LT) at different concentrations (cons.) of essential oils from A. herba alba, J. phoenicea and O. majorana.  

Cons. μl/cm2 Lethal Time for 50% morality (LT50) 
in hours (min ± 2) 

Lethal Time for 95% mortality (LT95) 
in hours (min ± 2)  

A. herba alba J. phoenicea O. majorana A. herba alba J. phoenicea O. majorana 

0.5 1.7 h 
(97 ± 2) 

2.25 h 
(135 ± 2) 

9.5 h 
(570 ± 2) 

ª 2.75 h 
(165 ± 2) 

4 h 
(240 ± 2) 

68 h 
(4080 ± 2) 

1.0 1.3 h 
(75 ± 2) 

2.1 h 
(125 ± 2) 

4.25 h 
(255 ± 2) 

ª 1.9 h 
(108 ± 2) 

2.9 h 
(175 ± 2) 

68 h 
(4080 ± 2) 

ª At 1 μl/cm2 of A. herba alba LT95 = 1.9 h Values correspond to the minimum LT95 of the three oils. Values were calculated from the curves shown in Figs. 1, 3 and 5. 
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Fig. 6. Time-response curves for different exposure times for 0.5 μl/cm2, and 1 μl/cm2 of O. majorana oil. LC50 and LC95 for different exposure times were calculated 
from the curves. 

Fig. 7. Comparison between % mortality of I. ricinus exposed to A. herba alba, J. phoenicea, and O. majorana oils at fixed concentration of 1 μl/cm2.  
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need to be performed since a common concern regarding EOs used as 
medical products is that they might have untoward effects on hosts or on 
those applying the products. 

Declarations of interest 

None, from all the authors. 

Ethical statement 

All the authors have read and approved “Policies for authors“ and 
“Ethics” information provided by Elsevier at the following address: 
https://www.elsevier.com/authors/journal-authors/policies-and-eth 
ics. 

Acknowledgments 

The authors thank T. G. T Jaenson (Uppsala University) and K. 
Pålsson (Royal Institute of Technology) for the help with experiments 
and statistical analysis. FE is also grateful to The Ministry of Higher 
Education and Scientific Research of Libya for funding. 

References 

Andreotti, R., Guerrero, F.D., Soares, M.A., Barros, J.C., Miller, R.J., Léon, A.P.D., 2011. 
Acaricide resistance of Rhipicephalus (Boophilus) microplus in state of Mato Grosso do 
Sul, Brazil. Rev. Bras. Parasitol. Vet. 20, 127–133. 

Attia, S., Grissa, K.L., Lognay, G., Bitume, E., Hance, T., Mailleux, A.C., 2013. A review of 
the major biological approaches to control the worldwide pest Tetranychus urticae 
(Acari: Tetranychidae) with special reference to natural pesticides. J. Pest. Sci. 86, 
361–386. 

Aziz, Al Thabiani, Alshehri, Mohammed Ali, Panneerselvam, Chellasamy, 
Murugan, Kadarkarai, Trivedi, Subrata, Mahyoub, Jazem A., Hassan, Moawia 
Mukhtar, Maggi, Filippo, Sut, Stefania, Dall’Acqua, Stefano, Canale, Angelo, 
Benelli, Giovanni, 2018. The desert wormwood (Artemisia herba-alba) - From 
Arabian folk medicine to a source of green and effective nanoinsecticides against 
mosquito vectors. Journal of Photochemistry and Photobiology B: Biology, Volume 
180 (2018), 225–234. https://doi.org/10.1016/j.jphotobiol.2018.02.012. 

Baladrin, N., Klocke, J., Wurtle, E., Bollinger, W., 1985. Natural plant chemicals: sources 
of industrial and medical materials. Science 228, 1154–1660. 

Baser, K.H.C., Buchbauer, G., 2015. Handbook of Essential Oils: Science, Technology, 
and Applications. CRC Press, Taylor & Francis Group, Boca Raton, Florida.  

