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Abstract

The poultry red mite (Dermanyssus gallinae) causes severe welfare concerns for laying hens arising from anaemia and disease trans-
mission, and has been identified as an associated risk factor in cannibalistic feather pecking. Previous work suggests that essential
oils may offer an alternative to synthetic acaricides to control D. gallinae. Such alternatives are needed due to the limitations of
synthetic acaricides (eg availability, resistance, environmental concerns and product residues). The aim of the current study was to
ensure that selected essential oils have no negative impact on either hen welfare or egg production. To achieve this aim, small groups
of laying hens were confined in poultry huts for a period of eight weeks during which time the interior of the huts was sprayed at
weekly intervals with one of four different treatments: i) Thyme essential oil at 5× the LC90 level (the concentration of oil previously
found to kill 90% of D. gallinae under laboratory conditions) for D. gallinae in 500 ml of water; ii) Pennyroyal essential oil at 5× the
LC90 level for D. gallinae in 500 ml of water; iii) Solvent-only (huts treated with 500 ml of water); and iv) Pseudo-spray where huts
were not treated with any product, but subjected to sham-spraying. The results suggest that pennyroyal essential oil would not be
suitable for further development as an acaricide for D. gallinae, since this treatment had to be terminated early in the study period
as a result of concerns about the welfare of hens exposed to this oil. Conversely, there were few differences in feather condition, hen
weight, feed intake, feeding efficiency, egg production or egg weight between thyme-treated huts and huts that were either pseudo-
sprayed or sprayed with solvent-only (water). It is concluded that thyme essential oil is a promising candidate for further development
as an acaricide for D. gallinae to help safeguard the welfare of laying hens in commercial poultry systems.
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Introduction
The poultry red mite (Dermanyssus gallinae, De Geer),

although not entirely species-specific, is seen most

frequently in systems for laying hens, largely due to the

lengthy turnover of the flock (approximately 72 weeks)

which allows time for large mite populations to become

established (Höglund et al 1995). The consequences of

infestation by D. gallinae are severe for the welfare of laying

hens. The feeding mite can cause irritation, restlessness and

either mild or severe anaemia, occasionally resulting in

death (Wojcik et al 2000; Cosoroaba 2001). D. gallinae are

also a threat in the spread of disease, since they may act as a

vector for a number of pathogenic poultry infections, both

viral and bacterial (Chirico et al 2003; Valiente Moro et al
2009). Behavioural observations have also shown increases

in cannibalistic feather pecking associated with D. gallinae
infestation (Kilpinen 1999). In a study of a caged housing

system, mortality of birds rose from 1 to 4% due to para-

sitism by D. gallinae and egg production was reduced by

approximately 10% (Wojcik et al 2000). Similar figures

from another study of caged hens recorded a significant

decrease in egg production levels (95 to 75%) and an

increase in mortality from 5 to 52% (Cosoroaba 2001) asso-

ciated with infestation by D. gallinae. Economic sustain-

ability is also affected through reduced growth rates of

growing hens, reduced egg production and reduced egg

quality (poor shell integrity and blood staining of the shell

surface) (Urquhart et al 1996; Chauve 1998). 

Research has shown that in the UK between 60% (Fiddes

et al 2005) and 85% (Guy et al 2004) of commercial egg-

laying premises may be infected with D. gallinae, with

higher mite populations typically seen in free-range systems

compared to cage units (Guy et al 2004; Fiddes et al 2005;

Arkle et al 2006). This is of particular concern given that

conventional cages will be prohibited in the EU from 2012

and thus the proportion of hens housed in alternative
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systems such as free-range is likely to increase substantially.

D. gallinae prevalence in laying flocks worldwide may vary

more significantly (20–90%) depending upon the country

and production system considered (Sparagano et al 2009).

Evidence for higher infestation rates in free-range systems

also appears to be country-dependant on a global scale, and

factors such as flock/farm size may also be important in

governing infestation rates (Sparagano et al 2009). 

