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Abstract

The red mite Dermanyssus gallinae affects poultry production mainly of laying hens by
feeding on its blood. Its control is carried out using chemical acaricides, toward which its
resistance increases. The aim of this study was to evaluate the acaricidal activity of essential
oil (EO) of coriander (Coriandrum sativum) at concentrations of 1, 2 and 3 mg/cm2 through
contact bioassays on adults of D. gallinae, compared to a chemical acaricide (Neguvón®).
The mites were collected from backyard hens (Gallus gallus L.). Six replicates were
performed per treatment. Statistically, mortality percentages were established and an ANOVA
was carried out. The lethal activity percentage was established. Additionally, the median
lethal concentration (LC50 ) and the median lethal time (TL50 ) were estimated. Coriander EO
caused 100 % mortality on D. gallinae population 25 min after contact with a concentration
of 2 and 3 mg/cm2 and after 30 min with a lower concentration of 1 mg/cm2 . The LC50 of the
coriander EO was 1.3 mg/cm2 , with a 13 min TL50 on the D. gallinae population. The EO of
coriander is suggested as an alternative to be used instead of the chemical acaricides for the
control of the red poultry mite D. gallinae.
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Introduction [T2]

The red poultry mite Dermanyssus gallinae (De Geer, 1778) belongs to the Arachnida (De
Geer, 1778) class and to the Dermanyssidae family. Further, it is the most abundant species
within this group (Walter & Proctor, 2013). It is an hematophagous ectoparasite that causes
important damage in poultry production systems (Rodríguez-Vivas & Cob-Galera, 2005),
especially in breeding operations of laying hens, in which egg production can fall up to 25 %,
decreasing its quality and causing weight loss, anemia and mortality in birds (Green,
Sparling, & Sperling, 2007). Moreover, this pest is commonly found worldwide (Kim, Na,
Yi, Kim, & Ahn, 2007).

Synthetic acaricides are used for its control but there are populations that have developed
resistance to pesticides such as carbamates and pyrethroids (George et al., 2015), increasing
the problem (George, Callaghan, Guy, & Sparagano, 2008). Alternative substances have been
assessed for its control, including essential oils of coriander (Coriandrum sativum), lavender
(Lavandula angustifolia), thyme (Thymus vulgaris), manuka (Leptospermum scoparium),
pennyroyal (Mentha pulegium), sweet basil (Ocimum basilicum), mint (Mentha spicata),
garden savory (Satureja hortensis), cinnamon (Cinnamomum zeylanicum) and eucalyptus
(Eucalyptus globulus), with toxic results on D. gallinae through contact trials (Kim, Yi, Tak,
& Ahn, 2004; Kim et al. al., 2007; George, Smith, Shiel, Sparagano, & Guy, 2009; Magdaş,
Cernea, Baciu, & Şuteu, 2010; Nechita, Poirel, Cozma, & Zenner, 2015). Likewise,
entomopathogenic fungi such as Beauveria bassiana and Metharhizium anisopliae with high
mortality rates have been studied (Steenber & Kilpinen, 2003; Tavassoli, Ownag, Porseyed,

& Mardani, 2008). However, other alternatives must be evaluated, because the final control
solution has not been determined.

Pesticides based on natural products have been used as an alternative to mitigate the attack
of mites, both hematophagous as well as phytophagous. Such is the case of essential oils (EO)
whose use is viable thanks to their low toxicity for mammals and due to their biodegradability
(Toloza, Zygadlo, Biurrun, Rotman, & Picollo, 2010). EOs with insecticidal properties have
been successfully marketed in specific agricultural applications and meet minimum risk
criteria as pesticides (United States Environmental Protection Agency [ US EPA ], 2004).
According to Toloza (2010), natural insecticides such as EO are a viable option and should
be taken into account for the development of new environmentally friendly products.

On the other hand, coriander (Coriandrum sativum L.) is an annual herbaceous plant, which
belongs to the family Apiaceae (Mahendra & Bisht, 2011) and contains EO in leaves, stems,
flowers, fruits, seeds, roots and bark (Mandal & Mandal, 2015). EO yield of C. sativum and
its chemical composition undergo changes during ontogenesis (Bhuiyan, Begum, & Sultana,
2009), but its major constituent is linalool; in addition, it also contains limonene, α-pinene,
camphene, geranyl acetate, linalyl acetate, geraniol, terpin-4-ol, α-terpineol, c-terpenepinene,
myrcene and camphor (Zeb, 2016). These compounds have a broad spectrum of biological
activities, including their insecticidal (Pavela & Vrchotová, 2013) and acaricide (Song, Yang,
Suh, & Lee, 2011) functions. The activity of EOs depends on their composition, which is
affected by factors such as their genetic structure, climate and agricultural practices (Telci,
Toncer, & Sahbaz, 2006).

