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Abstract

A preparation of essential oils to control chicken lice (Menopon gallinae) and mites (Ornithonyssus bursa) was developed.
Each essential oil was effective against lice and mite in vitro. Citronella oil at the lowest concentration of 0.208 pug/cm2
resulted in a mortality rate of 100% in chicken lice, whereas a higher concentration of cloves, lemongrass, ginger, Makwan
oil (0.416 pg/cm?2), and Litsea oil (0.832 pg/cm?2) was also found to be effective. A 100% rate of mortality for mites was
observed using citronella and ginger oil at a concentration of 0.416 png/cm2. At the same concentration, cloves, lemongrass,
Litsea, and Makwan oil exhibited mortality rates in mites of 77.96%, 93.33%, 87.30%, and 93.49%, respectively. The
efficacy of citronella oil and ginger oil against lice and mites was further examined in vivo. Citronella and ginger oil affected
the rate of decline in lice from day 1 to day 14, whereas the number of mites living in nests declined from day 1 to day 7.
The reduction of these parasitic insects may be correlated with the chemical constituents present in each essential oil. The
active ingredients likely acted insecticidal agents against both parasitic insects. Moreover, the preparation developed here
did not cause any side effects, such as dermatitis and respiratory disorders, during animal trials. Hence, preparations
comprised of the essential oils of citronella and ginger can be further developed and used as insecticidal agents to control
and/or eliminate chicken lice and mites on commercial farms.

Keywords: Contact toxicity assay, Insecticides, Menopon gallinae; Ornithonyssus bursa; Phytochemicals, Plant essential oil

Corresponding author: Kridda Chukiatsiri,Faculty of Animal Science and Technology, Maejo University, Chiang Mai 50290, Thailand.
Tel: 66 875432 Fax: 66 53353830 Email: kridda003@hotmail.com.

Article history; received manuscript: 29 April 2021,
revised manuscript: 13 May 2021,
accepted manuscript: 18 July 2021,
published online: 21 July 2021
Academic editor; Korakot Nganvongpanit

@ Open Access Copyright: ©2021 Author (s). This is an open access article distributed under the term of the Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution, and
reproduction in any medium or format, as long as you give appropriate credit to the original author (s) and the source.

Vigad et al. Vet Integr Sci. 2021; 19(3): 449 - 466 449




VETERINARY INTEGRATIVE SCIENCES

INTRODUCTION

External parasites in chickens, such as lice (Menopon gallinae), mites
(Ornithonyssus bursa), fleas, bedbugs, ticks, and flies, are currently having a
huge impact on the poultry industry (Anshnafi and Shetu, 2004; Buranapim et
al., 2018). The problems caused by these external parasites represent an
important risk factor for the health of farm animals. They can result in reduced
productivity levels on chicken farms leading to significant economic losses
(Arends, 2003; Sofunmade, 2003; Maina, 2005). Importantly, infestations with
these parasites do not immediately cause death in chickens; however, the
number of parasites on reluctant chicken hosts may cause other problems
ranging from minor irritations, a reduction in egg-laying, and debilitation
among the animals. In some of the more extreme cases, death can occur as an
eventual and indirect consequence of these parasitic infestations (Hinkle and
Corrigan, 2020).

Menopon gallinae is commonly referred to as the chicken body louse
(shaft louse). This louse can be identified by their short antennae that are
concealed in grooves behind their eyes (Clay, 1969). Menopon gallinae can
infect a wide range of birds including domestic chickens, migratory birds, and
guinea fowl. As it is more commonly known, the shaft louse mainly feeds on
skin and feather debris. It prefers to remain on the chest, shoulders, and the
backs of birds. In addition, it may also drain blood from the wounds it creates
(Kumar et al., 2017). Adult females can typically glue a few hundred eggs to the
shafts of the feather of host birds. Approximately 4 to 7 days after egg deposition,
larvae will hatch and develop through several nymphal stages to ultimately
emerge as adults. The life cycle of the shaft louse on the host takes place entirely
within 3 to 5 weeks. Transmission from one animal to another can occur by
direct contact with an animal infested with lice.

Ornithonyssus bursa, typically referred to as the tropical fowl mite, is a
common parasite of domestic and wild birds that is entirely restricted to warm,
tropical, and subtropical regions. This mite usually lives in the feathers of birds
but will often lay its eggs in the birds’ nests. O. bursa is known to have four
pairs of legs, three of which are located on the sternal plate. It is also known to
have a narrow-shaped body. The cycle of the O. bursa is comprised of 5 stages,
which include the egg, larva, protonymph, deutonymph, and adult stages. The
entire life cycle is estimated to last less than 1-2 weeks (Santillan et al., 2015;
Lareschi et al., 2017; Bassini-Silva et al., 2019).

Numerous approaches have been developed for the scrutiny, control,
and elimination of external parasites in poultry. Certain pesticides have been
widely used on poultry farms including butenolides, ryanoids, neonicotinoids,
organochlorine, organophosphates and carbamates, and pyrethroids (Sanbornn
et al., 2004). However, long-term exposure to these pesticides can have toxic
impacts on humans and animals. Moreover, the residues of these pesticides are
often left behind in the environment and have been identified in the food
production chain. Consequently, these residues can unintentionally harm or kill
other living creatures (Aktar et al., 2009; Sharma et al., 2019).

Nowadays, natural ingredients are being used as substitutes for chemical
or synthetic pesticides. Plant-derived extracts and/or oils have been determined
to be safer, unassociated with residual toxicity, and capable of naturally
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degrading in the environment. Plant-derived essential oils are one of the most
effective agents now being used as insecticides and insect repellent agents
against a wide range of insect species especially ectoparasitic insects (Lachance
and Grange, 2014). For example, lemongrass oil is considered an effective
miticidal and ovicidal agent. It was found to be able to kill the Sarcoptes scabiei
collected from naturally infected rabbits in China (Li et al.,, 2020). The
insecticidal properties of this essential oil have also been observed in
the treatment of lice (Lipeurus caponis) on infected chickens. A reduction of
67.3% of lice was observed in birds that had been treated with lemongrass oil
(Pumnuan et al., 2020). Moreover, lemongrass oil at 1% (v/v) concentration
significantly reduced the reproductive efficacy of the cattle tick Rhipicephalus
microplus by 100% . The same study also revealed that ginger oil (10% v/v)
could provide more than 94% effectiveness in insecticidal protection. (Pazinato
etal., 2016). Ginger oil has been used as an acaricidal and repellent agent against
Rhipicephalus bursa in herds of infested sheep. Notably, this oil exhibited
39.1%acaricidalefficacyanda62.2%degreeofrepellence(Madreseh-Ghahfarokhi
et al., 2019). Eugenol, the main component extracted from the dried flower
buds of cloves exhibited acaricidal activity against the scabies mites that had
infected humans. Clove essential oil exhibited a highly toxic effect by killing
this mite within 15 min of contact (Pasay et al., 2010). Citronella oil obtained
from the leaves and stems of Cymbopogon nardus has generally been used as a
mosquito repellent against Aedes aegypti, a known vector of dengue fever
(Songkro et al., 2018). It is commonly used to treat head lice in children and
chicken lice (L. caponis) in poultry (Mumcuoglu et al., 2004; Pumnuan et al.,
2020). House dust mites (Dermatophagoides farinae and D. pteronyssinus) and
stored food mites (Tyrophagus putrescentiae) can be killed by Litsea oil at
LC50 values of 1.54, 1.83 and 3.90 pg/cm? (Jeon and Lee, 2016). This oil also
exhibited contact toxicity against two insect pests, including the cigarette beetle
(Lasioderma serricorne) and the booklouse (Liposcelis bostrychophila), with
LC,, values of 27.33 and 71.56 pg/cm?, respectively (Yang et al., 2014). Makwan
oil extracted from the fruit of Zanthoxylum myriacanthum also resulted in the
65% mortality of Rhipicephalus microplus (Nogueira et al., 2014). The above
referenced evidence can be informative and beneficial in the development of
essential oil preparations to control chicken mites and lice. Accordingly, it is
worth noting that the plants included in this study are readily available from a
number of different places in the world. These plants could be a potential
high-value source in the development of natural insecticidal and repellent prod-
ucts due to their easy access and broad availability. For this reason, current
applications of these essential oils in the poultry industry for the purposes of
insect pest control has become of significant interest.

