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Aromas, Cognition and Mood

ABSTRACT

This study provides further evidence for the impact of the arofalat essential oils
on aspects of cognition and mood in healthy participants. One louaaldeforty four
volunteers were randomly assigned to conditions of ¥Mlagg aroma, Peppermint
aroma, or no aroma control. Cognitive performance was assessed as@ugtiitive
Drug Research computerised assessment battery, with mood scales comfieteainoe
after cognitive testingThe analysis of the data revealgnificant differences between
conditions on a number of the factors underpinning the tests thetttatenthe battery.
Peppermint was found to enhance memory whereas Y&ty impaired it, and
lengthened processing speed. Interms of subjective moodrRempeacreased
alertness and Ylanylang decreased it, but significantly increased calmn&hsse
results provide support for the contention that the aromas of edsmistcan produce
significant and idiosyncratic effects on both subjective and tgeassessments of
aspects of human behaviour. They are discussed with referenceitdegos

pharmacological and psychological modes of influence.
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INTRODUCTION

Putative effects of various aromas on aspects of human baha&ao be traced back to
andent Greece, where the extracts of aromatic plants were used for cosmetiyselig
and medical purposes. Today the popularity of aromas for pleaslaration and in
therapeutics is unabated and typified in the ever popular applicdtiaromatherapy
(Tisserand, 1993 Valnet (1986) documents the historical clinical use of aromatherapy
as a treatment for various meddéorders and the introduction of ‘modern’ aromatherapy
in Europe can be traced back to RéMeurice Gattefosse in the 1920s (Wartik95).
Proponents of aromatherapy claim complex angdaching benefits of essential oils
extracted and highly refined fragrant substances produced by some-plathteach oil
purported to possess quite exclusive properties. Despaiewidespreadbelief in the
beneficial properties of aromatherapy amongst the populace howeses,Has to date

been limitedscientific research into the validity of such reputed effects.

Within the relatively small body of investigative research thastexifindngs thus far
indicate that the claims made for essential oils may indeed have salidgy.
Regarding therapeutic subjective effediartin (1996) reportediecreases in anxiety
levels in paents undergoingomputerizeeaxiattopography (CAT) scans whilin the
presence of ambient heliotropin, a vanlike odour, relative to controlsSimilarly, the
sedative reputation of lavender has been evidenced in studiesiefyareduction and

mood improvemenin a range of situationd.orig and Schwartz, 1987 Ludvigson and
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Rottman, 1989; Buchbauer et al, 1991; Lehrner et al,)20@&i et al (2000 compared
the effects of lavender and hiba oil on female patients with chr@a@mabdialysis and
found hiba oil to significantly decrease mean levels of anxaety depression, where
lavender was found only to exert a beneficial effect on anxietyeald is worth noting
however that no benefit wgwesentin a study investigating the effect of aroma on
anxiety in preprocedural abortion patien{8Veibe 2000) Furtherto investigations of
subjective moodBrownfield (1998)reportedthat massage with topical administration of
lavender resulted in more pronounced analgesic effects than wmasisag amongst
patients with chronic rheumatoid arthritisn additionto studies of sedative or relaxing
aromas peppermint, jasmine and rosemary oils have all shown agppsopertiesin

keeping withtheir collectivereputation(Warm and Dember, 1990; Kovar et al, 1987).

Employing more objective dependent measur&diego et al (1998) found
electroencephalogram (EEG) readings to show increase¢gpdetx following lavender
inhalation, implying neurological sedatioand corroborating subjective reports of
calmness, while jasmine has been demonstrated to produce incaigdmsgabwer in the
frontal cortices, indicative of increased arousal (Wat995) Furthermore, peppermint
appears capable of reliably producisgnall EEG and electromyogram (EMG) or
muscularconductance fluctuations during REM and NREM sleep (Badih £090). A

finding that is able to rule out the possible effects of expectancy.