The most common form of control of D. gallinae is by the

application of synthetic pesticides. However, the number of

effective pesticides registered for application in poultry

houses is relatively low for a number of reasons, including

development of mite resistance (Beugnet et al 1997; Kim

et al 2004; Fiddes et al 2005), chemical and antibiotic

residues in food and undesirable environmental effects

(Dalton & Mulcahy 2001). In addition, the tendency of D.
gallinae to occupy small cracks and crevices in the poultry

house and their ability to survive for extended periods

without taking a blood-meal (Axtell 1999), alongside their

prolific reproduction capacity and short lifecycle, make

eradication very challenging (Kilpinen 2001). As a result, in

addition to being a welfare issue for hens, D. gallinae is

considered to be the most economically deleterious parasite

of laying hens in Europe (Chauve 1998) which costs the EU

industry an estimated €130 million per annum in control

and production losses (van Emous 2005). If viable alterna-

tives to synthetic control products are not sought it is likely

that in the future many more of the world’s 2.8 billion

laying hens, 11.7% of which are located in the EU (Axtell

1999), will suffer as a result of D. gallinae infestation.

Research has also suggested that D. gallinae may obtain a

blood-meal from a range of alternative hosts, including

horses (Mignon & Losson 2008), rodents (Lucky et al 2001)

and man (Bruneau et al 2001), where these mites have

recently been linked to dermatological disorders such as

pseudoscabies (Cafiero et al 2008). Effective means of

controlling this pest may thus be of importance for the

welfare of other species as well as hens, ourselves included.

Plant-derived products may offer an alternative to synthetic

acaricides for managing D. gallinae populations and recent

research in this field has produced some promising results

(Kim et al 2004, 2007; Lundh et al 2005; George et al
2009, 2010a,b; Maurer et al 2009). Several pesticides

based on plant constituents of one kind or another are

already used widely in certain areas of pest management

(Isman 2006), including against pests of veterinary signifi-

cance (George et al 2008a). Products based on extracts

from the neem tree (particularly its seeds), for example, are

commonly employed in pest management per se. Neem oil

has been reported to have biocidal effects against some

200 species of arthropod pests (Choi et al 2004), including

D. gallinae (Lundh et al 2005). 

In previous work by George et al (2010a), 50 plant essential

oils were assessed for their toxic effect on D. gallinae. In

this same work, around half of these oils were selected

based on their high initial toxicity to D. gallinae and taken

forward for testing at various concentrations. The most

promising seven essential oils were then tested at different

environmental parameters and against brine shrimp,

mealworm beetles and juvenile as well as adult mites, to

assess their effect on D. gallinae life-stages and non-target

organisms (George et al 2010b). From these data, and in

conjunction with data obtained on the repellence of various

essential oils to D. gallinae (George et al 2009), it appears

that thyme and pennyroyal essential oils could be promising

D. gallinae pest-management products. Whilst this is

encouraging, especially as essential oils are typically envi-

ronmentally non-persistent and many are known to possess

extremely low mammalian toxicities (Isman 2006), research

is still needed to confirm that these essential oils have no

negative effect on hen welfare before they can be recom-

mended for development as D. gallinae acaricides and/or

repellents. Therefore, the aim of this experiment was to

evaluate the effect of thyme and pennyroyal essential oil on

hen welfare and egg production.

Materials and methods
The experiment described below was conducted under

Home Office Licence and local guidelines in place at

Newcastle University, UK.

Experimental design
Huts used to house experimental hens were arranged in an

open-fronted shed at Cockle Park Farm (Newcastle

University, Morpeth, UK) in a randomised block design

according to treatment. Four treatments were used as

follows: i) Thyme — huts treated weekly with thyme

essential oil at 5× the LC
90

level for D. gallinae in 500 ml

of water; ii) Pennyroyal — huts treated weekly with

pennyroyal essential oil at 5× the LC
90

level for D.
gallinae in 500 ml of water; iii) Solvent-only — huts

treated weekly with 500 ml of water; and iv) Pseudo-

spray — huts not treated with any product, but subjected

to sham-spraying. The LC
90

for thyme and pennyroyal (ie

the amount of these oils required to kill 90% of D. gallinae
over 24 h) had been previously identified in laboratory

assays by George et al (2010a) as 0.044 and 0.105 µL cm–3,

respectively. Essential oils were sourced from New

Directions, Southampton, UK. All huts were separated

from one another by a space of approximately 1 m.