Therefore, the aims of this study were (i) to study the physical
characteristics and chemical compositions of six essential oils including clove
oil, citronella oil, lemongrass oil, Litsea oil, ginger oil, and Makwan oil; (i) to
study the insecticidal activity and efficacy of the selected essential oils against
chicken lice and mites under laboratory conditions and in practical applications
in animals; and (iii) to observe the toxicity of these substances to the health of
animals after exposure to preparations of selected essential oils. The findings
of this study can serve as preliminary information in the preparation of animal
health products that can then be used in the control and/or elimination of
chicken lice and mites on commercial chicken farms.
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MATERIALS and METHODS

Plant essential oils

Six medicinal plants, including cloves (Syzygium aromaticum (L.) Merr.
& LMPerry), citronella (Cymbopogon nardus Rendle.), lemongrass
(Cymbopogon citratus (De ex Nees) Stapf.), Litsea (Litsea cubeba (Lour.).
Pers.), ginger (Zingiber officinale (Roscoeand.)), and Makwan (Zanthoxylum
myriacanthum Wallich ex Hook.f.), were included in this study. The raw plant
materials (Table 1) used for essential oil distillation were collected from the
Medicinal Plant Garden located at the Faculty of Medicine, Chiang Mai
University, Chiang Mai, Thailand. Voucher specimens were deposited at the
same location. All essential oils were distilled by in-house procedures. Briefly,
all raw plant materials were freshly cut, air-dried in an oven at 70 °C for 24 h,
and milled into powder using an herb grinding machine. Powders were screened
through an 80-mesh sieve and directly kept in zip-lock plastic bags at 4 °C for
further use. A measured amount of 150 g of dried milled powder was immersed
in a 1-L clean tank. Then, 70% ethanol solvent was poured into the tank at a
ratio of 1:7 and allowed to stand for 48 h. The extracts were decanted into
another container, filtered through filter paper, and evaporated over a water bath
at 60 °C to obtain the essential oil.

Table 1 Chemical composition present in each type of essential oil.

Essential oils Part of use %Yield Chemical composition % Peak area
Clove oil Flower bud 4.96 Eugenol 88.9
Citronella oil Leaf 4.40 Citral 34.23
Neral 26.71
Limonene 17.15
Lemongrass oil Leaf 0.3 Citral 42.33
Neral 31.44
Litsea oil Fruit 3.73 Citronellal 44.11
Geraniol 17.40
Ginger oil Rhizome 1.38 a-Zingiberene 30.21
B-Sesquiphellandrene 13.04
ar-Curcumene 10.47
Makwan oil Fruit 9.63 2-Undecanone 50.04
a-Phellandrene 11.84
Limonene 11.61
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Physical parameters of essential oils

Specific gravity

The determination of the specific gravity of the liquid fats and oils in the
essential oils was carried out according to the method described by ASTM
(2006) and Hati et al. (2010). In this method, the ratio of the weight of a unit
volume of the sample to the weight of water at 20 °C with 40 % relative
humidity was calculated using a digital electronic balance.

Refractive index

The refractive index of each essential oil was determined with the use of
a Refractometer. The analysis was conducted in triplicate and average refractive
index values were then reported. (Mieso and Befa, 2020).

Optical rotation

Each essential oil was diluted with analytical grade chloroform (Merck,
New Jersey, USA) to yield a final concentration of 40 g/L. The optical rotation
value was then measured using a CETI Polaris polarimeter. The reading process
was run in triplicate at 20 °C (Noudogbessi et al., 2012).

Chemical composition in essential oils using GC-MS analysis

Six essential oils were analyzed on an Agilent 7890A Gas chromatograph
(Agilent Technology, Santa Clara, CA, USA) - JEOL AccuTOF-GCv Mass
spectrophotometer (JEOL, Ltd, Tokyo, Japan) equipped with a DB5-MS column
(30 m x 0.25 mm i.d., 0.25 um film thickness, J&W Scientific, Folsom, CA).
The oven temperature was programmed as follows: isothermal temperature was
set to 40 °C for 1 min; the temperature was then raised by 6 °C/min to reach
250°C and held there for 4 min; helium was used as the carrier gas at a rate of
1.5 ml/ min; the effluent of the GC column was introduced directly into the
source of the MS via a transfer line (280 °C); ionization was then obtained by
electron impact (70eV, source temperature 230 °C). The scan range was
ultimately determined to be 25—-800 amu. Compounds were tentatively identified
by a comparison of the mass spectra values of each peak with those of the
authentic samples in the NIST MS library (Park et al., 2007).

Contact toxicity test

Filter-paper contact bioassay was used to evaluate the toxicity
and persistence of the toxic and repellent effects of these essential oils towards
lice and mites. Essential oils were diluted using a mixture of distilled water,
absolute ethanol, and tween 20 at a ratio of 50: 25: 25 as a diluent to obtain
concentrations ranging from 0.052, 0.104, 0.208, 0.416, and 0.832 pg/cm? for
our study involving lice. In cases involving mites, essential oils were diluted
using the same diluent at a different ratio of 40: 25: 35 to yield concentrations
0f 0.416, 0.832, 1.664, 3.328 and 6.656 pg/cm?*. Concentrations of the essential
oils were selected based on our preliminary study by screening through a wide
range of concentrations. We then determined the most effective concentrations
for our purposes. The same diluents without essential oils were used as
the negative control.
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Adult chicken lice and mites were collected from native infected
chickens. The genus and species of the lice and mites collected were confirmed
through observations of the body and appendages by trained veterinarians and
entomologists. The identification of the lice and mites was further confirmed
with other related forms of evidence including literature reviews, as well as
determinations of skin lesions and diseases, host specificity, season and
temperature, and the prevalence rate of infestations. Field trips and visits were
also undertaken to chicken farms and free-range farms in several areas located
in Chiang Mai, Thailand to confirm the presence or absence of both parasitic
insects. All insects were kept in a conical tube at ambient temperatures and
taken to a laboratory within 3 to 4 h of being collected.

For the toxicity test, filter papers (WhatmanTM, Sigma-Aldrich,
Missouri, USA) were dipped into containers holding desired concentrations of
the essential oils. They were then dried for 3 min under a fume hood and placed
on petri-dishes. Subsequently, 10 lice or 20-30 mites were transferred onto the
plates and they were sealed with thermoplastic film (Parafilm® M,
Sigma-Aldrich, Missouri, USA). The mortality rates of the lice and mites were
observed every 10 min for 1 h intervals and then every 1 h for 24 h intervals.
Three-independent assays were performed. The mortality rate at 24 h was
calculated using the following formula (1).

% Mortality = (number of dead insects after being treated/number of insects treated) x 100 (1)

In addition, lethal concentrations (LC) of each essential oil used to kill
insects at 50% (LC,)), 90% (LC,,), and 99% (LC,,) were formulated using the
R Studio program of Windows.