The long believedpossibility that essential oils may influence performanceognitive

domainshas also received some attentiobegel and Koster (1999) found inhalatioh
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lavender to improve letter counting and mathematical tasks,veeladi inhalation of
jasmine, while both extracts impaired creativity performance relativecotarols.
Furthermore,Degal et al (2001describé a beneficialeffect of lavender and oramgy
aromas on a measure iafplicit memory Warm et al (1991)eportedboth peppermint

and muguet essences increhgeerformance on a sustained visualeation task
liImberger et al (2001¢xplored the psychological component of performance effects and
ventural interlinked correlations between subjective evaluation of substaands
corresponding expectations, relative to task performambe. authors contend thtteir
results clearly assign a high psychological componenthe effects of essential oil
aromas. This isomewhatn contrast to the findings ofdt et al (200D and Warm et al
(1991)who argue for independent effects on cognition that are separate to naoge<sh
and further suggests avenues of effect independent of psycholdggtafs aw
expectations Moss et al (in press) found a complex pattern of relationships between
induced expectancieend aroma effecte’hen investigating the influence of chamomile
aromaon cognition and moaod The findings supporto some extenthose previously
identified elsewherefor the impact of expectation on physiological measureder

aroma conditiongCampenni et al 2004)

In a previous investigatioriioss etal (2003) comparedognitive performanceacross
lavender, roseary or control caditions usig a computerised assessment battery.
Lavender was found to globally impair memory andcten times, whereaRosemary
was found to improve the overall quality adng term memory With regards to

subjectivemood states, bdt control and lavender groupscamesignificantly less alert
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than the rosemary groupver the test session. In apparent contf@sid et al (2005)
report improved mathematical computation speed followingnidee exposure however
— an effect they suggest is a result of improved dnand greater relaxationn a more
applied setting Sakamoto et al (2005) found that although sedatingdéaveauld
improve work performance when applied during rest sessions, polgityproving the

quality of relaxation.

A recent assessment ¢iet effect of ylangylang aroma on physiological parameters and
subjective state demonstrated a possible “harmonization” effectraliedt through
reductions in blood pressure and heart rate accompanied by increasasness and
attentivenesgHongratamaworakit & Buchbauer, 2004). However, o assessment of
cognitive functioning was madelhe accrued evidence therefore generallpports the
proposal osubstancespecific effects on subjective stapysiological measurgandto
some extentogntive performance To extend our knowledge in the arehiststudy
attempted tdurther assess the impact of peppermidteqitha piperitg, andylang ylang
(Canananga odorataessential oil aromas oa wide range oftognitve performance

measureamnd subjectivemood.

Materials and methods

Participants

One hundred and fortfpur undergraduates and members of the general public
volunteered to take part in this study. The composition of the threeimgmntal groups

was: peppermint condition 24 females (meanzgé years, SD 5.6), 24 males (mean



Aromas, Cognition and Mood

age 24.7 years, SD 5.0); ylagtang condition 26 females (mean age 22.8, SD 5.1); 22
males (mean age 24.3, SD 6.0); control condition 28 females (mean 8g8R4.3), 20
males (mean age 21.9 SD 8.3). Prior to pgdtoon each volunteer completed a health
guestionnaire. All participants self reported that they wer@addnealth and none were

excluded from the study.

Aromas

"Tisserand" pure essential oils (Tisserand Aromatherapy, Newtoad,Riove, Sussex,
BN3 7BA) of peppermint and ylanglang were used to produce the ambient aromas.
Four drops of the appropriate oil (or water in the control conditiong @pplied to a
diffuser pad for a "Tisserand Arorseream”. The Aromatream was placed under the
bench in he testing cubicles so as to be out of sight, and switched on for fngasi
prior to the testing of each participant. Each aroma was above deteot®smoid and of

approximately equivalent strength for each testing session as adsgssethdependén

party.

Testing cubicles
Each testing cubicle measured 2.4m long x 1.8m wide x 2.4m high and aetained

at a temperature between 18 and 22 degrees Celsius throughout thesésstimgs.

Cognitive measures
A tailored version of the Cognitive Drigesearch (CDR) computerised assessment

system (installed on Viglen genie computers) was employed tca¢galagnitive
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performance. The CDR system includes a number of measures that aie gpecif
particular aspects of attention, working memory and lengy tmemory. Stimuli are
presented on a colour monitor, and (with the exception of word reegjtipnses are

made using a simple response module containing two buttons labedie'da™d ‘No’
respectively. A suite of programmes controls all aspects afigestcluding selection of
appropriate sets of stimuli for presentation and recording albnssg.