Materials and animals 
Sixty-four Lohmann Brown pullets, previously reared by a

commercial supplier in a deep litter house with access to

perches, were used for this experiment. Birds were exactly

16 weeks old when delivered and had been beak-trimmed at

eight days of age and vaccinated against a range of diseases

(including Salmonella, Newcastle disease and coccidiosis).

The birds were housed in 16 poultry huts. Huts measured

120 × 90 × 82 cm (length × depth × height) at the front (with

a roof that sloped down towards the back of the hut to a

height of 66 cm). Huts were of the ‘Silver Jubilee Free

Range Poultry House’ type (WS Hodgson and Co Ltd,

Cotherstone, UK), and were treated with Spray and Protect

Timbercare (Wickes, UK). Each hut was fitted with a 40 W

lamp (attached to a wire-mesh ventilation window above

the access door) where light regimes were set at 14: 10 h,
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light:dark with lights coming on at 0700h to allow for

periods of low light in the huts before and after artificial

lights were turned on and off. Huts also contained a perch

(90-cm long), a nest box (approximately 60-cm wide and

divided into two compartments) and a pop hole. The pop-

hole was fixed open and covered with wire mesh to improve

ventilation. Birds were not permitted to leave the hut during

the experiment to ensure equal exposure to treatments in all

huts. A 3 L circular drinker and 3 kg feed hopper, attached

to the inside of the access door, were provided in each hut.

Feed (a commercial pelleted layer ration of 18% Farmgate

Layers Pellets from BATA, North Yorkshire, UK) and water

were available ad libitum. A covering of sawdust (1–2-cm

deep) was used as a substrate in each hut and replaced at the

end of each experimental week.

Experimental procedure 
Groups of four pullets were chosen at random, placed into

each of the 16 poultry huts and fitted with 12-mm coloured

plastic leg rings for identification. Due to constraints on the

equipment needed to run the experiment, it was necessary to

stagger the days on which data were collected so that each

week half of the huts (selected at random on a per block

basis) were treated on one day and the other half the

following day. Spray treatments were applied between 1100

and 1200h and the drinkers were removed during spraying to

minimise the risk of contamination of the birds’ water supply.

The walls (excluding the back of the door) and ceiling of the

hut interior were sprayed during treatment application, where

the total volume of liquid used dictated that hut interiors were

sprayed to the point of run-off. The substrate and nest box

were not sprayed directly, although they may have been

subject to drift during the treatment process. This procedure

for spray application was chosen to mimic the way in which

conventional acaricides are applied to poultry facilities,

where nest boxes are generally inaccessible for direct

treatment, especially when birds are in lay. For the first two

spray dates, all huts were pseudo-treated (no product in

atomisers) to acclimatise birds to the treatment process and

allow baseline data to be collected. After this time, huts were

sprayed with product according to treatment, except for

pseudo-spray control huts which continued to be pseudo-

sprayed, on a weekly basis for six consecutive weeks. 

Data collection
Upon delivery, hens were given one week to settle in prior

to the start of the study period. At this time (week 0), and

at weekly intervals thereafter for the remainder of the

study period (weeks 1–8), hens were weighed and their

feather condition scored using a subjective scale from

0 (intact feathers) to 5 for 11 independent body regions

(where a maximum score of 55 could theoretically be

obtained) according to the method presented by Bilčík and

Keeling (1999). Feed remaining in the trough at this time

and at weekly intervals thereafter was weighed to provide

data on feed intake (where the feed added to the trough

throughout the week was recorded), estimated from feed

disappearance from the trough, and to allow for subse-

quent estimation of feed efficiency. Feed efficiency was

calculated on a weekly basis by dividing the total weight

gained per hut by the total feed intake from that hut to

provide a feed efficiency index. From the start of the study

period, daily records were made of the maximum and

minimum temperatures in each hut (all huts were fitted

with a max/min thermometer) and the number of eggs laid

in each hut. Eggs collected from huts were returned to the

laboratory and weighed. Daily maximum/minimum

temperatures during the study period, averaged across all

huts, peaked at 26 and 9ºC, respectively. Welfare data

(feather condition and bodyweight) were collected each

week on the day prior to product application, with the last

data collection taking place six days after the final spray

date, at which time the experiment was terminated.