Bhattacharya, B., Sarkar, S.K., Mukherjee, N., 2003. Organochlorine pesticide residues in 
sediments of a tropical mangrove estuary, India: implications for monitoring. 
Environ. Int. 29, 587–592. 

Bischof, L.J., Enan, E.E., 2004. Cloning, expression and functional analysis of an 
octopamine receptor from Periplaneta americana. Insect Biochem. Mol. Biol. 34, 
511–521. 

Bshana, E.-G.A.A.S., 1997. In: Bshana, E.-G.A.A.S. (Ed.), Usages of some plants in lbyan 
folk medicine, , 1 ednVol 1. Libya (Libyan company), Zaouia.  

Centers for disease control and prevention (CDC), 2017. Tickborne Disease Surveillance 
Data Summary. https://www.cdc.gov/ticks/data-summary/index.html (accessed 31 
March 2020).  

Cetin, H., Cilek, J., Oz, E., Aydin, L., Deveci, O., Yanikoglu, A., 2010. Acaricidal activity 
of Satureja thymbra l. essential oil and its major components, carvacrol and 
γ-terpinene against adult Hyalomma marginatum (Acari: Ixodidae). Vet. Parasitol. 
170, 287–290. 

Cetin, H., Yanikoglu, A., 2006. A study of the larvicidal activity of Origanum (Labiatae) 
species from southwest Turkey. Journal of Vector ecology 31 (1), 118–122. 

Chagas, A.D.S., 2004. Controle de parasitas utilizanto extratos vegetais. In: Embrapa 
Caprinos e Ovinos-Artigo em anais de congresso (ALICE), 2004. Rev. Bras. Parasitol. 
Vet. 13, 156–160. 

Chami, N., Bennis, S., Chami, F., Aboussekhra, A., Remmal, A., 2005. Study of 
anticandidal activity of carvacrol and eugenol in vitro and in vivo. Oral Microbiol. 
Immunol. 20, 106–111. 

Chauhan, R., Bhushan, B., Khurana, S., Mahipal, S., 1995. Effect of pesticides on 
immuno-competence of animals and their public health significance. In: Impact of 
Modern Agriculture on Environment. Maxmullar Bhavan, New Delhi, pp. 169–178. 

Chhabra, M., Saxena, M., 1998. The use of phytotherapeutic agents for the control of 
acariasis in animals: A review. J. Vet. Parasitol. 12, 3–8. 

Clemente, M.A., de Oliveira Monteiro, C.M., Scoralik, M.G., Gomes, F.T., de Azevedo 
Prata, M.C., Daemon, E., 2010. Acaricidal activity of the essential oils from 
Eucalyptus citriodora and Cymbopogon nardus on larvae of Amblyomma cajennense 
(Acari: Ixodidae) and Anocentor nitens (Acari: Ixodidae). Parasitol. Res. 107, 
987–992. 

Cook, M.J., 2015. Lyme borreliosis: a review of data on transmission time after tick 
attachment. Int. J. Gen. Med. 8, 1. 

Coskun, S., Girisgin, O., Kürkcüoglu, M., Malyer, H., Girisgin, A.O., Kırımer, N., Baser, K. 
H., 2008. Acaricidal efficacy of Origanum onites l. essential oil against Rhipicephalus 
turanicus (ixodidae). Parasitol. Res. 103, 259–261. 

Dadalioǧlu, I., Evrendilek, G.A., 2004. Chemical compositions and antibacterial effects of 
essential oils of Turkish oregano (Origanum minutiflorum), bay laurel (Laurus nobilis), 
Spanish lavender (Lavandula stoechas l.), and fennel (Foeniculum vulgare) on common 
foodborne pathogens. J. Agric. Food Chem. 52, 8255–8260. 