The tests employed in this study were presented in the following order:

Word presentationA series of 15 words is presented sequentially for one sesamid
with an interstimulus interval of one second. The words are a mix of one two as&l thr
syllables.

Immediate Word RecalllThe computer display counts down sixty seconds during which
time participants write down as many of the words from the listoasilge. Recall is
scored for number of correct words, and errors (words not presentedigt)the

Picture PresentationTwenty photographs are presented, with a stimulus duration of 2
seconds each, and inter stimuli interval of 1 second.

Simple ReactiorTime The word Yes is presented in the centre of the screen. The
participant has to press the Yes button as quickly as possible aiteeb0 trials and the
intertrial interval varies randomly between 1 and 2.5 seconds. ddwian time is
recorded in mac.

Digit Vigilance A number is displayed constantly to the right of the screen. issef

240 digits is presented one at a time in the centre at a rate of 8inpéz;M5 match the
constantly displayed digit. The participant has to press the Yésnbas quickly as

possible every time the digit in the centre matches the one constaptydds Accuracy
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of response (%), reaction time (msec), and number of false alarms are recorded
Choice Reaction Timéeither the word Yes or the word No is presdntethe centre of

the screen. The participant has to press the Yes or No button as agipramd as
quickly as possible. There are 30 trials (25 ‘Yes’ and 25 ‘No’) andntketrial interval
varies randomly between 1 and 2.5 seconds. Accuracy (%) and reaceofnts®c) are
recorded.

Spatial Working MemoryA schematic picture of a house is presented for 5 seconds. The
house has nine windows in a 3x3 pattern, four of which are tlat®ed. A series of 36
presentations of the same house in which justwimdow is illuminated follow, and the
participant has to respond Yes if the window was one of the foum tikhe original
presentation, or No if it was not. Sixteen of the stimuli require f.résponse and 20 a
No response. Reaction time and accuracy are recorded and a sensitivity iodlexech
Memory ScanningFive digits are presented singly at the rate of one every secone for th
participant to remember. A series of thirty digits is then mtese For each, the
participant must press Yes or Nocarding to whether the digit is thought to be one of
the five presented initially. Fifteen stimuli require a Yes raspaand 15 a No response.
This is repeated three times using a different 5 digits on each occasionoRéanti is
recorded and a sengity index calculated.

Delayed Word RecallThe computer counts down sixty seconds during which time
participants free recall as many of the words from the lisbasilple. Recall is scored for
number of correct words; and errors (words not presentid ilst).

Word RecognitionThe 15 words initially presented for the word recall are presented

again in random order interspersed with 15 new words. The partigpes#es Yes or No
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each time to signal whether or not the word was from the originaResction time and
accuracy are recorded and a sensitivity index calculated.

Picture RecognitionThe 20 pictures presented earlier are shown again in random order
interspersed with 20 similar new ones. The participant signals riéoogoy pressing the

Yes or No button as appropriate. Reaction time and accuracy are recorded and a
sensitivity index calculated.

‘Pencil and Paper’ Visual Analogue Scalessessing subjective levels of alertness,
calmness and contentedness, were presented prior to andriglidweicomputerised

tests. Participants are required to indicate their current state bynmarkne drawn

between two bipolar adjectives. The entire battery took approximatelyyrfes

minutes to administer.

Primary cognitive outcome measures

The above measures were collapsed into four global outcome factors casubtfactors
derived from the battery by factor analysis, as previously edil{gennedyet al.,2000,
2001; Wesnest al.,1997,1999, 2000).

Quality of memoryderived by combining thpercentage accuracy scores (adjusted for
proportions of novel and new stimuli where appropriate) from all ofvtdréing and
secondary memory testspatial working memory, numeric working memory, word
recognition, picture recognition, immediate word teaad delayed word recall (with
adjustments to the total percentage correct for errors on thetVedtéssks). One hundred
percent accuracy across the six tasks would generate a maximum score flG80 o

index.

10
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Examination of the factor pattern sugtgethat this global "quality of memory" factor can
usefully be further divided into two sidlctors: "working memory" and "secondary
memory"

Working memory sufactor: derived by combining the percentage accuracy scores from
the two working memory testsspatial working memory, and numeric working memory.
One hundred percent accuracy across the two tasks would generate a maximuiin score o
200 on this index.

