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Abstract

Seven natural monoterpenes (pulegone, eucalyptol, linalool, fenchone, menthone, a-terpinene and g-
terpinene), out of 13 tested, were shown to possess a high acaricidal activity by vapour action against
mobile stages of Tyrophagus putrescentiae. Of these seven, pulegone, menthone, linalool, and fenchone
yielded LC90 values of 14 ml/l or below. However, no e�ect was recorded on egg hatching. Interestingly,
the larvae and males of T. putrescentiae presented a mortality rate signi®cantly higher than females
(about 2-fold) when exposed to the same vapour concentration of the active monoterpenes. The high
acaricidal activity recorded on immature and adult stages might be primarily related to desiccation,
since dead mites presented symptoms usually considered to be associated with this phenomenon.
Moreover, since larvae and males are signi®cantly smaller than females and their surface/volume ratios
are higher, they tend to lose relatively more water, thus supporting the notion that the greater acaricidal
activity recorded on larvae and males might be primarily related to desiccation. Nevertheless, action by
interference with respiratory processes cannot be discarded. The potential of these natural monoterpenes
for practical use against mobile stages of T. putrescentiae in warehouses of traditional Spanish dry-cured
ham is discussed. 7 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The astigmatid mite, Tyrophagus putrescentiae (Schrank), is a cosmopolitan species
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commonly encountered infesting a large number of food grains and stored food with a high fat
and protein content, such as dried eggs, ham, cheese and di�erent kinds of nuts (Hughes, 1976;
Sinha, 1979; Gulati and Mathur, 1995). The mites normally live on the external surface of
these products, although sometimes they penetrate inside, causing serious economic losses
(Zdarkova, 1991). In addition, T. putrescentiae mites have been reported as being the
etiological agents of allergic diseases among farmers (Terho et al., 1985) and workers handling
salty ham (Armentia et al., 1994), and of causing systemic anaphylaxis after eating
contaminated food (Matsumoto et al., 1996).
Among other astigmatid mites, T. putrescentiae infestations have been considered to be the

most serious problem for dry-cured ham stores in Spain (Arnau and Guerrero, 1994),
particularly in stores specializing in traditional Spanish ham, as their mere presence often
reduces the saleability of this high value product.
The physical conditions (high humidity and temperature) required during the maturing and

storage processes of dry-cured ham favour the development of mites. These conditions are
regarded as essential by Spanish manufacturers and it is unlikely that they could be modi®ed
substantially to control mite populations without altering the organoleptic character of this
product. In fact, alterations in meat quality have been reported with the use of physical control
methods (Arnau and Guerrero, 1994).
The use of chemical methods, such as fumigation treatments or spraying with

organophosphates, to control T. putrescentiae in Spanish dry-cured hams are prohibited
because of human health hazards associated with its fresh-cured consumption. Therefore, the
search is on for more selective, natural compounds non-toxic to humans and which do not
a�ect the organoleptic character of this product.
Vegetable and essential oils have attracted interest because of their biological activities

against some economically important stored grain pests, such as bruchids (Schoonhoven, 1978;
Stamopoulos, 1991) and curculionids (Don-Pedro, 1989). Recently, acaricidal activity has been
reported when powdered leaves of Eucalyptus and Mentha and rhizomes of Curcuma were
applied against T. putrescentiae infesting wheat (Gulati and Mathur, 1995), and by contact and
inhalation exposures of Tyrophagus longior (Gervais) to essential oils constituents (Perrucci,
1995).
We report here on a laboratory study to assess the e�ect by vapour action of some natural

monoterpenes on the mobile stages of T. putrescentiae. In addition, their e�ect on egg hatching
and development was also investigated, since eggs usually account for a high proportion of the
population.

2. Material and methods

2.1. Mites

A stock culture of T. putrescentiae was established from infested samples of dry-cured ham
obtained from drying store rooms in Almendralejo (Spain). The mites were maintained on
brewers' yeast and held in cylindrical plastic cages (9 cm diameter and 3 cm height), each
covered with a round plastic plate having a 3 cm diameter hole in the centre, which was sealed
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with a ®lter paper disk for ventilation. The rearing cages were kept in an environmental
chamber (Sanyo MLR-350H, Sanyo, Japan) at 2520.58C, 9025% r.h. and dark conditions,
within a water-®lled plastic tray to prevent mites escaping and to maintain high humidity.
Adults were sexed by observing their secondary sexual characters (Hughes, 1976).