Daemon, E., de Oliveira Monteiro, C.M., dos Santos Rosa, L., Clemente, M.A., 
Arcoverde, A., 2009. Evaluation of the acaricide activity of thymol on engorged and 

Fig. 8. Comparison between % mortality of I. ricinus exposed to A. herba alba, J. phoenicea, and O. majorana oils at fixed concentration of 0.5 μl/cm2.  

F. Elmhalli et al.                                                                                                                                                                                                                                

https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0005
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0005
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0005
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0010
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0010
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0010
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0010
https://doi.org/10.1016/j.jphotobiol.2018.02.012
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0015
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0015
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0020
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0020
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0025
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0025
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0025
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0030
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0030
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0030
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0035
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0035
https://www.cdc.gov/ticks/data-summary/index.html
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0045
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0045
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0045
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0045
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf5010
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf5010
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0050
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0050
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0050
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0055
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0055
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0055
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0060
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0060
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0060
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0065
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0065
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0070
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0070
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0070
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0070
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0070
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0075
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0075
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0080
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0080
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0080
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0085
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0085
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0085
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0085
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0090
http://refhub.elsevier.com/S2405-9390(21)00047-2/rf0090


Veterinary Parasitology: Regional Studies and Reports 24 (2021) 100575

10

unengorged larvae of Rhipicephalus sanguineus (Latreille, 1808) (acari: Ixodidae). 
Parasitol. Res. 105, 495. 

de Monteiro, C.M., Maturano, R., Daemon, E., Catunda-Junior, F.E.A., Calmon, F., de 
Souza Senra, T., Faza, A., de Carvalho, M.G., 2012. Acaricidal activity of eugenol on 
Rhipicephalus microplus (Acari: Ixodidae) and Dermacentor nitens (acari: Ixodidae) 
larvae. Parasitol. Res. 111, 1295–1300. 

Demirci, B., Baser, K.H.C., Tabanca, N., Wedge, D.E., 2006. Characterization of volatile 
constituents of Haplopappus greenei and studies on the antifungal activity against 
phytopathogens. J. Agric. Food Chem. 54, 3146–3150. 

Dietrich, G., Dolan, M.C., Peralta-Cruz, J., Schimdt, J., Piesman, J., Eisen, R.J., 
Karchesy, J.J., 2006. Repellent activity of fractioned compoundsfrom 
Chamaecyparis nootkatensis essential oil against nymphal Ixodes scapularis (Acari: 
Ixodidae). J. Med. Entomol. 43, 957–961. 

El-Mogrebi, E.-G.A.A.M., 2003. In: El-Mogrebi, E.-G.A.A.M. (Ed.), Usages of Plants in 
Libyan Folk-Medicine, vol 3. Libyan University, Zaouia, Libya.  

El-Seedi, H.R., Azeem, M., Khalil, N.S., Sakr, H.H., Khalifa, S.A.M., Awang, K., Saeed, A., 
Farag, M.A., Al Ajmi, M.F., Pålsson, K., Borg-Karlson, A.-K., 2017. Essential oils of 
aromatic egyptian plants repel nymphs of the tick Ixodes ricinus (acari: Ixodidae). 
Exp. Appl. Acarol. 73, 139–157. https://doi.org/10.1007/s10493-017-0165-3. 

Estrada-Peña, A., Jongejan, F., 1999. Ticks feeding on humans: a review of records on 
human-biting ixodoidea with special reference to pathogen transmission. Exp. Appl. 
Acarol. 23, 685–715. https://doi.org/10.1023/a:1006241108739. 

Evergetis, E., Michaelakis, A., Papachristos, D., Badieritakis, E., Kapsaski-Kanelli, V., 
Haroutounian, S., 2016. Seasonal variation and bioactivity of the essential oils of two 
Juniperus species against Aedes (Stegomyia) albopictus (Skuse, 1894). Parasitol. Res. 
115, 2175–2183. 

Faleiro, L., Miguel, G., Gomes, S., Costa, L., Venâncio, F., Teixeira, A., Figueiredo, A.C., 
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