Statistical analysis
All statistical analyses were performed using Minitab (v 15,

Minitab Inc, State College, USA). Differences over time in

the measured variables were not considered as it was

expected that these would vary throughout the study due to

ongoing development/growth of the young hens used.

Furthermore, excluding time as a factor in any global

analysis allows easier interpretation of data from individual

weeks in isolation. Individual sampling dates were thus

considered separately from one another in the analyses. 

For feather condition, the average weekly score from all

birds in a given hut was calculated and analysed between

treatments using the Kruskal-Wallis test (adjusted for ties)

as data could not be considered continuous for parametric

analysis. Scores for all body regions for any individual hen

were totalled. Feather scores were notably low (zero) in

weeks 0–1 of the study period. As a result, only data from

weeks 2–8 were analysed. For bodyweight and body-

weight gain, the average weekly weight and weight gain of

hens per hut were taken and subjected to analysis of

variance (ANOVA) where treatment and experimental

block were considered as factors. Results from week 5 for

bodyweight gain required cube-root transformation to fit

the residuals from the ANOVA to a normal distribution.

Results on feed intake (per bird per day) were analysed as

for hen weight. In no instance did this data require trans-

formation. Results on feed efficiency (weight gained/feed

intake per hut) were also analysed in this way. Indices

calculated from data obtained in weeks 1 and 5 were cube-

root transformed prior to analysis.

Results on egg production were not considered to be contin-

uous in nature and so were analysed by non-parametric

methods. The average number of eggs produced per bird per

day from huts under different treatments was compared

using the Kruskal-Wallis test (adjusted for ties). Data on egg

weight were analysed by obtaining an average egg weight

(per week per hut) and then subjecting this data to ANOVA

as described previously. Egg laying did not commence in

some huts until into the third week of the study, so only data

from weeks 3 to 8 were analysed. 

Where a significant difference was identified between treat-

ments using ANOVA, post hoc testing was conducted using

Tukey’s test. Where post hoc testing was required following the

Kruskal-Wallis test this was done using Mann-Whitney U tests.
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Results
Where data required transformation prior to analysis, all

graphs displayed show means and individual treatment

standard errors derived from the original data. Due to

concerns over hen welfare, it was necessary to terminate

the pennyroyal treatment soon after the commencement

of spraying with this product (directly after treating in

week 4 of the study period). Results obtained from

pennyroyal-treated hens are thus not available after

week 4 of the study. For reference, data collected after

spraying with product commenced are shown from

week 3 onwards, where product-spraying was begun the

day after collection of week 2 data.

Mortality
Mean mortality (% birds per hut which died) was 12.5% for

the pennyroyal treatment, and 0.0% for the other three

treatments. However, all birds in the pennyroyal

treatment were subsequently euthanased in week 4 due to

concerns over toxicity.

Feather condition
At no point during weeks 2–8 of the study period was there

any significant difference (P < 0.05) in feather condition

between treatments. Mean feather scores per bird were low

in weeks 1–4 (< 2), although they had increased by week 8

(6–7) in all treatments.

Bodyweight
Significant differences between treatments in the bodyweight

of hens were recorded in weeks 3 (F
3,9

= 5.07, P < 0.05) and

4 (F
3,9

= 6.92, P < 0.05). In both cases, this result was due to

a decline in the bodyweight of hens subjected to treatment

with pennyroyal essential oil (Figure 1).

