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Abstract

The assertion, often quoted in the popular literature, that peppermint has invigorating properties has been investigated

through objective assessment of daytime sleepiness. Pupillary fatigue oscillations have been used to give an index of pupillary

unrest that can be used as a reliable measure of daytime sleepiness. When compared with a no-odour condition, the presence of

peppermint oil limited the increase in sleepiness during 11 min spent in a darkened room. This significant difference in

sleepiness between the peppermint oil and the no-odour conditions was shown not to be related to differences in subjective

ratings of initial sleepiness, from the Stanford Sleepiness Scale (SSS). Neither was it related to differences in initial pupillary

unrest or mean pupil size. It seems that in conditions that favour an increase in daytime sleepiness, peppermint oil can indeed

reduce sleepiness. However, the mechanisms by which peppermint oil has its effect and the applicability of these findings to

situations in everyday life will require further empirical investigation.

D 2004 Elsevier B.V. All rights reserved.
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1. Introduction even more specific claims as to its effectiveness in
There seems to be, within popular literature at

least, some consensus as to the benefits and effects of

various essential oils. In particular, peppermint oil is

thought to be both stimulating (Hopkins, 1991) and

invigorating (Devereux, 1993). More recently, pep-

permint has been shown to be an aid to athletic

performance (Raudenbush et al., 2001). Others make
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reducing sleepiness. These include the inhalation of

peppermint oil to revive and stimulate junior doctors

while on a night shift (Buckle, 1997) or to counteract

after lunch sleepiness in the workplace (unsourced

quote appearing on multiple websites). These com-

monly held assertions about the invigorating effects

of peppermint have been confirmed, at a subjective

level, by a sensory profiling assessment of 16

essential oils in a variety of experimental settings

(Sugawara et al., 1999).

In contrast to these widely held beliefs about the

effects of peppermint oil, there are comparatively few
ysiology 55 (2005) 291–298
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empirical studies into these dinvigoratingT effects.

Several studies have looked at the effects of essential

oils on aspects of attention and task performance.

Using a visual attention task, Warm et al. (1991)

showed that the presence of peppermint significantly

increased detection of critical signals but had no effect

on the subjective experience of workload or stress.

This was further supported by EEG studies showing

that presentation of peppermint oil could lead to and

increased ability to sustain attention (Parasuraman et

al., 1992). However, using a visual vigilance task,

Gould and Martin (2001) found that there was a

significant effect of bergamot (a relaxing odour) on

task performance, with participants detecting fewer

targets, but there was no effect of peppermint.

There is greater support for the effect of pepper-

mint oil on sleep itself. By recording EEG sleep

stages, Badia et al. (1989) found a circadian dtime of

nightT effect where participants were less responsive,

when administered peppermint oil during stage 2 or

towards the middle or end of the night. They suggest

that peppermint oil may have an arousing effect but

seems not to be pervasive enough to interrupt lower

levels of sleep. In subsequent experiments, partici-

pants who were exposed to peppermint oil spent a

significantly greater percentage of time in stage 1

sleep and experienced more spontaneous awakenings

as compared to the air control group (Badia et al.,

1990a,b).

There is little doubt that in addition to any direct

physiological effect of an essential oil, there are also

other factors that may influence both task performance

and one’s level of alertness. One example of this is the

mismatch between the patterns of EEG activity and

the perceptual similarities of various essential oils

(Lorig and Schwartz, 1988). Furthermore, it has been

demonstrated that the perceptual quality of an odour

(hedonics) can have an affective reaction on a

person’s mood (Knasko, 1992). There are many other

indirect factors that may influence odour perception in

the individual, such as culture, expectations and belief

in the qualities of the odour (Broughan, 1998). A

useful categorisation of the mechanisms by which

odours have their influence has been provided by

Jellinek (1997). He identifies four mechanisms: (i)

quasi-pharmacological influences on the central nerv-

ous system, (ii) semantic influences that are dependent

on the individual’s experience with that odour, (iii) the
influence of the odour’s hedonic valence (pleasant-

ness) and (iv) an expectation effect (often referred to

as placebo).