In vivo assay

To study the effects of these essential oils on insects, citronella oil and
ginger oil were selected to evaluate the lowest LC_, LC,, and LC,, values
according to the R Studio calculation under in vitro investigation. This study
was approved of by the Animal Ethics Committee, Maejo University, Chiang
Mai, Thailand under approval number: MACUC 024A/2561.

Chickens infected with lice (n = 90) were obtained from the Royal
Project Doi Kham Farm, Chiang Mai, Thailand. Chickens were randomly
divided into 3 groups (10 chickens/group) and were provided with food and
water ad libitum, while lighting was continuous. A three-independent replicate
assay was performed. A baseline was established by counting the number of
lice (t = 0) on each chicken at specific feathered areas of the back, chest,
abdomen, both sides of the body, under the wings, at the vents, and around the
cloaca (2.5 x 2.5 cm?) of the birds. Then, the preparation of each essential oil
(4% v/v, 5 mL/1 kg of chicken body weight) was sprayed on the same areas of
each chicken recruited in group 1 (ginger oil) and group 2 (citronella oil), while
chickens in group 3 were treated with 0.15% (v/v) trichlorfon at the same area.
The number of lice was counted after the birds were treated for 1, 7, and 14
days.

In this study, to investigate the effects of the selected essential oils on
mites, chicken nests carrying mites were surveyed on farms located at the area
of Galyani Vadhana District, Chaing Mai, Thailand. Chicken nests and bedding
materials that were confirmed to be infected with mites were divided into 3
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groups with 3 replicates (n = 9). The first and second groups were treated by
spraying a preparation of each essential oil (4% v/v, 5 mL) on the nests
or bedding materials over an area of 20 x 20 cm?, whereas 0.15% trichlorfon
was used to treat chicken nests or bedding materials in the third group. Five
sheets of the paper were placed into the nests or bedding materials for 5 min in
order to collect the number of mites required to establish a baseline (t =0) at 1,
7, and 14 days. Mites were counted by stunning them with 5 mL of absolute
ethanol. The % incidence of lice and mites on day 0 was normalized to 100%,
whereas the % incidence on the following days was calculated according the
given formula (2).

Incidence (%) = (number of insects collected at Tx/number of insects collected at TO) x 100 (2)

Where T0 and Tx represented the initial number of insects on day 0 and
on each sampling day (1, 7, and 14), respectively. Moreover, the toxicity of the
selected essential oils on the health of the chickens was observed through visual
inspections. The appearance of irritation on the skin of the chickens, along with
certain respiratory related-symptoms, were indicative of a toxic reaction to the
oils (Arthur and Axtell, 1982; Martin and Muliens, 2012).

Statistical analysis

Statistical analysis was performed using the R Studio program of
Windows. Mean + standard error values of triplicate experimental runs were
reported. A statistical comparison was performed using the one-way analysis of
variance (ANOVA) followed by Duncan’s multiple-range test (DMRT).
Furthermore, lethal concentrations of the essential oils needed to kill 50, 90, and
99% of the lice and mites (LC, , LC,, and LC,, respectively) were determined
using the R Studio program.

50° 90° 99°

RESULTS

Physical parameters of essential oils

Essential oils, including those of cloves, citronella, lemongrass, litsea,
ginger, and Makwan plants, were subjected to analysis for specific gravity,
refractive index, and optical density. The specific gravity values of cloves,
citronella, lemongrass, litsea, ginger, and makwan oil were 1.0547, 0.8874,
0.8911, 0.8762, 0.8742, and 0.8370, respectively, whereas the refractive index
values were 1.5320, 1.4618, 1.4826, 1.4785, 1.4862, and 1.4479, respectively.
The optical density values of each essential oil were -1.97, +0.34, -1.63, +6.83,
-35.52, and + 9.89, respectively.

GC-MS analysis

The main composition of each essential oil was analyzed by GC-MS
and is shown in Table 1. Eugenol represented the highest composition of clove
oil, while citral, neral, and limonene were the main constituentss present in
citronella oil. Citral and neral were also present as the main constituents in
lemongrass oil, whereas citronellal and geraniol were found to be present in
litsea oil. The a-Zingiberene was the major com ponent in ginger oil, followed
by pB-sesquiphellandrene, and ar-curcumene. Furthermore, 2-undecanone,
a-phellandrene, and limonene were the main constituents in Makwan oil.
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Contact toxicity test

The % mortality rate of lice after being treated with essential oils at 24
h is shown in Table 2. The mortality rate of lice rose significantly (P < 0.05)
when the concentration of essential oil was increased. Interestingly, citronella
oil completely killed lice by 100.0% at a concentration of 0.208 pg/cm?, whereas
the other essential oils were determined to be effective at a concentration of
0.416 pg/cm?.

In addition, citronella and ginger oil exhibited a 100% mortality rate for
mites at the lowest concentration of 0.416 pg/cm?, followed by 0.832 pg/cm?
for litsea and makwan oils, and 1.664 pg/cm? for clove and lemongrass oils
(Table 3). Subsequently, the negative control (diluents) was not found to have
affected the mortality of both insects.

After calculation for LC at 50, 90, and 99%, citronella and ginger oil
were the most effective candidates to combat these parasitic insects (Table 4).
Therefore, these essential oils were selected for further investigation.

In vivo assay

To study the insecticidal effect of certain selected essential oils on chicken
parasites, only ginger oil and citronella oil were used (Table 5). The average
count of lice exposed to the ginger oil preparation at the initial date was
602.0+102.81 and was normalized at an incidence rate of 100%. Ginger oil
could effectively eliminate the lice at an incidence rate of 48.59% (n =
293.33+63.37) on day 1 of the treatment. The significant incidence (p < 0.05) of
lice treated with the ginger oil preparation was observed on day 7 (35.03%; n =
214.00+61.26) and day 14 (22.67%; n =134.67£15.53), respectively. The number
of lice treated with the citronella oil preparation was also reduced by yielding
the % incidence from 100% (n = 726.7+144.8) to 65.55% (n = 479.3+120.9) on
day 1 of the treatment. When the insects were exposed to citronella oil on day 7
and day 14, the incidence was found to have continually decreased (44.68%, n =
328.7£101.5 and 32.63%, n = 240.3+73.6, respectively). In contrast to the control
group (trichlorfon), the number of lice on the initial date was 755.7+207.4 (100%),
whereas the % incidence at each sampling time (on days 1, 7, and 14) was lower
for both essential oil treatments (n = 58.2+27.3, 38.0£7.0, and 31.3+3.2,
respectively).

Table 2 Mortality rate (%) of chicken lice at 24 h via residue filter paper contact assay.

Essential oils

% Mortality at different concentration (ng/cmz2)

0.052 0.104 0.208 0.416 0.832
Clove oil 50.00£11.55*  66.67£18.56™"  80.91+5.01%" 100.00¢ 100.00¢
Citronella oil 80.00+5.77% 96.97+3.03" 100.00°* 100.00° 100.00°
Lemongrass oil  76.67+3.33% 76.67+6.67" 80.00+5.77* 100.00° 100.00°
Litsea oil 78.1546.74% 79.63£9.82"  90.00+10.00*" 96.67+3.33° 100.00°
Ginger oil 80.00+11.54% 83.334+6.67" 96.67+3.33* 100.00* 100.00*
Makwan oil 72.22+4.01% 80.00+5.77 93.334+6.67" 100.00¢ 100.00¢

All values are presented as mean + standard error values of triplicate experimental runs. Lowercase letters

in the same row and symbols

in the same column, which are connected by different letters, are considered

significantly different (P < 0.05).
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For the reduction and elimination of mites, citronella oil exhibited the
best effective performance as an insecticide. The average number of mites
counted reduced from 104.67+10.50 (100%) to 22.67+10.12 (21.89%) on day 1 of
the treatment. However, this mite was resilient and the incident rate of this mite
after being treated with citronella oil returned to 25.96% (n = 27.33+£5.51) and
68.07% (n = 72.33£32.15) on days 7 and 14, respectively. For ginger oil, the
initial number of mites counted was 74.00+£7.94 (100%). This number rapidly
reduced to 32.67+21.5 (44.88%) and 5.67£1.03 (8.24%) on days 1 and 7,
respectively. However, the mite population recovered to yields of 28.3 (40.97%)
on day 14 of the treatment. Similar to the outcomes of the lice study, the use of
trichlorfon resulted in the lowest incidence of mites during this investigation.