Bodyweight gain
There was a significant difference between treatments in the

average weight gained by hens for week 3 (F
3,9

= 26.49,

P < 0.001), 4 (F
3,9

= 6.83, P < 0.05) and 7 (F
2,6

= 5.42,

P < 0.05) data. For week 3 and 4 data, this resulted from

weight loss in birds subjected to pennyroyal essential oil,

where birds in all other treatment groups experienced

weight gain (Figure 2). For week 7, hens under the solvent-

only treatment gained significantly more weight that those

of the pseudo-spray treatment.

Feed intake and feed efficiency
There were significant differences between treatments in

feed intake for weeks 5, 6 and 7 (F
2,6

= 13.35, 7.06 and 8.95,

P < 0.01, 0.05 and 0.05, respectively) (Figure 3). In all

cases, this difference was due to higher feed intake

(P < 0.05) in the pseudo-spray treatment compared to either

the other two treatments in week 5 or the solvent-only

treatment in weeks 6 and 7 (Figure 3). There was also a

significant effect of block on the data (weeks 5 and 7;

© 2010 Universities Federation for Animal Welfare

Figure 1

Mean (± SEM) bodyweight for hens housed in poultry huts subjected to different spray treatments (n = 4). Within a given week, means
not sharing a common letter are significantly different according to the Tukey’s test (P < 0.05).
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F
3,6

= 16.10 and 9.49, P < 0.01 and 0.05, respectively). Feed

intake was increased in block 1 compared to all other blocks

(P < 0.05) in week 5 of the study and increased (P < 0.05)

in block 1 compared to blocks 2 and 3 in week 7. 

There was a significant difference in feeding efficiency

indices between treatments for weeks 3 (F
3,9

= 11.95,

P < 0.01), 4 (F
3,9

= 5.89, P < 0.05) and 7 (F
2,6

= 15.56,

P < 0.01) (Figure 4). For week 3 and 4, this resulted from a

reduced digestive efficiency index in birds subjected to

pennyroyal essential oil (Figure 4). For week 7, the feeding

efficiency index was higher in the solvent-only treatment

compared to the other two treatments (P < 0.05).

Animal Welfare 2010, 19: 265-273

Figure 2

Mean (± SEM) daily weight gain for hens housed in poultry huts subjected to different spray treatments (n = 4). Within a given week,
means not sharing a common letter are significantly different according to the Tukey’s test (P < 0.05).

Figure 3

Mean (± SEM) daily feed intake for hens housed in poultry huts subjected to different spray treatments (n = 4). Within a given week,
means not sharing a common letter are significantly different according to the Tukey’s test (P < 0.05).
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Egg production and weight
There was a significant difference in egg production

between treatments for weeks 3 (H = 9.79, P < 0.5) and 4

(H = 10.39, P < 0.05). In both cases, this resulted from

reduced egg production by birds subjected to pennyroyal

essential oil (Figure 5). At no other point during the study

was there any significant difference in the weekly egg

production of hens under different treatments (Figure 5).

There was no significant difference between the mean weight of

eggs laid from hens under different treatments at any point during

weeks 3 to 8 of the study. In week 3 mean egg weight was approx-

imately 45 g in all treatments, this rising to ~60 g by week 8.

© 2010 Universities Federation for Animal Welfare

Figure 4

Mean (± SEM) weekly feed efficiency indices for hens housed in poultry huts subjected to different spray treatments (n = 4). Within a
given week, means not sharing a common letter are significantly different according to the Tukey’s test (P < 0.05).

Figure 5

Mean (± SEM) daily eggs laid per bird for hens housed in poultry huts subjected to different spray treatments (n = 4). Within a given
week, means not sharing a common letter are significantly different according to Mann-Whitney U tests (P < 0.05).
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Discussion
The aim of this experiment was to evaluate the effect of

thyme and pennyroyal essential oils on welfare and egg

production of groups of laying hens. After commencing

spray applications in week 2, it became apparent in weeks 3

and 4 of the study that pennyroyal essential oil was nega-

tively affecting both the welfare (two birds died and others

experienced weight loss not seen in other treatments) and

productivity (egg production) of hens. Therefore, it was

decided that the pennyroyal treatment should be discon-

tinued as of week 4 of the study. Hens from huts treated

with pennyroyal were sent for post mortem examination at

a veterinary pathology laboratory. Gross post mortem

examination did not reveal any lesions suggestive of

toxicity, although such a pathological effect would only be

determined by more detailed investigations, such as

histopathology (JP Duff, personal communication 2008).