According to the aforementioned, the aim of this study was to evaluate the acaricidal activity
of the coriander (C. sativum) EO against the red poultry mite (D. gallinae), under controlled
laboratory conditions.

Materials and methods [T2]

Dermanyssus gallinae breeding [T3]

Colonies of D. gallinae mites were collected under the feathers and chest of Gallus gallus
hens (L., 1758) (Birds: Galliformes: Phasianidae), and from slits in the poultry houses in a
backyard production located in Finca Samaría, in Duitama (department of Boyacá,
Colombia). The specimens of D. gallinae were immediately transferred to polyethylene
containers (4.8 cm × 8.4 cm) and covered. The mites were transported to the Plant Health
Laboratory of Fundación Universitaria Juan de Castellanos in the city of Tunja (Department
of Boyacá, Colombia). In the laboratory, the mites were placed in a Petri dish on filter paper
and a piece of wet cotton and sealed with Parafilm®; they were maintained at a temperature
between 20 ± 9 °C and a relative humidity of 60-90 %, with cycles of 16: 8 light-dark hours.
Tests were carried out within 2 days after the mites were collected. These specimens were
not fed because they can survive up to eight months away from poultry without feeding and
they also resist desiccation (Chauve, 1998).

Bioassays [T3]

For this type of test, parameters of established and standardized methodologies were followed
with some modifications due to laboratory conditions, such as those published by Kim et al.
(2004) and George et al. (2009).

Coriander EO was purchased at Bioryz Biovegetal (Bogota, Colombia). In order to evaluate
their acaricidal activity, contact bioassays were carried out with filter paper on D. gallinae
adults. To do this, concentrations of 1.0, 2.0 and 3.0 mg/cm2 of C. sativum EO were applied
on filter paper (Whatman No. 2, and 4.25 cm of diameter) in 50 μl of ethanol 70 %. The
control treatment was carried out with 50 μl of ethanol and using the commercial acaricide
(Neguvón®) as a standard, whose active ingredient is trichlorfon, in order to compare the
toxicity tests. The filter paper was dried in an extractor hood for 2 minutes; later, the filter
paper was placed in the lower part of a Petri dish (4.8 cm in diameter x 1.2 cm in height).
Ten adult mites were placed in each box together with a piece of cotton (5 mm x 5 mm)
impregnated with 100 μl of distilled water. Then, each Petri dish was covered with a lid and
sealed with Parafilm®. Each treatment was repeated six times.

Finally, mortality was determined every 5 min after exposure to treatments, for which a
Motic® SMZ-168 stereomicroscope was used. Adults were considered dead if their
appendages did not move when they were punctured with a fine pin. Twenty-four hours later,
residuality tests were carried out.

Statistical analysis [T3]

Mortality percentage was established with the equation of Henderson and Tilton (1995),
meanwhile, the lethal activity was classified according to Kim et al. (2007) as follows. Strong
mortality is > 80 %; moderate i 80-61 %; weak is 60-40 %; and little or no activity is < 40 %.
The analysis of variance (ANOVA ) was carried out and a nonparametric analysis was
performed, using the Shapiro-Wilk test (n < 30). In addition, significant differences were
analyzed through the Kruskal-Wallis test, and with the Tukey test, significant differences
were evaluated between the treatments and the exposure time. The median lethal
concentration (LC50) was estimated with the Probit analysis using the BioStat program
(2009). Likewise, the median lethal time (TL50) for each concentration was determined with
the slope of the line containing 50 % of the mortality value and the X and Y values in the
equation (Y = A + BX) were replaced to find A for each treatment.

Results and Discussion [T2]

The acaricidal activity of coriander (C. sativum) on adult red poultry mites (D. gallinae)
through contact bioassays, according to different doses and exposure times is presented in
table 1.

Table 1. Acaricide activity of coriander (C. sativum) EO against adult red poultry mites (D.
gallinae) through contact bioassays

Mortality (mean ± S.E. [%])a

Dose
mg/cm2

5 min

10 min

15 min

20 min

25 min

30 min

1

5.0 ± 3.4c

31.6 ± 7.4ab

60.0 ± 8.1a

81.7 ± 4.01b

93.3 ± 2.1b

100 ± 0.0

2

1.7 ± 1.6c

23.3 ± 4.9b

53.33 ± 9.5a

88.3 ± 6.0ab

100 ± 0.0a

3

18.3 ± 1.7b

43.3 ± 5.5a

70 ± 7.3a

90.0 ± 4.4ab

100 ± 0.0a

control

0c

0c

0b

0c

0c

CA

100 ± 0.0a

a data

0

with the same letter in each column expresses that there are no significant differences at p = 0.05. CA:

Commercial acaricide Neguvón®, chemical control treatment.