Moreover, the use of both essential oils did not cause any side effects or
have any harmful effect on either the skin or respiratory tracts of animals during
the course of this assay.

Table 3 Mortality rate (%) of chicken mites at 24 h via residue filter paper contact assay.

Essential oils

% Mortality at different concentration (ng/cm?2)

0.416 0.832 1.664 3.328 6.656
Clove oil 77.96+12.68+ 93.12+6.08" 100.00° 100.00° 100.00°
Citronella oil 100.00=" 100.00*" 100.00? 100.00° 100.00?
Lemongrass oil  93.33+3.33+" 97.7842.23% 100.00° 100.00° 100.00°
Litsea oil 87.30+6.49% 100.00"* 100.00° 100.00° 100.00°
Ginger oil 100.00=" 100.00*" 100.00* 100.00° 100.00°
Makwan oil 93.49+0.42+" 100.00"* 100.00° 100.00° 100.00°

All values are presented as mean + standard error values of triplicate experimental runs. Lowercase letters
in the same row and symbols in the same column, which are connected by different letters, are considered
significantly different (P < 0.05).

Table 4 Lethal dose of essential oils on chicken lice and mites via contact toxicity assay.

Lethal concentration (%)

Essential oils Lice Mite
LC,, LC,, LC,, LC,, LC,, LC,,
Clove oil 0.46 9.06 19.45 1.44 85.66 177.57
Citronella oil - - - - - -
Lemongrass oil 0.79 32.6 69.06 2.90 95.95 197.50
Litsea oil 0.65 25.81 54.69 1.45 39.76 81.56
Ginger oil - - - - - -
Makwan oil 6.47 93.08 187.59 2.75 123.07 254.37
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DISCUSSION

Plant-derived essential oils have been widely used as natural insecticides
in various human and animal care products. Essential oils are known to be
relatively non-toxic to humans and animals, and can be rapidly self-degraded in
the environment. In this study, the physical parameters, including specific
gravity, refractive index, and optical density of six essential oils, were evaluated.
These physical parameters are concordant with those used in other reports. The
physical parameters of ginger oil obtained from China were reported by Nandi
et al. (2013). This oil exhibited specific gravity, refractive index, and optical
rotation values of 0.9033, 1.4870, and -39.41, respectively, whereas Bangladeshi
ginger oil exhibited values of 0.9176, 1.4877, and -38.24, respectively. With
citronella oil, the values of specific gravity and refractive index were 0.9005
and 1.487, whereas the optical density value was recorded at -4.00 (Timung et
al., 2016). An understanding of the physical parameters of each essential oil is
necessary to define their desired specifications and to confirm the conformity
of each oil. The refractive index provided a qualitative test of the purity of the
essential oil but did not indicate the % purity; whereas, optical rotation can be
used to analyze the purity of the oils. Specific gravity can be used as an
indication of the density of the oil in relation to that of water. Notably, essential
oils are lighter than water and immiscible with water to form a separate upper
layer (Mestri, 2016).

In addition, the chemical compositions of each of the essential oils
included in this study were also investigated. litsea oil extracted from L. cubeba
is widely used as an aromatic refresher as it can promote an energetic feeling.
Listea oil is known to contain geranial, neral, and limonene as its
main constituents. These constituents are known to exhibit antimicrobial,
antioxidant, anti-cancer, and anti-inflammatory activities (Kamle et al., 2019).
Clove oil is produced by distilling the dried flower buds of the clove plant. It has
been traditionally used as an antimicrobial agent and as a pain reliever

Table 5 Effect of essential oil preparations on incidences of infection involving chicken lice and mites.

% Incidence!

Insects Days

Ginger oil Citronella oil Trichlorfon

Lice 0 100.00% 100.00% 100.00%
48.59+2.99"" 65.55+3.00* 8.61+2.91¢
7 35.03+2.65% 44.68+4.07* 5.28+0.97¢
14 22.67+1.87 32.63£2.07* 4.35+0.67°

Mites 0 100.00* 100.00% 100.00%
1 44.88+16.54 21.89+6.01%" 15.40+3.85¢
7 8.2445.42%" 25.96+1.87* 6.19+3.12%"
14 40.97+21.64° 68.07£14.14* 3.33+£3.33¢

'The % incidence of lice and mites at day 0 were normalized as 100%. All values provided as mean +
standard error values of triplicate experimental runs. Lowercase letters in the same row and symbols in the
same column, which are connected with different letters, indicate significant differences (P < 0.05).
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for toothaches, muscle pains, and respiratory illnesses. In addition, clove oil has
been widely acknowledged as an insect repellant and has exhibited an
anti-parasitic effect as a result of the eugenol contained within (Tian et al., 2015;
Jairoce et al., 2016). Citronella oil and lemongrass oil can be obtained from a
wide range of Cymbopogon species. These oils exhibit certain beneficial
properties and are probably best known as natural mosquito repellants (Maia et
al., 2011). They also possess antibacterial, antifungal, and anti-parasitic
activities. These oils have relaxing effects on humans when delivered through
inhalation, resulting in a sense of relief from stress and a stimulation in brain
function (Li et al., 2013; Wei and Wee, 2013; Dawood et al., 2021). The major
constituents of citronella oil (C. nardus) are geraniol (35.7% of total volatiles),
trans-citral (22.7%), cis-citral (14.2%), geranyl acetate (9.7%), citronellal (5.8%),
and citronellol (4.6%) (Nakahara et al., 2013), whereas geranial (31.5 to 39.9%),
neral (30.1% to 34.5%), and myrcene (14.5% to 16.6%) are the major components of
the essential oil of lemongrass (C. citratus) (Hanaa et al., 2012). In this
study, Makwan oil was obtained from Z. myriacanthum through
the distillation process. This oil is known to exhibit antimicrobial
and anti-inflammatory activities (Ji et al., 2016). The fruits of Z. myriacanthum
are usually used as a flavoring agent in food preparation processes such as in
barbecuing and stewing, and in the roasting of meat and the boiling of fish. It
has also been used for the treatment of insect bites and intestinal disorders. In
addition, Makwan oil has also shown a protective effect against diabetes and
oxidative stress (Dahab et al., 2019). The essential oil derived from the Makwan
plant is rich in limonene, sabinene, a-pinene, and B-phellandrene (Li et al., 2014;
Sriwichai et al., 2019). Ginger oil has been used in traditional medicine for long
periods of time because of its potential health benefits and its safety. It has also
been touted for its effectiveness in aromatherapy and in various topical
applications. Ginger oil is extracted from the ginger root of Z. officinale. It has
exhibited  impressive  antimicrobial,  anti-viral,  anti-inflammatory,
antinociceptive, and antioxidant activities (Jeena et al., 2013; da Silva et al.,
2018; Sririwichitchai et al., 2018; Wang et al., 2020). The essential oil of ginger
has been characterized by a high percentage of sesquiterpenes
(66.7%), monoterpenes (17.3%), and aliphatic compounds (13.6%). The
predominant sesquiterpenes are zingiberene (46.7%), valencene (7.6%),
B-funebrene (3.1%), and selina-4(14),7(11)-diene (1.0%). The major
monoterpenes have been characterized as citronellyl n-butyrate (19.3%),
B-phellandrene (3.7%), camphene (2.6%), and a-pinene (1.1%) (Sharma et al.,
2016). However, the physical parameters and the chemical composition of each
essential oil presented here differ slightly from those of the above reports. These
differences might be due to the different sources of each collected plant, the
cultivation area of each plant, the preparation process for each essential oil, as
well as the extraction and distillation methods used to obtain each oil. Each step
of the process could then have affected the physical parameters and chemical
composition of each essential oil included in this study (Ncube et al., 2012; Liu
etal., 2015; Liu et al., 2016; Ghosh, 2018). However, some chemical compositions
of the essential oils obtained in this study were concordant to those of previous
reports. This could indicate the effective bioactivity of these plants when they
are used to develop insecticides.
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The effects of several essential oils on insects have been reported.
Essential oils, such as lemongrass oil, have exhibited promise as miticidal and
ovicidal agents against mites (Sarcoptes scabiei) (Li et al., 2020). Ten essential
oils, including lavender, bitter orange, geranium, tea tree, clove, eucalyptus,
Manuka cade, Japanese cedar, and palmarosaoil, have exhibited potential efficacy
against mites S. scabiei (Fang et al., 2016). Moreover, some other commercially
available plant-derived essential oil products have also been found to be active
against other insects. This is true of the citrus mealybug (Planococcus citri
(Risso)), western flower thrips (F. occidentalis (Pergande)), the two-spotted
spider mite (Tetranychus urticae Koch), the sweet potato whitefly B-biotype
(Bemisia tabaci (Gennadius)), and the green peach aphid (M. persicae (Sulzer))
(Cloyd et al., 2009). This determination will ultimately serve as evidence to
support the outcomes of this study.