This latter expectancy effect was elegantly dem-

onstrated by Ilmberger et al. (2001), where they found

that in a control condition with water, if participants

rated the water as being more stimulating (than the

previous water condition) then their reaction times

and motor movements were faster. This expectation

effect is thought to play a particularly critical role in

mediating attentional processes when low odour

concentrations are used (Torii et al., 1998).

In many of the studies mentioned above, the

measures are either of an attentional performance task

or a direct measure of the effect on stages of sleep. In

this study, we investigate the dinvigoratingT effects of
peppermint oil more directly by using an objective

measure of daytime sleepiness. However, most of the

commonly used objective measures of sleepiness

involve sleep latency and are therefore not appropriate

for a study involving an acute presentation of an

odour. A pupillary measure of daytime sleepiness was

therefore chosen. In sleepy participants, in darkness,

there are spontaneous low-frequency pupillary oscil-

lations with increasing amplitude, whereas in alert

participants, the pupil is relatively stable with small

amplitude oscillations (b0.3 mm) at approximately 1

Hz. Pupillary fatigue oscillations have been shown to

be both effective and reliable measures of daytime

sleepiness in a variety of experimental conditions

(Lowenstein et al., 1963; Yoss et al., 1970), and they

correlate well with the most commonly used objective

measure of sleepiness: the Multiple Sleep Latency

Test (Danker-Hopfe et al., 2001; McLaren et al.,

2002). Pupillary fatigue oscillations have been used as

a significant indicator of daytime sleepiness for both

sleep-related disorders (Wilhelm et al., 1998a) and for

sleep-deprived normals (Wilhelm et al., 1998b).

The size of the pupil is determined by the

antagonistic pairing of the dilator and sphincter

muscles. These muscles are double reciprocally

innervated by the sympathetic and parasympathetic

nervous systems. The steady-state size of the pupil in

darkness is largely dependent on sympathetic activity

and paired central parasympathetic inhibition. As

alertness decreases, there are reduced levels of central

sympathetic activity. It is this reduction in the

sympathetic activation of the Edinger–Westphal
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nuclei, as well as a reduction in the paired para-

sympathetic inhibition of the Edinger–Westphal

nuclei, that are thought be the primary contributors

to the pupillary fatigue oscillations (Wilhelm et al.,

2001).

Measurements of sleepiness from these oscillations

are therefore used here to ascertain whether some of

the claims made about peppermint oil deserve their

popular consensus.
2. Methods

Most normal healthy participants become increas-

ingly sleepy during an 11-min recording of daytime

sleepiness. The primary interest of this study was to

ascertain whether peppermint oil limits this increase in

sleepiness during the recording. The study therefore

incorporated a mixed factorial design with presence or

absence of peppermint oil as a between-groups factor

and time during the recording as a within-group

covariate. A passive control condition was used.

Daytime sleepiness was assessed by measuring and

analysing pupillary fatigue oscillations. Average pupil

size and initial subjective sleepiness were used as

additional covariates.

2.1. Participants

Twenty participants, all undergraduate students

from Coventry University, were recruited. These

participants were randomly assigned to control and

experimental conditions. The mean ages of these

groups were 24 and 21.4 years, respectively. In the

control condition, there were five males and five

females, in the experimental condition there were four

males and six females.

2.2. Materials

A bench-mounted monocular infrared video pupill-

ometer and eye tracker (PM_SCAN system; Barbur et

al., 1988) was used to record the pupillary responses.