Secondary memory sdlctor: derived by combining the percentage accuracy scores
(adjusted for proptions of novel and new stimuli where appropriate) from all of the
secondary memory testsvord recognition, picture recognition, immediate word recall
and delayed word recall (with adjustments to the total percentage correntors on the
latter twotasks). One hundred percent accuracy across the four tasks would generate a
maximum score of 400 on this index.

Speed of memorgterived by combining the reaction times of the four computerised
memory tasks numeric working memory, spatial memory, delayextd recognition,

and delayed picture recognition (units are summed millisecondsefdotr tasks).

Speed of attentiorderived by combining the reaction times of the three attentional tasks
- simple reaction time, choice reaction time and digit vigilance (units are sdmm
milliseconds for the three tasks).

Accuracy of attentionderived by calculating the combined percentage accuracy across
the choice reaction time and digit vigilance tasks with adjustment && &drms from

the latter test. One hundred percent accuracy across the two tasks wouldegenerat

maximum score of 100.

11
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The contribution of individual task measures to each of these factossirdctors is

illustrated schematically in Fig. 1.

Figure 1 About Here

Subjective Mood M easure

The Bondtader visual analogue scal€Bond and Lader 1974). The 16 visual analogue
scales of Bond.ader were combined as recommended by the authors to form three mood

factors: "alert", "calm" and "content".

Procedure

Participants were approached individyalhd asked if they would help in the validation
of a new cognitive test battery. No mention of aromatherapy or esselstiabgi made.
This deception was carried out in order to avoid the possibility of expeceffects
contaminating the data. Recruént took place one week prior to testing and participants
were randomly and unknowingly allocated to one of the three conditiepgepmint,
lavender or no odour (control). They were then given a time and day o tehattend

the laboratory. Testing téqlace in three different cubicles, and on three different days
of the week (Monday, Wednesday and Friday) to avoid cross contamin&tidours.

On arrival at the lab each participant was once again reminded thate¢heeyhere to
assist in the validation of the new test battery, and to try theiobest the tasks. They
were then asked to complete the mood scale to supposedly assess if thitetzaskls a

mood. Participants were then taken into the cubicle where they complet€DR

12
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battery followel by a second mood scale. Finally they were debriefed regarding the true
nature of the experiment, and any questions answered. If any of tisgopats

commented on the presence of an odour prior to or during the testgigrs the

researcher dismissétdwith responses of the kind: "nothing to do with me" and "don't
know where it came from". No participants indicated at any time hegtfelt the odour

had affected them at all, or that they thought the study was igasg the effect of

odour on pgormance or mood.

Statistics

Scores from the individual task outcome measures were combined tthéofaur global
outcome measure factor scores and the secondary memory and workiogyrfector
scores. These and the individual task outcome measures makirgyfapttrs were
analysed using the statistical package Minitab 12 for Windows. The gnenadysis of
variance (Anova) followed by Tukey pairwise comparisons was gmglto identify
where any differences between the three conditions may hastedexd\nalysis of
subjective mood was made in a similar manner on the pre to pogj eiffienence
scores, reflecting any changes in mood state due to exposheeamtnas and/or as a

result of completing the assessment battery.

Results
The analysesfdhe individual task outcome measures that make up the factors are
presented in table 1. The results described here will concentrate omtheygrognitive

outcome measures described above.

13
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Table 1 about here

Quality of memory factor

An independent gups Anova revealed a significant difference between groups, F(2,141)
=6.21; p = 0.003. Tukey pebbc comparisons identified that the peppermint condition
(mean = 381.91) scored significantly higher than both the yéantg condition (mean =
336.08), p<0.01, and the control condition (mean = 351.1), p<0.05, (Fig. @ajhé&f

significant differences were found.

Secondary memory sub-factor

An independent groups Anova revealed a significant difference eetgreups, F(2,141)
= 3.90; p = 0.022. Tukey pbhoc comparisons identified that the peppermint condition
(mean = 204.69) scored significantly higher than the yldagg condition (mean =

174.27), p<0.05, (Fig. 2b.). No other significant differences were found.

Working memory sub-factor

An independst groups Anova revealed a significant difference between groups, B(2,141
= 3.84; p = 0.024. Tukey pebbc comparisons identified that the peppermint condition
(mean = 177.23) scored significantly higher than the yldagg condition (mean =

161.81), p<0.05, (Fig. 2c.). No other significant differences were found.