In this study, the effects of six essential oils were examined in the in
vitro assay. The results indicated that citronella and ginger essential oils were
quite effective at lower concentrations when compared to the other oils. These
results were concordant with the findings of other reports. Citronella oil was
reported to be effective against thrips (Frankliniella schultzei) and the green
peach aphid (Myzus persicae), which are transmitters of phytoviruses (Pinheiro
et al., 2013), while ginger oil was effective against the red flour beetle
(Tribolium castaneum Herbst) and the cotton leafworm (Spodoptera littoralis
(Boisd.)) (Chaubey, 2011; Hamada et al., 2018). However, other oils have been
found to be effective but at increased concentrations. Hence, citronella
and ginger oils were selected to be developed as essential oil preparations of
plants and were assessed for further in vivo analysis.

Essential oils exhibit specific modes of action on certain insects
according to their chemical components. These essential oils may inhibit the
activity of acetylcholinesterase, while their components can serve as antagonists
of octopamine, a neurotransmitter in insect-receptors. Monoterpenes that are
present in a variety of plant essential oils are neurotoxic to insects. For example,
eugenol may act through the octpaminergic system by activating receptors for
octopamine, which is known to be a neuromodulator. Eugenol mimics the
action of octopamine and can increase the intracellular calcium levels of the
insect body (Regnault-Roger, 1997; Enan, 2005; Regnault-Roger et al., 2012;
Gonzalez et al., 2014). Moreover, the action of essential oils for cuticular
penetration has also been reported (Tong and Bloomquist, 2013; Tak and Isman,
2015). The outer part of the insect exoskeleton, known as the epicuticle, consists
of a wax layer. This layer limits water loss and serves as a kind of cement layer
that protects the cuticle of the plant from external abrasions (Pritchard et al.,
2015; Flochlay et al., 2017). The hydrophobic nature of oils can cause mechanical
effects on parasites by disrupting the cuticular waxes and blocking the spiracles,
leading to death by water stress or suffocation (Burgess, 2009). The mode of
action of chemical acaricides against poultry red mites has been previously
reported. These acaricides mostly target neurotransmitters and the synapses
between neurons along with the synganglion tissue. These substances attack the
voltage-gated Na" channels of pre-synaptic axons, propagating a continually
depolarized membrane and leading to a loss of action potential and eventually
mite paralysis. After paralysis, poultry red mites are unable to escape from the
risk environment and become incapable of finding food, eventually resulting in
death (Pritchard et al., 2015).
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The results of the efficacy in vivo test revealed that citronella and ginger
oil could affect the rate of lice decline from day 1 to day 14, whereas the number
of mites in nests was found to have declined from day 1 to day 7. This may have
been due to differences in the life cycles of lice and mites. The general life cycle
of mites is approximately 1 week from the time they are hatched until they
reach the mature adult stage (Sparagano et al., 2014), whereas lice are known to
have a longer life cycle (3-5 weeks) (McCrea et al., 2005). This is why the
recovery of mites was observed at a high rate on day 14. The volatility of the
chemical components that are present in the two different essential oils tested
could be a significant factor. The volatility could affect the mortality of both of
the parasitic insects in this study. In our study, the preparation of ginger oil was
found to be more effective in the control of chicken lice and mites than the
preparation of citronella oil. The incidences of lice and mites treated with ginger
oil were lower than those of the citronella oil. This means that ginger oil could
effectively kill these insects more successfully than citronella oil. However,
other reports have found that the use of a mixture of several plant leaves along
with citronella can be very effective in the control of external parasites among
egg-laying chicken operations. The leaves of the citronella plant did not affect
the reduction of the lice population; however, mites were clearly affected.
Citronella oil can exhibit an insect repellent activity due to the fact that it
contains citronellal as the main active constituent, which has been classified as
an acyclic monoterpene. This compound has been applied instead of N,
N-diethyl-mtoluamide (DEET) in repelling and killing mosquitoes and insects.
Furthermore, Limonene has been found to be able to control flea and mite
infestations (Mekvichitsaeng et al., 1999). The diterpenoids in this essential oil,
including columbin, solidagenone, limonene, nomilin, and helvolic acid, could
achieve anti-growth and anti-feedant activities in insects (Singh & Upadhyay,
1993). In addition, limonene at 194.2 ug/cm? could affect the death of lice by
100% (Lee et al., 2019). Notably, ginger oil is rich in sequesterpene groups
(major as a-zingiberene and ar-curcumene) and these molecules seem to be
more slowly volatile than the chemical constituents that are present in citronella
oil. This is why other authors of published studies have declared that citronella
oil is considerably more effective than ginger oil. However, the use of ginger oil
and its derivatives have had beneficial effects on poultry nutrition. Ginger oil
can inhibit the growth of dangerous bacteria in the intestinal tracts of chickens.
It can also improve blood and serum parameters, increase reproductive activities
and muscle mass, and can increase body weight and laying rates, etc. (El-Hack
et al., 2020). Hence, the use of certain essential oils, either citronella oil or
ginger oil, may also confer a variety of other health benefits on chickens.

CONCLUSIONS

This study reported on the use of essential oils to eliminate lice and
mites on commercially raised chickens. Ginger oil and citronella oil have
exhibited the best degree of effectiveness at the lowest concentration of 0.208
pg/cm?2 for lice and 0.416 pg/cm?2 for mites in the in vitro assay. The chemical
constituents present in these essential oils could be the active molecules that are
related to their insecticidal effects on these parasitic insects. Both essential oils
have been developed in preparations as insecticides. They have been found to
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be very effective and were able to control these parasites in vivo. Furthermore,
chickens did not develop any harmful side effects after receiving treatments
with these oils. The preparation developed here can be used to control lice and
mites, but its use is still limited by the stability of its preparation, the formula
optimization, and the duration of the essential oil action in vivo. There has also
been a lack of studies involving mixtures of these essential oils. It is our
contention that the findings of this study can be beneficially corroborated in
future research.