The size of the pupil is calculated with a resolution of

0.01 mm and is output at a rate of 50 Hz. The

pupillary fatigue oscillations of the right eye were

recorded, while the participant viewed a static fixation

target, subtending 28, presented on computer monitor.
Blackout blinds and a sheet were used to ensure that

the room was in relative darkness (b1 cd/m2). The

participant was seated comfortably in an adjustable

chair, and their head was kept in position with

standard chin and forehead rest. An aroma pad was

positioned 3 cm from the participant’s left nostril. A

fixed concentration of undiluted peppermint oil,

Mentha x piperita, was administered to the aroma

pad just before each participant entered the room. The

concentration of the essential oil was determined in a

preliminary thresholding experiment involving 10

participants from the same student population as the

participants used in the main experiment. They each

carried out threshold judgments on five concentrations

of peppermint oil from the same dbatchT of the

product. The condition that corresponded to a

concentration just above threshold, for 8 of the 10

participants, was used in the main experiment. The

chosen concentration was subthreshold for one of the

remaining participants and significantly greater that

threshold for the other remaining participant. Thresh-

olds were not determined for the 20 participants in the

main study.

It has been noted that sleepiness and the factors

affecting sleepiness are not unitary. In order to control

for the situational factors that may modify the basal

levels that determine sleepiness, Cluydts et al. (2002)

suggests that multiple measures are used to assess

sleepiness. Indeed, a previous study on the effects of

peppermint oil on alertness suggested that the

Stanford Sleepiness Scale (SSS) should be used to

control for participants’ initial subjective level of

sleepiness (Ilmberger et al., 2001). Each participant

was therefore required to complete the Stanford

Sleepiness Scale (SSS) to indicate his or her level of

sleepiness at the beginning of the experiment. The

SSS is a single-item test scale that provides a reliable

indication of a participant’s feeling of sleepiness

(Hoddes et al., 1973) and has been significantly

correlated with vigilance, reaction time and the Multi-

ple Sleep Latency Test (Glenville and Broughton,

1979; Johnson et al., 1988).

2.3. Procedure

On recruitment, participants were screened to

ensure that they did not have a cold or nasal allergy.

In order to limit the effects of extraneous variables
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upon the oil’s performance, participants were asked

not to smoke, drink coffee or wear strong perfume/

aftershave in the hour prior to their participation. All

participants were tested separately between the hours

of 1 p.m. and 4 p.m.

The experimental room was fully ventilated for at

least 2 days between testing participants in the

peppermint and no-odour conditions. The room was

also briefly ventilated between participants in the

peppermint group.

After the SSS had been completed, the aroma pad

(with or without the peppermint oil) was brought into

the room and fixed in position. Following a brief

adaptation to darkness and to the experimental

surroundings, the 11-min recording was initiated.

The experimenter observed the pupillometer through-

out the recording to make sure that the participant did

not close their eyes, fall asleep or move out of the

camera’s focus.

2.4. Preliminary data management

Prior to further analysis, the data were filtered

using an artefact rejection algorithm. This involved

automated blink interpolation and the filtering out of

high-frequency noise (greater than 12.5 Hz) within the

data. The blink interpolation is based on the differ-

ential of the pupil size—if the rate of change of the

pupil exceeds the maximum constriction velocity of
Fig. 1. Time series data for the peppermint and no-odour conditions throu

mean of nine participants (FS.E.).
the normal pupil, 7 mm/s (Ellis, 1981), then the

portion of the trace affected is considered a blink.

Data are interpolated across any such portion of the

trace. Daytime sleepiness is then evaluated using the

standard procedures for calculating the Pupillary

Unrest Index (Lüdtke et al., 1998; Wilhelm et al.,

1999). The magnitudes of the difference between

consecutive complete means of 32 data points (at 50

Hz) are summed and normalised to 1 minute (from the

59.52 s arising from incomplete sets of 32 points) for

each minute of the recording. This corresponds to a

measurement of pupillary instability (in mm/min) with

a sampling frequency of 1.5625 Hz.
3. Results

The recordings from two of the participants, one

from each condition, were not included in further

analyses, as it became apparent that their pupillary

activity had been masked by interference either from

noisy estimation of the pupil margin or from

prolonged partial eye closures.

