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Abstract Resistance to conventional synthetic pesticides has
been widely reported in Dermanyssus gallinae in poultry pro-
duction systems. Introducing novel acaricides to poultry in-
dustry today is more urgent than ever. Research in this field
recently focused on plants and plant-derived compounds as
acaricides. In the present study, acaricidal activity of three
plant bioactive components, carvacrol, thymol, and farnesol,
was assessed against D. gallinae and compared with synthetic
pesticide permethrin. Mode of acaricidal action was deter-
mined by contact toxicity and fumigant toxicity bioassays.
Except farnesol which did not cause any mortality, carvacrol
and thymol were found to be toxic to D. gallinae with LD50
values of 1 and 3.15 pg/cm’, respectively. Permethrin gave
the LD50 value of 31.95 pg/cm® which was less efficient than
carvacrol and thymol. In fumigant toxicity bioassay, mortality
rate in carvacrol- and thymol-treated groups in closed method
was significantly higher than the open one. On the other hand,
permethrin exhibited poor fumigant toxicity as there was no
statistically significant difference between mortality rate in
open and closed methods. These findings revealed that mech-
anism of acaricidal activity of carvacrol and thymol but not
permethrin was mainly due to fumigant action. Results of the
present study suggested that carvacrol and thymol, especially
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carvacrol, can be developed as a novel potent bioacaricide
against D. gallinae.
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Introduction

The poultry red mite, Dermanyssus gallinae (Acari,
Mesostigmata, Dermanyssoidea, Dermanyssidae), poses the
most economically deleterious threat to laying hen industry
in many parts of the world, including the USA, Europe,
Japan, China, and Iran (Chauve 1998; Sparagano et al.
2009a; Wang et al. 2010; Faghihzadeh Gorji et al. 2014).
Prevalence of poultry red mite in laying hen houses varies
from 20 to 90 %, based on the country and production system
(Sparagano et al. 2009). Studies in Iran revealed that
D. gallinae is the most prevalent blood feeder mite in the
breeder and caged layer flocks (Rahbari et al. 2009). The
blood feeding behavior of mite results in stress, restlessness,
irritation, anemia, and even death in heavy infestations due to
exsanguinations (Kirkwood 1968). Poultry red mites are po-
tential vectors of several pathogens including Sal/monella
enterica (Hamidi et al. 2011), Erysipelothrix rhusiopathiae
(Chirico et al. 2003), and Avipox virus (Chikuba et al.
2008). From the economical point of view, this blood-
sucking pest causes production losses and decrease meat
(15 %) and egg production (15-20 %) and may even cause
death of its host (67 %) (Kilpinen et al. 2005). Production in
laying hens is affected through decline in the growth rate and
great decreases in egg production and egg quality (shell thin-
ning and blood spotting on the shell surface) (Chauve 1998).
Control of red mite population is primarily achieved by con-
tinued applications of various synthetic acaricides such as
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organophosphates, pyrethroids, and carbamates. Their repeat-
ed use has often resulted in the development of mite resistance
(Kim et al. 2004; Fiddes et al. 2005; Kocisova and Plach y
2008). Also, in laying production system, residues in eggs
may develop safety issues for human health (Kim et al.
2007). Therefore, it is becoming increasingly important to
identify new sources for the control of D. gallinae in poultry
production systems. Plants have been suggested as an alterna-
tive source for mite control because of low non-target organ-
ism toxicity, short environment persistence, biodegradation to
non-toxic products, and organic food production (Isman
2008). Certain plant extracts and essential oils meet the criteria
of minimum risk pesticides (US EPA 2004) so focus has been
on them and their constituents as potential sources of acari-
cides. Recently, many research studies were done on studying
the effects of plant extracts and essential oils on D. gallinae
(Kim et al. 2004; Kim et al. 2007; Abdel-Ghaffar et al. 2008;
Abdel-Ghaftfar et al. 2009; George et al. 2009a, b, c). But, in
applying essential oils as pesticides, some points should be
considered; the most important is probable difference in
chemical composition of essential oils from the same or taxo-
nomically similar species of plants (Cimanga et al. 2002).
These differences will affect the activity of plant essential oils,
making it difficult to recommend any essential oil for its bio-
cidal activity by taxonomy alone (Miresmailli et al. 2006). An
approach to resolve this problem is isolation of bioactive com-
ponents from the plant essential oils and applying them as
acaricides. Sparagano et al. (2013) showed that three such
components found in essential oils especially terpenes, as eu-
genol, geraniol, and citral, were effective against the poultry
red mite. Carvacrol is a monoterpene phenol that occurs in
many essential oils of the family Labiatae, including
Origanum, Satureja, Thymbra, Thymus, and Coridothymus
species (Jayakumar et al. 2012). Carvacrol was reported to
have broad insecticidal and acaricidal activity against agricul-
tural, stored-product, and medical arthropod pests (Ahn et al.
1998). Thymol is a monoterpene phenol which can be found
in essential oils of thyme, Thymus vulgaris or Thymus zygis.
Thymol constitutes up to 80 % of the major compounds of
thyme essential oils (Archana et al. 2011). Farnesol is an acy-
clic sesquiterpene occuring in many herbs including
chamomile that possesses antibacterial and antifungal
properties(Horn et al. 2005). It was classified as an active
ingredient in biochemical pesticides (Hollis 2009). Bearing
in mind the above, the present study aimed to assess the acar-
icidal activity of carvacrol, thymol, and farnesol on
D. gallinae.