Expert veterinary opinion was that the treatment should be

terminated based on the clinical evidence presented;

namely a substantial drop in bodyweight and egg produc-

tion and depressed behaviour. 

Previous work in our laboratory (George et al 2009, 2010b)

has demonstrated that pennyroyal essential oil has several

characteristics which indicate that it could be an acaricide

for D. gallinae, including high levels of toxicity to D.
gallinae at all life stages, environmental stability and

relative non-toxicity to brine shrimp (George et al 2010a,b).

However, pennyroyal essential oil is known to be relatively

more toxic to vertebrates than thyme essential oil, where

respective oral rat LD
50

values have been reported as

400 and 2,840 mg kg–1 bodyweight (Golob et al 1999).

Pulegone, the main constituent of pennyroyal essential oil,

has been shown to cause slackness, depression, decreased

food consumption and bodyweight and increased liver

weight when administered orally to rats (Mølck et al 1998).

Mølck et al (1998) also described fatal cases of pennyroyal

and pulegone poisoning in humans resulting in mental

disturbance, cerebral oedema, acute ischaemic necrosis,

vacuolisation of the white matter, hepatic necrosis and renal

failure. Whilst the previous work in our laboratory using a

brine shrimp assay (a common method to assess potential

mammalian toxicity) did not identify any potential delete-

rious effects of pennyroyal, in the present study pennyroyal

was applied to huts at a substantially higher rate than that

used in the brine shrimp assay and which could be recom-

mended for commercial control of D. gallinae. This was to

ensure that the effect of exposure to very high levels of oil,

even by accident, on hen welfare could be determined.

More detailed laboratory analyses, outwith the scope of this

current study would be required to identify exactly why

exposure to pennyroyal essential oil exerted a negative

effect on hens in the current study. Nevertheless, the current

study demonstrates that pennyroyal essential oil could not

be recommended as a D. gallinae acaricide for use in the

poultry industry and emphasises the need to carefully screen

any new plant-derived products for potential toxic effects

on hens. It is likely that the cumulative effect of increased

dosage and higher vertebrate toxicity per se caused the

observed negative effects in hens following pennyroyal

essential oil application, where such effects were absent

altogether where thyme essential oil was used. 

At no point during the 8-week study period was there any

difference in feather condition, bodyweight or weight gain

between hens treated with thyme essential oil and those that

were either pseudo-sprayed or treated with solvent alone.

This shows that not only did treating with thyme essential

oil have no immediate effect on welfare (after product

spraying at the start of week 3), but also that there was no

cumulative effect of treating at weekly intervals (for up to

six consecutive weeks). 

There was also no effect of thyme essential oil on egg

production and egg weight, reassuring egg producers that

the use of this product to control D. gallinae and safeguard

hen welfare is unlikely to have any negative impact on

production parameters. Such a result, whilst beneficial to

the development of thyme essential oil as a D. gallinae
acaricide, is not surprising in light of work elsewhere in the

literature. In work by Radwan et al (2008), inclusion of

herbs in hen diets (including thyme at 1.0%) improved

production performance, with observed increases in egg

number and mass and improved feed conversion. Radwan

et al (2008) attributed this, along with similar results from

earlier work with chicks using thyme and rosemary at 0.5%

(Radwan 2003), to the essential oil component of the herbs

having antimicrobial, antifungal and antioxidant properties

that may have improved utilisation of dietary nutrients.

Similarly, Poráčová et al (2007) reported an increase in the

weight of eggs laid by hens whose diet was enriched with

0.1% chamomile essential oil. There was, however, no

evidence in the current work that treating hen housing as

opposed to feed with thyme essential oil had any beneficial

effect on growth or production parameters.