A graphical time series representation of the

Pupillary Unrest Index (PUI) during the 11-min

recording is shown in Fig. 1. For the purposes of

further analysis, the first minute was used as an

indicator of initial sleepiness and an average of

minutes 4 to 11 was used as a general indicator of
ghout the 11-min recording of PUI. Each data point represents the



Fig. 2. The initial and average PUIs are shown for the peppermin

oil and dno-odourT conditions.
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sleepiness in that condition. The 4 to 11 minute

average was determined a priori on the bases of

previous pilot and published studies. In published

descriptions of pupillary fatigue oscillations, the

maximum magnitude of pupillary unrest in normal

sleepy participants is reached in approximately 4 min,

and this magnitude is typically maintained for the rest

of the recording. (Lüdtke et al., 1998, Wilhelm et al.,

1999, 2001).

Scores of initial subjective sleepiness, from the

Stanford Sleepiness Scale, ranged from 1 to 4, with

mean scores for the peppermint and no-odour

conditions being 2.4 (0.8) and 2.7 (0.7), respectively.

These are between the ratings for 2 (bfunctioning at

high levels, but not at peak; able to concentrateQ) and
3 (bAwake, but relaxed; responsive but not fully

alert Q) on the SSS. This suggests that prior to the

recordings of pupillary behaviour, both groups were

fairly alert but relaxed. There is no significant

difference in the ratings of initial subjective sleepiness

between these two experimental groups, t=0.59

(df=16) p=0.56.

In order to control for the moderating effects of

pupil size per se, the mean pupil sizes were also

considered. The mean initial pupil sizes were 6.67

(0.86) for the control group and 6.42 (0.94) for the

peppermint group. The mean pupil size during

minutes 4 to 11 was 5.72 (1.35) for the control group

and 6.25 (0.80) for the peppermint group. There were

no significant difference in pupil size between the

groups for either initial pupil size, t=0.60 (df=16)

p=0.56, or average pupil size, t=1.01 (df=16) p=0.33.

The effects of time and of the experimental

condition can be seen in Fig. 2. During the first

minute of the recording (initial PUI), the mean

pupillary unrest indices for the peppermint and control

groups were 5.22 (2.44) and 5.12 (1.60), respectively.

However, the expected increase in sleepiness during

the 11-min recording was less in the peppermint

condition than in the control condition, with mean

indices of 7.68 (1.44) and 11.80 (4.45), respectively.

An ANCOVA was conducted in which the main

effect was that of experimental group on the average

PUI. Initial PUI, average pupil size and initial

subjective sleepiness were included as covariates.

There was a significant main effect of group,

F(1,13)=8.77, p=0.011, gp
2=0.403. None of the

covariates had a significant main effect: initial
t

PUI—F(1,13)=2.70, p=0.12, gp
2=0.172; average pupil

size—F(1,13)=2.60, p=0.13, gp
2=0.167; SSS—

F(1,13)=0.39, p=0.54, gp
2=0.029.

For the whole participant group, there were no

significant correlations between participants’ subjec-

tive ratings of initial sleepiness (SSS) and their initial

PUI, r=0.05 (n=18) p=0.83. Neither was there a

correlation between SSS and average PUI, r=0.04

(n=18) p=0.86.
4. Discussion

We have found support for the widely held belief

concerning the invigorating effects of peppermint oil.

Or more specifically, we have shown that the

presence of peppermint oil can have an antisoporific

effect in conditions favouring an increase in sleepi-

ness. The expected increase in sleepiness during the

11-min recording was found in both the peppermint

and control groups, however this increase was

significantly diminished in the peppermint condition.

This effect is unlikely to be a result of individual

differences in initial sleepiness because there was no

significant difference between the ratings of initial

subjective sleepiness (SSS) in the two groups.

Although it has been suggested that odours will be

more effective in subjects who feel inattentive

(Nelson et al., 1992), we did not find any relation-
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ship between participants’ subjective ratings of initial

sleepiness (SSS) and either their initial or average

PUIs.