Material and methods

D. gallinae used in experiments were collected from a com-
mercial laying poultry farm in Gorgan, Iran. Mites were
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placed in a sealable, transparent glass container and stored at
temperature of 25 (+1) °C and relative humidity of 55 % (+5)
1 day prior to use. Carvacrol, farnesol, and thymol were pur-
chased from Sigma (Sigma-Aldrich, Germany) and stored in a
sealed brown container until bioassays. Permethrin (95 % pu-
rity) was obtained from Fouman Chimie (Tehran, Iran). All
other chemicals were of analytical grade and available
commercially.

Contact toxicity bioassay

Contact toxicity bioassay was done according to the method
described by Kim et al. (2007) and Locher et al. (2010) to
evaluate the efficacy of plant-derived bioactive components
(carvacrol, farnesol, and thymol) in comparison to synthetic
insecticide (permethrin) against D. gallinae. For this purpose,
out of Whatman filter papers (no. 2), circles with 4.25-cm
diameters were made. Ten different dilutions of carvacrol,
farnesol, and thymol (equal to 150, 70, 35, 20, 10, 5, 2.5, 1,
0.5, and 0.125 pg/ cm?) in 50 ul ethanol were applied to filter
papers. Control filter papers received only 50 ul of ethanol.
Permethrin served as standard reference and was prepared in
dilutions similar to the test compounds. Treated filter papers
were dried in a fume hood for 3 min; each paper was then
placed on the bottom of a disposable petri dish (4.8 cm diam-
eterx 1.4 cm). About 150 adult mites were introduced into the
petri dishes containing treated filter papers on a piece of cotton
impregnated with distilled water. Each petri dish was then
sealed with another lid and wrapped with parafilm. Contact
test for all of the groups of study was done in the same con-
dition at 25 (1) °C and 55 % (&5) humidity. Three replicates
were run concurrently for all tested compounds as well as
control.

Fumigant toxicity bioassay

LD50 values obtained from contact test were used in fumigant
bioassay to determine whether the lethal activity of the test
compounds against D. gallinae was related to contact or fu-
migant toxicity. Selected dilutions of test compounds, each in
50 ul of ethanol, were applied to 4.25-cm diameter Whatman
no. 2 filter papers. Filter papers were dried and then placed in
polyvinyl chloride (PVC) containers with screw caps (4 cm
diameterx 7 cm). Groups of 50 adult mites were placed in 1.5-
ml cylindrical containers and then both sides of the container
were covered with 200-mesh screen to allow for entrance of
vapors from the test compounds. Then, the cylindrical con-
tainers with mites in them were transferred to PVC vessels.
Vessels were either sealed with a layer of parafilm and then
screw caps were added (method A), or left uncovered (method
B). This system avoided direct contact of mites with filter
papers. All treatments were replicated three times under the
same experimental conditions as contact test. In both contact
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and fumigant bioassays, after 24 h, mite mortality rates were
determined under a loop by prodding mites with a pin. If no
movement was observed, mites were considered as dead.