Source: Elaborated by the authors

According to the data reported in table 1, it can be established that the dose of 3 mg/cm2 is
the one that offers the highest mortality at any time (5, 10, 15, 25 and 30 minutes). The
efficacy of the evaluated doses of coriander EO (1, 2 and 3 mg/cm2 ) showed strong mortality
(100 % mortality) after 30 min of contact. In the control group, all individuals survived,
meanwhile the chemical control group, from the first moment there was contact with the
mites the mortality was 100 %. The mean and standard error is reported with the
untransformed data. The times and treatments are compared with the Kruskal-Wallis test and
there were significant differences p < 0.05 according to the dose applied and the exposure
time.

Kim et al. (2004) reported 100 % mortality in D. gallinae after 24 hours of contact with
coriander EO at 0.07 mg/cm2 . In the current study, coriander EO caused 100 % mortality on

the population of D. gallinae 25 min after contact with a concentration of 2 and 3 mg/cm2 ,
and after 30 min with a lower concentration of 1 mg/cm2 . Magdaş et al. (2010) reported
100 % mortality after 24, 48 and 72 hours of contact of D. gallinae with coriander EO at 0.4
and 0.6 mg/cm2 in in vitro tests, using the direct contact method. When comparing previous
works with the current study, the effect of coriander EO on D. gallinae is faster, reaching
100 % mortality with the three concentrations evaluated after 30 minutes of exposure.

The doses of coriander EO in ethanol evaluated (1.0, 2.0 and 3.0 mg/cm2 ) on D. gallinae, are
relatively high compared to the results published by other authors (Kim et al., 2004; Magdaş
et al., 2010; Nechita et al., 2015), which demonstrates a faster way to eliminate the target
pest with a low residual toxicity, as proposed by George, Olatunji, Guy and Sparagano
(2010). In this case, no residual activity of coriander EO was recorded on D. gallinae 24 hours
after application and 100 % mortality was reached after 30 min of exposure. According to
Isman (2000), the lack of residual toxicity of volatile compounds could be considered
beneficial, because the environmental persistence of bioactive compounds will be low. On
the other hand, according to George et al. (2008), essential oils are very volatile in nature, so
the effect is of short duration, and if they are used as acaricides, they act in the vapor phase.
In addition, according to the results of Kim et al. (2004, 2007), coriander EO was more
effective on D. gallinae in closed containers, indicating that the route of action of essential
oils is largely in the vapor phase through the respiratory system; although the authors do not
know its mode of action.

The LC50 of the coriander EO was 1.301 mg/cm2 and it was reached in a TL50 of 13 min,
which reduced 50 % of the population of D. gallinae (figure 1). For the control group, no
values were recorded, because they were null (zero) from 5 min to 30 min after exposure;
similarly, there are no values for the commercial acaricide, as mortality was 100 % after 5
min (figure 1).
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Figure 1. Lethal concentration time of C. sativum EO on D. gallinae established from the
slope of the line with 50 % mortality; X and Y values were replaced in the equation
(Y = A + BX).
Source: Elaborated by the authors

It could be considered that the lethality of the coriander EO on D. gallinae is due to the
presence of linalool. According to Khani and Rahdari (2012) and Chung et al. (2012),
approximately 70 % of the chemical composition of this oil is linalool. Studies on the mode
of action of EOs indicate that there is neurotoxic activity, including hyperactivity,
convulsions, and tremors, followed by paralysis, symptoms similar to those produced by
pyrethroid insecticides (Kostyukovsky, Rafaeli, Gileadi, Demchenko, & Shaaya 2002) and
also by the behavior observed in D. gallinae in this study. On the other hand, Chung et al.
(2012), with an LC50 value of 21.5 ppm of the evaluated coriander EO, observed that it has
significant toxic effects against the larvae of Aedes aegypti (L., in Hasselquist, 1762)
(Diptera: Culicidae), acting as an immunotoxin for the insect. It has been recognized that
EOs are potent neurotoxins that affect, through the inhibition of the enzyme acetyl
cholinesterase, the central nervous system (Keane & Ryan, 1999).

In the current study, the potential of coriander essential oil varied according to the
concentration and time of exposure. The results of this work show that the EO of C. sativum
can play a controlling role on D. gallinae and reduces risks associated with the use of
synthetic insecticides. The mode of action of the EO of C. sativum is of special interest, so
other investigations should focus on the way they penetrate the cuticle of insects and their
effects on mammals fed with the treated material. In addition, it should be noted that the leafy
coriander EO has low cytotoxicity in human cells, considering it safe for human consumption
(Mandal & Mandal, 2015).

Conclusions [T2]

This study shows that the EO of C. sativum has acaricidal activity against D. gallinae through
direct contact and has no residual activity. Therefore, it can be used as a natural acaricide for
the management of adult individuals of D. gallinae and is considered as an interesting
alternative to reduce the conventional use of chemical control.
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