It is well-known that the motility of the pupil

depends on the size of the pupil. Thus, a smaller pupil

will have a reduced PUI irrespective of the underlying

sleepiness. The smaller average PUI in the peppermint

group compared to the control group is unlikely to

have arisen through this type of pupil size effect

because there are no significant group differences in

mean pupil size, and if anything, the mean pupil size

is larger in the peppermint condition. In a similar vein,

we do not think that the findings here can have

resulted from a generalised orienting response to the

presentation of an olfactory stimulus. The mechanism

for any such effect on the PUI would be through the

pupil size effect considered above. Furthermore, the

timeline of the current experiment argues against an

orienting explanation because there are no differences

in PUI at the presentation of the stimulus (initial PUI),

but rather the effect of the odour is several minutes

after stimulus onset.

There are often very large variations in the efficacy

of particular odours between participants, as has been

demonstrated for the effect of peppermint on changes

in skin temperature (Satoh and Sugawara, 2003). In

this study, however, we found that the condition with

the least variance between participants was in the

average condition for peppermint. This suggests that

the antisoporific effects of peppermint, as assessed by

an objective measure of sleepiness, are not subject to

the same between-participant variability that has been

found for other oils and with other experimental

measures. It should be noted that the small sample

size makes this assertion difficult to generalise to a

wider population.

We started by commenting on the widely held

assertion that peppermint oil has invigorating proper-

ties. Because, as already noted above, the expectation

associated with an odour can have its own effect on

performance measures (Ilmberger et al., 2001), it is

possible that the dinvigoratingT effect of peppermint

oil is a result of expectancy rather that any properties

of the oil itself. Widespread awareness of these

supposed properties makes this possibility all the

more likely. Furthermore, the marginally suprathres-

hold concentrations used here are similar to the low-

odour concentrations that have previously been shown
to produce optimal expectancy effects (Torii et al.,

1998). Expectation, caused by belief in the invigorat-

ing properties of peppermint oil, may therefore have

been a contributory factor in the significant antisopor-

ific effect reported here. In any future study, this could

be further investigated by using a concentration

threshold criterion of 50%, rather than the 80% used

here. This would then allow for a second between-

participants factor relating to expectancy, because

approximately half of the experimental group would

not be aware of the odour.

There are additional methodological factors that

would also need to be considered in order to more

fully support the role of peppermint oil in reducing

daytime sleepiness. As a preliminary investigation in a

novel area, this study incorporated a passive control. It

would now be desirable to rule out other factors

unrelated to the peppermint through the use of an

active control condition, such as whether the arousal

effect was caused by the presence of an odour per se.

Through careful selection of the active control, it may

also be possible to further investigate the expectation

effect by choosing a control odour with supposed

soporific effects or one without a related expectation.

It would also be advantageous to use a repeated

measures design in any such replication in order to

control for the individual variability that is common in

both olfactory perception and in response to sleepi-

ness inducing situations.

It is not uncommon to find a dissociation between

subjective and objective measures of daytime sleepi-

ness. Indeed, this was one reason for the inclusion of

both a subjective and an objective measure of initial

sleepiness as covariates in the analyses. However, in

order to ascertain whether the peppermint is indeed

subjectively invigorating, it may be worth including a

postrecording SSS in any future studies.

Although the presence of peppermint oil dimin-

ishes the increase in daytime sleepiness that is

associated with sitting in dark room, it is not clear

from this study that peppermint oil has truly anti-

soporific properties or the capability to delay the onset

of sleep. Therefore, although the beliefs about the

dinvigoratingT effects of peppermint oil can be

supported, further empirical investigation is required

for some of the more specific claims relating to its

ability to keep people awake, for example during a

night shift.
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It seems that several of the oft quoted assertions

about the ability of peppermint oil to ward off

sleepiness now have some evidential support. How-

ever, further investigation is needed in order to

confirm that the effect is indeed attributable to the

peppermint oil and in order to identify the candidate

mechanisms (Jellinek, 1997) through which pepper-

mint has its antisoporific effect.
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