CONFLICT of INTEREST

The authors declare that this research study was conducted without the
influence of any commercial or financial relationships that could possibly be
construed as a potential conflict of interest.

ACKNOWLEDGEMENTS

We thank all the members in our academic group for helping us complete
the experiments. The authors also acknowledge the Animal Science and
Technology, Maejo University, Chiang Mai, Thailand. The authors are grateful
to Research and Researchers for Industries (RRI) Scholarship and Maejo
University alumni scholarship for kind assistance in allowing us to conduct the
research work.

AUTHOR CONTRIBUTIONS

NV, PT, SC, and KC conceived and designed the experiments. NV
executed the lab experiments and analyzed the data. NV and WP prepared the
first draft of manuscript. KC is the principle investigator of the project who was
responsible for preparation of project proposal, procure funding, resource
allocation, and manage human resource and along with PT and SC. All authors
approved the final draft of manuscript.

REFERENCES

Aktar, M.W., Sengupta, D., Chowdhury, A., 2009. Impact of pesticides use in agriculture: their
benefits and hazards. Interdiscip. Toxicol., 2(1), 1-12.

American Society for Testing and Materials (ASTM)., 2006. Standard test method for specific
gravity of oils and liquid fats. ASTM International, Pennsylvania.

Anshnafi, H.E., Shetu, Y., 2004. Study on gastrointestinal helminthes of local chicken in central
Ethiopia. Med. Vet. 155(10), 504-507.

Arends, J., 2003. External parasites and poultry pests. In Calnek, W.B., Beard, W.C., McDougald,
L.R., Saif, Y.M. (Eds.), Diseases of Poultry, Balckwell Publishing Company, lowa, pp.
905-930

Arthur, F.H., Axtell, R.C., 1982. Comparisons of permethrin formulations and application
methods for northern fowl mite control on caged laying hens. Poult. Sci. 61(5), 879-884.

Bassini-Silva, R., Jacinavicius, F.D.C., Hernandes, F.A., Ochoa, R., Bauchan, G.R., Dowling,
A.P., Barros-Battesti, D.M., 2019. Dermatitis in humans caused by Ornithonyssus bursa
(Berlese 1888) (Mesostigmata: Macronyssidae) and new records from Brazil. Rev. Bras.
Parasitol. Vet. 28(1), 134-139.

Vigad et al. Vet Integr Sci. 2021; 19(3): 449 - 466 462




VETERINARY INTEGRATIVE SCIENCES

Buranapim, N., Chaiwisit, P., Wangkawan, A., Tiwananthagorn, S. 2019. A survey on blood
parasites of birds in Chiang Mai province. Vet. Integr. Sci. 17(1), 65-73.

Burgess, L.F., 2009. The mode of action of dimeticone 4% lotion against head lice, Pediculus
capitis. BMC Pharmacol. 9(1), 1-8.

Chaubey, M.K., 2011. Insecticidal properties of Zingiber officinale and Piper cubeba essential oils
against Tribolium castaneum Herbst (Coleoptera: Tenebrionidae). JBAPN. 1(5-6), 306-313.

Clay, T., 1969. Key to the genera of the Menoponidae (Amblycera: Mallophaga: Insecta). Bull.
Br.Mus.Nat.Hist.Entomol. 24: 3-26.

Cloyd, R.A., Galle, C.L., Keith, S.R., Kalscheur, N.A., Kemp, K.E., 2009. Effect of
commercially available plant-derived essential oil products on arthropod pests. J. Econ.
Entomol. 102(4), 1567-1579.

Dahab, M., Fu, B., Osman, E., Xu, Y.K., Zhang, P., 2019. Zanthoxylum myriacanthum var.
pubescens essential oil protective potential against diabetic mice nephropathy and its
relevant oxidative stress. J. Essent. Oil-Bear. Plants. 22(3), 581-591.

Da silva, E.T., da Cunha, K.F., Fonseca, L.M., Antunes, M.D., El Halal, S.L.M., Fiorentini, A.
M.,Dias, A.R.G., 2018. Action of ginger essential oil (Zingiber officinale) encapsulated
in proteins ultrafine fibers on the antimicrobial control in situ. Int. J. Biol. Macromol.
118, 107-115.

Dawood, M.A., El Basuini, M.F., Zaineldin, A L., Yilmaz, S., Hasan, M., Ahmadifar, E., El Asely,
A., Abdel-Latif, HM.R., Algawany, M., Abu-Elala, N.M., Doan, H.V. Sewilam, H.,
2021. Antiparasitic and antibacterial functionality of essential oils: an alternative
approach for sustainable aquaculture. Pathogens. 10(2), 185.

El-Hack, A., Mohamed, E., Alagawany, M., Shaheen, H., Samak, D., Othman, S. 1., Sitohy, M.,
2020. Ginger and its derivatives as promising alternatives to antibiotics in poultry feed.
Animals. 10(3), 452.

Enan, E.E., 2005. Molecular response of Drosophila melanogaster tyramine receptor cascade to
plant essential oils. Insect Biochem. Mol. Biol. 35(4), 309-321.

Fang, F., Candy, K., Melloul, E., Bernigaud, C., Chai, L., Darmon, C., Durand, R., Botterel, F.,
Chosidow, O., Izri, A., Huang, W. Guillot, J., 2016. In vitro activity of ten essential oils
against Sarcoptes scabiei. Parasit Vectors. 9(1), 1-7.

Flochlay, A.S., Thomas, E., Sparagano, O., 2017. Poultry red mite (Dermanyssus gallinae)
infestation a broad impact parasitological disease that still remains a significant
challenge for the egg-laying industry in Europe. Parasit. Vectors. 10(1), 1-6.

Ghosh, D., 2018. Quality issues of herbal medicines: internal and external factors. Int. J.
Complement. Altern. Med. 11(1), 67-69.

Gonzalez, M.S., Lima, B.G., Oliveira, A.F., Nunes, D.D., Fernandes, C.P., Santos, M.G., Tiebohl,
L.A.C., Mello, C.B., Rocha, L., Feder, D., 2014. Effects of essential oil from leaves of
Eugenia sulcataon the development of agricultural pest insects. Rev. Bras. Farmacogn.
24(4),413-418.

Hamada, H.M., Awad, M., El-Hefny, M., Moustafa, M.A.M., 2018. Insecticidal activity of garlic
(Allium sativum) and ginger (Zingiber officinale) oils on the cotton leafworm,
Spodoptera littoralis (Boisd.) (Lepidoptera: Noctuidae). Afr. Entomol. 26(1), 84-94.

Hanaa, A.M., Sallam, Y.I., El-Leithy, A.S., Aly, S.E., 2012. Lemongrass (Cymbopogon citratus)
essential oil as affected by drying methods. Ann. Agric. Sci. 57(2), 113-116.

Hati, S.S., G.A. Dimari, G.O. Egwu, V.0.0gugbuaja., 2010. Specific gravity and antibacterial
assays of some synthetic industrial essential oils. Sci. World J. 5(1), 11-15.

Hinkle, N.C. Corrigan, R.M., 2020. External parasites and poultry pests. In Swayne D.E. (Eds.),
Diseases of Poultry, Balckwell Publishing Company, lowa, pp.1135-1156.

Jairoce, C.F., Teixeira, C.M., Nunes, C.F., Nunes, A.M., Pereira, C.M., Garcia, F.R., 2016.
Insecticide activity of clove essential oil on bean weevil and maize weevil. Rev. Bras.
Eng. Agric. Ambient. 20(1), 72-77.