Data analysis

To determine LD50, LD90, and LD99 values, mortality data
were subjected to probit analysis (SPSS, 2013). The LD50,
LD90, and LD99 values of the treatments were considered to
be significantly different from one another when 95 % confi-
dence limits (CLs) failed to overlap. The Student-Newman-
Keuls multiple comparisons test was used to test for signifi-
cant differences between open and closed fumigant toxicity
methods.

Results
Contact toxicity

In contact toxicity assay, comparison of LD50 of different
treatments showed that carvacrol with the lowest LD50
(1.00 ug/ cm®) had the highest efficacy against the poultry
red mite in comparison to the other compounds (Table 1).
On the other hand, surprisingly, farnesol not only had no effect
on D. gallinae even in its undiluted pure form but also made
the mites more active in comparison to the control group. As
farnesol did not cause any mortality in contact test, no LD
value was obtained for this compound. In the comparison of
LD90 and LD99 values in different treatments, there was a
significant difference between carvacrol and thymol and also
permethrin. Carvacrol had the lowest LD90 (2.97 pg/cm?®) and
LD99 (7.24 ug/em’) values which were significantly lower
than those of thymol and permethrin. All LD50, LD90, and
LD99 values of thymol and carvacrol, natural plant-derived
compounds, were significantly lower than those of the syn-
thetic chemical permethrin. In Fig. 1, mites are showed before
and after treatment with carvacrol.

Fumigant toxicity
Toxic effects of carvacrol, thymol, and permethrin in vapor

form on D. gallinae were evaluated by fumigant toxicity bio-
assay (Fig. 2). Comparison of mortality rate in permethrin-

treated group and control group showed that permetrin in both
closed and open methods did not cause any significant mor-
tality in D. gallinae. Thymol resulted in higher mortality rate
in comparison to the control and permethrin-treated groups,
but it was statistically significant only in closed method
(P<0.001). The highest mortality rate observed in fumigant
assay belonged to the carvacrol in closed method which was
statistically significant in comparison to all other groups
(P<0.001). Only in carvacrol and thymol groups but not per-
methrin and control that mortality rate in closed method (A)
was significantly higher than that in open method(B). As it
could be expected, farnesol in fumigant toxicity test similar to
contact test again did not cause any mortality in D. gallinae.

Discussion

Resistance of D. gallinae to available synthetic acaricides has
been widely reported from all over the world (Fiddes et al.
2005; Nordenfors et al. 2001; Beugnet et al. 1997). Due to
increasing resistance of D. gallinae to synthetic acaricides and
lack of newly developed effective acaricide, it is likely that
D. gallinae will pose an increasing threat to the world poultry
production. Therefore, new resource of acaricides for effective
control of D. gallinae is urgently needed. Plant essential oils
and plant-derived bioactive compounds have been suggested
as alternatives for mite control. Several essential oils and ex-
tracts have been shown to pose acaricidal activity against
D. gallinae (Kim et al. 2004; Abdel-Ghaffar et al. 2009;
George et al. 2009a, b, c). Locher et al. (2010) described a
neem product, MiteStop®, as an effective botanical acaricide
for the control of the poultry red mite. Based on LD50 values,
Kim et al. (2004) reported that acaricidal activity of some
plant extract preparations was almost comparable to that of
profenofos (a synthetic pesticide). George et al. (2009b) re-
ported that essential oils of thyme, manuka, and pennyroyal
gave for D. gallinae LC99 values less than 0.30 mg/cm?,
confirming that these products are toxic to this pest. In the
present study, carvacrol and thymol showed significant
acaricidal activity against D. gallinae. As jugged from LD50
values, carvacrol was the most potent acaricides for
D. gallinae. Jeong et al. (2008) reported acaricidal activity
of thyme oil against Tyrophagus putrescentiae, a stored food
mite. They purified biologically active constituents of thyme

Table 1  Contact toxicity of carvacrol, thymol, farnesol, and permethrin against Dermanyssus gallinae based on 24-h exposure time