2.2. Natural products

The acaricidal activity of the following natural monoterpenes were tested: caryophyllene,
myrtanol, pulegone, pinene, terpineol and valencene supplied by Dr. BenjamõÂ n RodrõÂ guez
(CSIC, Instituto de QuõÂmica OrgaÂ nica, Madrid, Spain); linalool, a-terpinene and g-terpinene
purchased from Sigma Chemical Co. (St Louis, USA); and eucalyptol, fenchone, linalyl
acetate, and menthone from Acros Organics (New Jersey, USA). All compounds were
dissolved in methanol, except for g-terpinene which was dissolved in cyclohexane, before
application.

2.3. Assays

All assays were performed in an environmental chamber at 2520.58C, 9025% r.h. and in
dark conditions.

2.3.1. Acaricidal activity
Females of T. putrescentiae were used in the screening assays, since preliminary observations

revealed these as the most resistant mobile stage to the selected monoterpenes.
To test for vapour toxicity, females were placed on a brewers' yeast ¯ake (about 13 mg) in a

cavity slide (15±18 mm cavity diameter and 0.5±0.8 mm depth of well) and con®ned with a
cover slip (22 � 22 mm) initially sealed by contact with a small drop of water (Barker, 1967),
to avoid mites escaping but, after evaporation, allowing gas and humidity exchange. Each slide
was placed in a plastic box (134 by 95 by 30 mm, 1300 ml) where 20 ml (equivalent to a dose
of 66.7 ml/l) of each product were dispensed with a Gilson P20 microtitre pipette into a small
cap (8 mm diameter). Thereafter, plastic boxes were covered and sealed with para®lm to be
used as fumigation chambers. This experimental arena was used to expose mobile stages and
eggs to each compound for 24 h. For each product, ten females per arena, replicated 5 times,
were established. Methanol and cyclohexane were applied as controls at the same dose.
Mortality was recorded every 24 h under a stereomicroscope. The death of the mites was
established as follows: all mites unable to walk were transferred with a moistened ®ne camel
hair brush to untreated fresh food slides and maintained in the rearing chambers. Mites that
did not recover after 3 days were mechanically stimulated with a ®ne brush. The absence of
any reaction was considered as a sign of death. Those compounds giving greater than 90%
mortality were selected for further assays.
To assess the lethal concentration (LC) by vapour action of the active monoterpenes,

females <7 days old were placed as described above and treated with six doses per compound
established following a near geometric sequence of dilution. Ten females replicated ®ve times
were used for each dose and for the control.
The LD50 previously estimated for each product was applied to elucidate the di�erences in
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mortality among larvae (<24 h old), males and females. Ten individuals per product,
replicated ten times, were used.

2.3.2. E�ect on eggs
Eggs laid within 24 h were placed as described above. Ten eggs replicated ®ve times were

used for each product. The LC90 estimated previously was tested, since eggs usually need
higher doses than mobile stages. Egg development was checked daily under a stereomicroscope,
and hatching date and survivorship recorded.

2.4. Statistical analysis

LC values of each compound and 95% ®ducial limits were obtained by probit analysis using
POLO-PC (LeOra Software, 1987). Parallel regression lines were also compared using
overlapping ®ducial limits ( pE0.05) of relative potencies as the criterion to detect signi®cant
di�erences in activity.
Di�erences among larvae, male and female mortality for the di�erent compounds were

compared by a Kruskall±Wallis non-parametric test ( pE0.05). A nested ANOVA was used to
assess di�erences in the duration of the egg developmental stage.