Jeena, K., Liju, V.B., Kuttan, R., 2013. Antioxidant, anti-inflammatory and antinociceptive
activities of essential oil from ginger. Indian J. Physiol. Pharmacol. 57(1), 51-62.

Jeon, Y.J., & Lee, H.S. 2016. Chemical composition and acaricidal activities of essential oils of
Litsea cubeba fruits and Mentha arvensis leaves against house dust and stored food
mites. J. Essent. Oil-Bear. Plants. 19(7), 1721-1728.

Ji, K.L., Gan, X. Q., Xu, Y.K,, Li, X.F., Guo, J., Dahab, M.M., Zhang, P., 2016. Protective effect
of the essential oil of Zanthoxylum myriacanthum var. pubescens against dextran sulfate
sodium-induced intestinal inflammation in mice. Phytomedicine. 23(9), 883-890.

Vigad et al. Vet Integr Sci. 2021; 19(3): 449 - 466 463




VETERINARY INTEGRATIVE SCIENCES

Kamle, M., Mahato, D.K., Lee, K.E., Bajpai, VK., Gajurel, PR., Gu, K.S., Kumar, P., 2019.
Ethnopharmacological properties and medicinal uses of Litsea cubeba. Plants. 8(6), 150.

Kumar, S., Ahmad, A., Ali, R., Kumar, V., 2017. A note on the haematophagous nature of poultry
shaft louse, Menopon gallinae (Amblycera: Phthiraptera). J. Parasit. Dis. 41(1), 117-
119.

Lachance, S., Grange, G., 2014. Repellent effectiveness of seven plant essential oils, sunflower oil
and natural insecticides against horn flies on pastured dairy cows and heifers. Med. Vet.
Entomol. 28(2), 193-200.

Lareschi, M., Cicuttin, G.L., De Salvo, M.N., Ibafez, L., Montalti, D., 2017. The tropical fowl
mite Ornithonyssus bursa (Acari: Mesostigmata: Macronyssidae) parasitizing the
European starling Sturnus vulgaris (Aves: Passeriformes: Sturnidae), an invasive bird in
central Argentina. An approach to the bacterial fauna of this mite. Rev. Mex. Biodivers.
88(2), 454-458.

Lee, S.J., Kim, H.K., Kim, G.H., 2019. Toxicity and effects of essential oils and their components
on Dermanyssus gallinae (Acari: Dermanyssidae). Exp. Appl. Acarol. 78(1), 65-78.

Li, M., Liu, B., Bernigaud, C., Fischer, K., Guillot, J., Fang, F., 2020. Lemongrass (Cymbopogon
citratus) oil: A promising miticidal and ovicidal agent against Sarcoptes scabiei. PLoS
Med. 14(4), e0008225.

Li, R., Yang, J.J., Shi, Y.X., Zhao, M., Ji, K. L., Zhang, P., Xu, Y.K. Hu, H.B., 2014. Chemical
composition, antimicrobial and anti-inflammatory activities of the essential oil from
Magqian (Zanthoxylum myriacanthum var. pubescens) in Xishuangbanna, SW China. J.
Ethnopharmacol. 158, 43-48.

Li, WR., Shi, Q.S., Ouyang, Y.S., Chen, Y.B., Duan, S.S., 2013. Antifungal effects of citronella
oil against Aspergillus niger ATCC 16404. Appl. Microbiol. Biotechnol. 97(16), 7483-
7492.

Liu, W., Liu, J., Yin, D., Zhao, X., 2015. Influence of ecological factors on the production of active
substances in the anti-cancer plant Sinopodophyllum hexandrum (Royle) TS Ying. PLoS
One. 10(4), e0122981.

Liu, W., Yin, D., Li, N., Hou, X., Wang, D., Li, D., Liu, J., 2016. Influence of environmental
factors on the active substance production and antioxidant activity in Potentilla fruticosa
L. and its quality assessment. Sci. Rep. 6(1), 1-18.

Maia, M.F., Moore, S.J., 2011. Plant-based insect repellents: a review of their efficacy,
development and testing. Malar. J. 10(1), 1-15.

Madreseh-Ghahfarokhi, S., Dehghani-Samani, A., Pirali, Y., Dehghani-Samani, A., 2019.
Zingiber officinalis and Eucalyptus globulus, potent lethal/repellent agents against
Rhipicephalus bursa, probable carrier for zoonosis. J. Arthropod. Borne. Dis. 13(2), 214.

Maina AN., 2005. Prevalence intensity and lesion associated with gastrointestinal and
ectoparasite of indigenous chicken in Kenya. MSc thesis, University of Nairobi, Nairobi.

Martin, C.D., Mullens, B.A. 2012. Housing and dustbathing effects on northern fowl mites
(Ornithonyssus sylviarum) and chicken body lice (Menacanthus stramineus) on hens.
Med. Vet. Entomol. 26(3), 323-333.

McCrea, B., Jeffrey, J.S., Ernst, R.A., Gerry, A.C., 2005. Common lice and mites of poultry:
identification and treatment. Oakland: Division of Agriculture and Natural Resources,
University of California, Publication 8162, 1-7.

Mekvichitsaeng, P., Kerdchoechuen, O., Ruayreaun, R., Laohakunjit, N., 1999. Extraction of
limonoids from citrus seed (Citrus reticulata Blanco) for controlling the beet army worm
(Spodoptera exigua Hubner). In 15. Conference on Methodological Techniques in
Biological Sciences: Technology for Quality of the Agricultural Products, Nakhon
Pathom (Thailand), 2-3 Dec 1999.

Mestri, S., 2016. Quality control aspects of essential oils. https://www.linkedin.com/pulse/
quality-control-aspects-essential-oils-dr-sudhir-mestri (accessed on 30 May 2021).

Mieso, B., Befa, A. 2020. Physical Characteristics of the essential oil extracted from released and
improved spearmint varieties, peppermint and Japanese mint. Med. Aromat. Plants.
9(355), 2167-0412.

Mumcuoglu, K.Y., Magdassi, S., Miller, J., Ben-Ishai, F., Zentner, G., Helbin, V., Friger, M,
Kahana, F., Ingber, A., 2004. Repellency of citronella for head lice: double-blind,
randomized trial of efficacy and safety. Isr. Med. Assoc. J. 6, 756-759.

Nakahara, K., Alzoreky, N.S., Yoshihashi, T., Nguyen, H.T., Trakoontivakorn, G., 2013. Chemical
composition and antifungal activity of essential oil from Cymbopogon nardus
(citronella grass). JARQ. 37(4), 249-252.

Vigad et al. Vet Integr Sci. 2021; 19(3): 449 - 466 464




VETERINARY INTEGRATIVE SCIENCES

Nandi, S., Saleh-e-In, M., Rahim, M., Bhuiyan, M., Huda, N., Sultana, N., Aminul, A., Shamim,
A., Shajahan, S., Zamilur, R., Roy, S.K., 2013. Quality composition and biological
significance of the Bangladeshi and China ginger (Zingiber officinale Rosc.).
J. Microbial. Biotechnol. Food Sci. 2021, 2283-2290.

Ncube, B., Finnie, J. F., & Van Staden, J. (2012). Quality from the field: the impact of
environmental factors as quality determinants in medicinal plants. S. Aft. J. Bot. 82, 11-20.

Nogueira, J., Vinturelle, R., Mattos, C., Tietbohl, L.A.C., Santos, M. G., Da Silva Vaz, 1., Mourao,
S. C.,, Rocha, L., Folly, E., 2014. Acaricidal properties of the essential oil from
Zanthoxylum caribaeum against Rhipicephalus microplus. J. Med. Entomol. 51(5), 971-975.