Bioactive compound ~ No. of mites ~ LD50 (ug/em®) 95 % CL  LD90 (ng/em®) 95 % CL  LD99 (ug/em®) 95 % CL  Slope (+SE)
Carvacrol 452 1.00 (0.84-1.15) 2.97 (2.52-3.74) 7.24 (5.5-10.61) 6.43 (£0.71)
Thymol 455 3.51(3.144.32) 13.03 (10.05-18.48) 36.57 (24.6-63.53) 2.76 (£0.52)
Farnesol 453 - - - -
Permethrin 449 31.95 (28.78-46.22) 53.06 ( 44.08-61.97) 110.21 ( 98.8-123.32) 1.31 (£0.33)
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Fig. 1 Mites before (left x40)
and after (right x20) treatment
with carvacrol

oil and revealed carvacrol and thymol as major acaricidal
components. These researchers identified carvacrol as the
most toxic component with LD50 of 4.5 pg/cm?
significantly different from thymol with 11.1 pg/cm?. Their
findings were in line with the results of the present study
which found carvacrol as the most efficient acaricide in
comparison to other compounds. George et al. (2009b) report-
ed LD50 values of 0.014 and 0.039 mg/ cm?® for thyme oil,
while in the present study, carvacrol gave a LD50 value of
1 pg/cm® and thymol 3.51 pg/cm®. Comparison of the
obtained LD50 values with the results of George et al.
(2009b) revealed that, probably, acaricidal activity of thyme
oil primarily is for its thymol and carvacrol constituents. The
lower LD50 value of carvacrol represented that it may be the
main contributor of the toxicity of thyme oil against
D. gallinae.

Kim et al. (2007) showed that toxic effects of some plant
preparations against D. gallinae were mainly caused by action

e
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Thymol

Fig.2 Mean mortality rate of D. gallinae in fumigant toxicity bioassay in
open (a) and closed (b) methods at the pre-determined LD50 value for
each compound. Means are presented with standard errors. Means not
sharing a common /etter are significantly different (Student-Newman-
Keuls multiple comparisons test (P<0.05)
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in the vapor phase. In the current study, fumigant toxicity of
carvacrol and thymol to D. gallinae was noticeable. Mortality
rate of D. gallinae for carvacrol and thymol in closed method
was significantly higher than in the open one. These results
indicated that the acaricidal action of carvacrol and thymol is
mostly associated with fumigant toxicity. In common with
these findings, George et al. (2009b) described fumigant tox-
icity of thyme, manuka, and pennyroyal oil against D. gallinae
by fumigant toxicity. Acaricidal action against D. gallinae
mainly by fumigant toxicity because of behavioral characteris-
tics of this mite could be considered as a beneficial trait. The
poultry red mite only feeds for short periods in dark hours
every few days and other times hides in the cracks and crevices
of the poultry cages. This may make it tough to eliminate
D. gallinae by means of only contact toxic acaricide.
Carvacrol and thymol due to significant fumigant acaricidal
efficacy can be very useful as potential control agents against
D. gallinae.

Permethrin exhibited less acaricidal activity than carvacrol
and thymol in both contact and fumigant toxicity assays.
Probably, population of mites used in the present study were
partly resistant to permethrin. Meanwhile, mortality rate for
permethrin in fumigant toxicity test in comparison of closed
and open methods did not show any significant difference.
This may be due to lower fumigant activity of permethrin than
that of carvacrol and thymol. As previously mentioned, in
farnesol-exposed mites, not only that no mortality was record-
ed but also that noticeable increase in mite activity was ob-
served. This made the authors to explore more for understand-
ing possible underlying mechanism of mite hyper-activation.
Reviewing literature manifests that the identical chemical to
farnesol was isolated from female mites, where the chemical
serves as sex pheromones to attract male mites for mating
(Regev and Cone 1976). This may explain why mites exposed
to farnesol became more active and this compound per se
could not serve as a pesticide against D. gallinae.
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George et al. (2009a, 2009b) in two separate studies
showed that in spite of using mites and essential oils from
the same source, they obtained different LD50, LD90, and
LD99 values for essential oils. To achieve more reliable and
repeatable results and omitting inconsistence in findings, ap-
plying bioactive constituents of essential oils such as what was
done in present study could be suggested. Variation in the
efficacy of essential oils has been reported as one reason for
the poor market penetration of plant-derived insecticides
(Isman 2008). To compete synthetic acaricides and to obtain
organic animal products with less concern about residues, po-
tentially active constituents of plants, such as carvacrol and
thymol, can be used as novel bioacaricide.
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