3. Results

3.1. Acaricidal activity

A high mortality (>90%) was recorded when T. putrescentiae females were exposed to
vapour concentrations of 66.7 ml/l with seven of the tested compounds (pulegone, eucalyptol,
linalool, fenchone, menthone, a-terpinene and g-terpinene). Pinene and terpineol yielded a
mortality of 56 and 38%, respectively, which are greatly lower than those mentioned
previously. No activity to females was observed for any of the other four compounds (Table 1).
The LC50 and LC90 values obtained for females of T. putrescentiae exposed to each active

monoterpene are presented in Table 2. Pulegone, menthone, linalool and fenchone provided the
best acaricidal activity with an LC90 E 14 ml/l, whereas the LC90 obtained for eucalyptol, a-
terpinene and g-terpinene were in the range of 21±44 ml/l. However, the mortality rates
obtained demonstrate that the seven compounds possess acaricidal activity by vapour action.
Since the test of parallelism showed signi®cant di�erences among the probit regression lines,

two distinct group of compounds were established according to their slopes (Table 2). Group 1
consisted of eucalyptol, fenchone and linalool with a common slope of 7.120.4, linalool being
the most potent compound, with a relative potency 2.1 times higher than eucalyptol. Group 2
consisted of pulegone, menthone, a-terpinene and g-terpinene with a common slope of 10.92
0.8. Pulegone and menthone were the most e�ective, with the lowest LC50 (3.7 and 4.7 ml/l,
respectively) and the highest relative potency. The probit regression lines are represented in
Fig. 1.
The activity of each compound on larvae and males was determined at a dose corresponding

with the LC50 previously obtained for females. For each compound, the percentage mortality
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Table 2
Lethal concentration values (ml/l) and probit slope of natural monoterpenes on females of T. putrescentiae

Compound LC50 (95% CI)b LC90 (95% CI)b Probit slope2SE w 2 RPa (95% CI)b

Group 1
Eucalyptol 14.9 (14.1±15.6) 21.5 (20.0±23.7) 8.020.8a 0.198 1a

Fenchone 9 (7.9±10.5) 13.5 (11.3±19.8) 7.420.7a 10.594c 1.6b (1.48±1.80)
Linalool 7 (6.3±7.7) 11.2 (9.6±14.8) 6.320.7a 5.301 2.1c (1.96±2.29)
Group 2

a-terpinene 32.3 (30.3±33.9) 43.4 (40.6±48.6) 10.021.6b 2.243 1a
g-terpinene 33.2 (30.7±36.7) 42.6 (38.0±55.7) 11.821.2b 10.021c 0.98a (0.90±1.05)
Menthone 4.7 (4.5±5) 6.2 (5.8±7.2) 10.821.7b 2.737 6.8b (6.27±7.43)
Pulegone 3.7 (3.2±4.2) 4.7 (4.2±7.1) 12.021.3b 10.724c 8.8c (8.14±9.48)

a Relative potency of the two groups of compounds (Group 1 and 2) established by the test of parallelism. Values
followed by the same letter within each column and group are not signi®cantly di�erent ( p>0.05). n=300 females

per product.
b Lower and upper values of the 95% CI.
c Signi®cant (4 df; p<0.05).

Table 1
Percentage mortality of T. putrescentiae females exposed by inhalation to

natural monoterpenes

Compound Mortality (%)a

Caryophyllene 020.0
Eucalyptol 9822.0

Fenchone 10020.0
Linalool 10020.0
Linalyl acetate 020.0

Menthone 10020.0
Myrtanol 020.0
Pinene 56213.6
Pulegone 10020.0

Terpineol 3828.6
a-terpinene 10020.0
g-terpinene 10020.0

Valencene 422.5
Controlb 020.0

a Values are mean mortality (%2 SE) for each product (n = 50). All
compounds were applied at a dose of 66.7 ml/l dissolved in methanol,
except g-terpinene that was dissolved in cyclohexane.
b Refers to both methanol and cyclohexane controls.
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of larvae and males was similar, but mortality of both was signi®cantly higher ( p< 0.05) than
that for females (Table 3).