Noudogbessi, J.P., Yedomonhan, H., Alitonou, G.A., Chalard, P., Figueredo, G., Adjalian,
E., Avlessi, F., Chalchat, J.C., Sohounhlou¢, D.C.K., 2012. Physical characteristics and
chemical compositions of the essential oils extracted from different parts of
Siphonochilus aethiopicus (Schweinf.) B.L. Burtt (Zingiberaceae) harvested in Benin. J.
Chem. Pharm. Res. 4, 4845-4851.

Park, I. K., Kim, J., Lee, S.G., Shin, S.C., 2007. Nematicidal activity of plant essential oils and
components from ajowan (7rachyspermum ammi), allspice (Pimenta dioica) and litsea
(Litsea cubeba) essential oils against pine wood nematode (Bursaphelenchus
xylophilus). J. Nematol. 39(3), 275.

Pasay, C., Mounsey, K., Stevenson, G., Davis, R., Arlian, L., Morgan, M., Vyszenski-Moher, D.,
Andrews, K., McCarthy, J., 2010. Acaricidal activity of eugenol based compounds
against scabies mites. PloS One. 5(8), ¢12079.

Pazinato, R., Volpato, A., Baldissera, M.D., Santos, R.C., Baretta, D., Vaucher, R.A., Giongo, J.
L., Boligon, A.A., Stefani, L.M., Da Silva, A.S., 2016. In vitro effect of seven essential
oils on the reproduction of the cattle tick Rhipicephalus microplus. J. Adv. Res. 7(6),
1029-1034.

Pinheiro, P.F., Queiroz, V.T.D., Rondelli, V.M., Costa, A.V., Marcelino, T.D.P., Pratissoli, D.,
2013. Insecticidal activity of citronella grass essential oil on Frankliniella schultzei and
Myzus persicae. Ciénc. Agrotec. 37(2), 138-144.

Pritchard, J., Kuster, T., Sparagano, O., Tomley, F., 2015. Understanding the biology and control
of the poultry red mite Dermanyssus gallinae: a review. Avian Pathol. 44(3), 143-153.

Pumnuan, J., Insung, A., Klompanya, A., 2020. Effects of seven plant essential oils on mortalities
of chicken lice (Lipeurus caponis L.) adult. Curr. J. Appl. Sci. Technol. 20(1), 52-58.

Regnault-Roger, C., 1997. The potential of botanical essential oils for insect pest control.
Integrated Pest Mang. Rev. 2(1), 25-34.

Regnault-Roger, C., Vincent, C., Arnason, J.T., 2012. Essential oils in insect control: low-risk
products in a high-stakes world. Annu. Rev. Entomol. 57, 405-424.

Sanbornn, M., Cole, D., Kerr, K., Vakil, C., Sanin, L. H. Bassil, K., 2004. Pesticides literature
review. The Ontario College of Family Physicians, Toronto.

Santillan, M.A., Grande, J.M., Liébana, M.S., Martinez, P., Diaz, L.A., Bragagnolo, L.A., Solaro,
C., Galmes, M.A., Sarasola, J. H., 2015. New hosts for the mite Ornithonyssus bursa in
Argentina. Med. Vet. Entomol. 29(4), 439-443.

Sharma, A., Kumar, V., Shahzad, B., Tanveer, M., Sidhu, G.P.S., Handa, N., Kohli, S. K., Yadav,
P, Bali, A.S., Parihar, R.D., Dar, O.1., Singh, K., Jasrotia, S., Bakshi, P., Ramakrishnan,
M., Kumar, S., Bhardwaj, R., Thukral, A.K., 2019. Worldwide pesticide usage and its
impacts on ecosystem. Appl. Sci. 1(11), 1-16.

Sharma, PK., Singh, V., Ali, M., 2016. Chemical composition and antimicrobial activity of fresh
rhizome essential oil of Zingiber officinale Roscoe. Pharmacogn. Mag. 8(3), 185-190.

Singh, G., Upadhyay, R.K., 1993. Essential oils-a potent source of natural pesticides. J. Sci. Ind.
Res. 52(10), 676-683.

Sofunmade T., 2003. Ectoparasites and haemoparasites of indigenous chicken (Gallus
domesticus) in Ibadan and environs. Trop. Vet. 21(4), 187-191.

Songkro, S., Yapong, P., Puechpan, P., Maneenuan, D., Boonme, P., 2018. Microencapsulation of
citronella oil for mosquito repellent: preparation and evaluation of release
characteristics. Songklanakarin J. Sci. Technol. 40, 767-775.

Sparagano, O.A.E., George, D.R., Harrington, D.W. J., Giangaspero, A., 2014. Significance and
control of the poultry red mite, Dermanyssus gallinae. Annu. Rev. Entomol. 59, 447-466.

Sririwichitchai, R., Saiai, A., Inthanon, K., Chomdej, S., Wongkham, W., Roongruangwongse, W.
2018. Anti-adipogenesis activities of Zingiber cassumunar Roxb. thizome extracts on
L929 cells evaluated by image-based analysis. Vet. Integr. Sci. 16(2), 35-51.

Vigad et al. Vet Integr Sci. 2021; 19(3): 449 - 466 465




VETERINARY INTEGRATIVE SCIENCES

Sriwichai, T., Sookwong, P., Siddiqui, M. W., Sommano, S.R., 2019. Aromatic profiling of
Zanthoxylum myriacanthum (makwhaen) essential oils from dried fruits using different
initial drying techniques. Ind. Crops Prod. 133, 284-291.

Tak, J. H., Isman, M.B., 2015. Enhanced cuticular penetration as the mechanism for synergy of
insecticidal constituents of rosemary essential oil in Trichoplusia ni. Sci. Rep. 5(1), 1-10.

Tian, B.L., Liu, Q.Z., Liu, Z.L., Li, P., Wang, J.W., 2015. Insecticidal potential of clove essential
oil and its constituents on Cacopsylla chinensis (Hemiptera: Psyllidae) in laboratory and
field. J. Econ. Entomol. 108(3), 957-961.

Timung, R., Barik, C.R., Purohit, S., Goud, V.V., 2016. Composition and anti-bacterial activity
analysis of citronella oil obtained by hydrodistillation: Process optimization study. Ind.
Crops Prod. 94, 178-188.

Tong, F., Bloomquist, J.R., 2013. Plant essential oils affect the toxicities of carbaryl and
permethrin against Aedes aegypti (Diptera: Culicidae). J. Med. Entomol. 50(4), 826-832.

Wang, X., Shen, Y., Thakur, K., Han, J., Zhang, J.G., Hu, F., Wei, Z.J., 2020. Antibacterial
activity and mechanism of ginger essential oil against Escherichia coli and
Staphylococcus aureus. Molecules. 25(17), 3955.

Wei, L.S., Wee, W. 2013. Chemical composition and antimicrobial activity of
Cymbopogonnardus citronella essential oil against systemic bacteria of aquatic animals.
Iran. J. Microbiol. 5(2), 147.

Yang, K., Wang, C.F., You, C.X., Geng, Z.F., Sun, R.Q., Guo, S.S., Du, S.S., Liu, Z., L., Deng,
Z.W., 2014. Bioactivity of essential oil of Litsea cubeba from China and its main
compounds against two stored product insects. J. Asia Pac. Entomol.17(3), 459-466.

How to cite this article;

Nattha Vigad, Wattana Pelyuntha, Prapakorn Tarachai, Sunee Chansakaow and Kridda
Chukiatsiri. Physical characteristics, chemical compositions, and insecticidal activity of plant
essential oils against chicken lice (Menopon gallinae) and mites (Ornithonyssus bursa).
Veterinary Integrative Sciences. 2021; 19(3): 449-466.

Vigad et al. Vet Integr Sci. 2021; 19(3): 449 - 466 466