Some significant effects of treatment were seen for data on

feed intake and feed efficiency between thyme and the

pseudo-spray/solvent-only treatments. There was a trend

for feed intake in weeks 5, 6 and 7 to be greater for birds

that were pseudo-sprayed. Even then, however, only in

week 5 was feed intake from thyme-treated and pseudo-

spray huts significantly different from one another (whilst

data from pseudo-spray and solvent-only huts were signif-

icantly different from each other on all three dates). This

suggests that any effect seen was not the result of spraying

with thyme essential oil, but perhaps resulted from

spraying per se for reasons unknown. As the huts in three

of the four treatments were sprayed with liquid to the point

of run-off, it is possible that there was an increase in

humidity/moisture in these huts when compared to pseudo-

spray treatment which might have affected feed intake. The

results were nevertheless inconsistent and further study

would be needed to determine if this was indeed the case.

Feed intake data, if data from pennyroyal-treated hens are

discounted, did not differ between treatments for any other

weeks of the study (weeks 1 and 2 prior to spraying with

any product and weeks 3, 4 and 8 after product applica-
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tion). Similarly, again with pennyroyal data aside, data on

feed efficiency only differed in week 7 of the study period.

Again, this was not the result of data from thyme-treated

huts differing from both pseudo-spray and solvent-only

treated huts, suggesting that treating with thyme essential

oil per se was again not the cause of this difference. Where

feed efficacy was reduced in pennyroyal-treated huts it can

be speculated that this resulted from birds diverting

nutrients from production (egg output) to homeostasis

(response to the toxicity challenge from pennyroyal) since

feed intake was not significantly reduced.

It therefore seems that thyme essential oil, if developed and

deployed as an acaricide for use against D. gallinae, could

be applied at an effective concentration and reapplied on

multiple occasions if necessary with no negative impact on

hen welfare or egg production. Other work on essential oils

has suggested that lavender essential oils may be short-

lived in their toxicity to D. gallinae (George et al 2008b)

and may thus require such repeat application to be effective

as acaricides. Research also indicates, however, that thyme

essential oil might display relatively fast knock-down to D.
gallinae (Olatunji et al 2008) and be repellent to adult D.
gallinae for relatively long periods (of up to several weeks)

(George et al 2009). If used as an acaricide application,

thyme essential oil could therefore both kill any D.
gallinae present in a poultry unit and serve to minimise re-

colonisation by D. gallinae following application to further

safeguard hen welfare. 

The potential of thyme essential oil as a pest control agent

is also supported elsewhere. Essential oil from thyme (or

thymol, its main chemical constituent) has been

researched for pest control against D. gallinae (Kim et al
2004), the bee mite species, Varroa jacobsoni (Oudemans)

(Calderone et al 1997), Acarapis woodi (Rennie) (Rice

et al 2002) and Varroa destructor (Anderson & Trueman)

(Rice et al 2002; Floris et al 2004) and the parasitic mite

Psoroptes cuniculi (Delafond) (Perrucci et al 1995). In

displaying toxicity to a range of pest species in this way, it

may be the case that thyme essential oil could be deployed

in poultry units against a multitude of pests in a single

application. Mites (including species other than D.
gallinae), lice, bedbugs, fleas, ticks and various species of

Diptera may all serve as pests to varying degrees in

poultry systems (Axtell 1999) and could potentially be

targeted alongside D. gallinae. 

Animal welfare implications
The results of the current study confirm that thyme essential

oil, a plant-based product with promising potential for

development as either a D. gallinae acaricide, repellent or

both, could be used in commercial laying hen systems with

no apparent risk to hen welfare or productivity. This will

hopefully allow for further field-scale testing and develop-

ment of thyme essential oil-based products for use against

D. gallinae in laying hen systems.

Conclusion 
In the absence of any negative effect on hen welfare and egg

production, data from this pilot study provides evidence that

thyme essential oil may be considered a promising

candidate as an acaricide and/or repellent for D. gallinae.

More work will nevertheless be required to both confirm

these results on a commercial scale and identify the best

options for deploying essential oils in commercial practice.
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