3.2. E�ect on eggs

The percentage mortality observed in eggs exposed to the active monoterpenes ranged from
0 to 4%, which was not signi®cantly di�erent from the control. Similarly, the duration of egg
development in treated samples, which ranged from 3.8 2 0.1 to 3.9 2 0.1 days, was not
signi®cantly di�erent from the control (3.920.1 days)

Fig. 1. Probit regression lines of T. putrescentiae females exposed for 24 h to: menthone (R), pulegone (*), linalool

(q), fenchone (+), eucalyptol (�), a-terpinene (W) and g-terpinene (w).
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4. Discussion

In this study, we have found that the vapours of seven out of 13 natural monoterpenes
tested possessed acaricidal activity against mobile stages of T. putrescentiae. Of these, pulegone,
menthone, linalool, and fenchone had the highest vapour toxicity with a LC90E14 ml/l. These
compounds are similar to those reported active against T. longior adults treated by contact and
inhalation (Perrucci, 1995), though they required three times the dose of menthone, linalool
and fenchone to obtain LC50 values in the range of those obtained in this work, and no
activity was reported for pulegone. This large di�erence in susceptibility might be related to the
smaller size of T. putrescentiae in relation to T. longior and/or to the speci®city of the
compound, as in the case of pulegone.
Interestingly, larvae and males of T. putrescentiae had a mortality rate signi®cantly higher

(about 2-fold) than females when exposed to the same dose (near female LC50) of the active
monoterpenes. Moreover, dead T. putrescentiae were shrivelled, with legs folded under their
bodies, and showed a characteristic depression of the dorsal surface of the idiosoma, symptoms
usually considered to be associated with desiccation (Ignatowicz, 1981; Evans, 1992).
Astigmata have thin and weakly sclerotized cuticles (Evans, 1992) and are commonly
associated with moist environments. As such, females will tend to lose relatively less water than
larvae and males, since they are larger, and their surface/volume ratios are lower, permitting
less water loss by di�usion through the body surface (Evans, 1992; Wharton et al., 1979).
Consistent with this assumption, mortality of larvae or males of T. putrescentiae was higher
than females when exposed at the same dose of the active monoterpenes.
The lack of ovicidal activity of the natural monoterpenes tested seems in accord with the

view that the exochorion of eggs of the genus Tyrophagus functions as a barrier against
desiccation, as suggested by Witalinski (1993), or against uptake of the vapour. Thus, the
higher acaricidal activity recorded on immature and adult stages of T. putrescentiae might be
again related to desiccation. However, action by interference with respiratory processes cannot
be discarded, since the metabolic rate and oxygen consumption is less in eggs than in adults,

Table 3
Percentage mortality of larvae, males and females of T. putrescentiae exposed by inhalation to the selected

monoterpenes

Compound Dose (ml/l)a Larvaeb Malesb Femalesb

Eucalyptol 14.9 8825.5 a 9025.2 a 4828.3 b
Fenchone 9.0 10020.0 a 9525.0 a 5529.9 b

Linalool 7.0 10020.0 a 10020.0 a 6327.5 b
Menthone 4.7 9822.0 a 9524.0 a 4827.7 b
Pulegone 3.7 10020.0 a 9723.0 a 5829.2 b
a-terpinene 32.3 10020.0 a 9921.0 a 4626.9 b

g-terpinene 33.2 10020.0 a 8726.5 a 5426.1 b

a Doses correspond with the LC50 previously obtained for females.
b Values are mean percentage mortality2SE (n= 100). Values followed by di�erent letters within each compound

are signi®cantly di�erent ( p<0.05; Kruskall±Wallis test).
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which could reduce the rate of mortality of eggs, as reported in Acarus siro (Szlendak and
Kraszpulski, 1991). Our current data are just a ®rst step in unravelling the complex
mechanisms of action of these natural monoterpenes on the mould mite.
In conclusion, of the natural monoterpenes tested, pulegone, menthone, linalool and

fenchone are the most promising for possible use against T. putrescentiae due to the low doses
required to produce a high mortality in the immature and adult stages. Additionally, no
residues dangerous for human health nor modi®cations of the colour, ¯avour, odour, and
texture of stored food treated with such products have been reported (Perrucci, 1995). This
could permit direct use of these monoterpenes or their natural derivatives on dry-cured ham,
though the lack of action of these compounds against eggs restricts their possible use in storage
systems. Further experiments are needed to con®rm the high activity reported here in the
warehouse situation, without variation of the much appreciated organoleptic character of dry-
cured traditional Spanish ham.
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