Speed of memory factor

14
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An independent groups Anova revealed a significant difference eetgreups, F(2,141)
=6.08; p = 0.003. Tukey pebbc comparisons identified that the control conditio
(mean = 3152.1 msec) was significantly quicker than the y#ngg condition (mean =

3785.7 msec), p<0.01, (Fig. 2d.). No other significant differences were found.

Speed of attention factor

An independent groups Anova revealed a significant differbat@een groups, F(2,141)
= 4.45; p = 0.013. Tukey pebbc comparisons identified that the peppermint condition
(mean = 1006.0 msec) was significantly quicker than the yéamg condition (mean =

1078.9 msec), p<0.05, (Fig. 2e.). No other significarfeddhces were found.

Accuracy of attention factor
An independent groups Anova revealed no significant differencegéptgroups,

F(2,141) = 2.79; p = 0.065.

Figure 2 about here

Subj ective mood measures

Analysis of the preest ratings indicated no diffences to exist between the three
conditions on any of the mood variables prior to the experimentabseslertness,
F(2,141) = 1.11; p = 0.33Contentednes$;(2,141) = 0.48; p = 0.62Calmness,
F(2,141) = 0.39; p = 0.678. Subsequent analyses comparetégiostinus preest

change in mood scores.

15
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Alertness

An independent groups Anova revealed a significant differencesebbgttween groups,
F(2,141) = 3.33; p = 0.039. Tukey pdsic comparisons identified that the peppermint
condition produced a small increase in alertness (mean change = Onp&red to a
decrease in the ylangang condition (mean change 6.93), p<0.05, when participants

had completed the test battery, (Fig. 3a.). No other significaetreliftes were found.

Calmness

An independent groups Anova revealed a significant difference existed bajwoeps,
F(2,141) = 5.49; p = 0.005. Tukey pdsic comparisons identified that the ylaylgng
condition produced an increase in calmness (mean change = 1.92) comparecréased
for both the control condition, (mean chang&:87) p<0.01, and the peppermint
condition (mean changé.47) p<0.05, when participants had completed the test battery,

(Fig. 3b.). No other significant differences were found.

Contentedness

An independent groups Anova revealed no significant differencegéptgroups,

F(2,141) = 0.1.46; p = 0.236.

Figure 3 about here

Discussion

16
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The results of this study clearly support the contention that tineasrof essential oils

can modulate mood and cognitive penfiance in healthy adult volunteers. Furthermore,
the effects observed somewhat reflect the properties historicallyusttito the aromas

of these essential oils. Ylatydang is widely regarded as possessing sedative and
calmative properties (Tissera@93), and is commonly found in products aimed at
aiding relaxation. Such a proposition was supported by the increasdénmess’

reported here by participants in the ylaylgng condition compared to those in both the
control and peppermint conditian3 he possible stimulating effect of peppermint aroma
was only partially supported. A significant difference in thetadésss mood dimension
was isolated between the two aroma conditions, with peppermint procdusmgl
increase and ylanglang a decrease. However, although the control condition also
reduced alertness, when compared to peppermint the difference did noeggciite r
significance (p=0.06)No effectwas foundon the contentedness dimension, although an

increase might have been hypothesised for either or both aromas.

This pattern of subjective mood results was broadly reflected inféetebn the factors
derived from the assessment of cognitive performance across the thrgemresnd\n
aroma that increases alertness may be expected to enhance cognitive peefoantin
one that increases calmness to impamlibeit not universally eg Field et al (2005)
Peppermint produced a significant improvement in overall qudlibtygeamory, compared
to both controhnd ylangylang conditions.This factor derives from the accuracy scores

from all the tasks of long term and working memory and the impnewé versus controls

17
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only existed when all these tasks were considered together in tlis fdfdhe secondary
(long term) and working memosubfactors are considered separately, peppermint was
only found to be significantly enhance performance when comparedrgyang.

These differences appear to be a reflection of the combination of the enhanaade
impairing properties of the twa@mas respectively. Interestingly, the improvement in
accuracy of memory for peppermint was not at the cost of speed. Theo$pesahory
factor indicated that ylanglang slowed reaction times significantly compared to

controls. Peppermint however, produced no significant changesifatitor.

The factors derived from the tests of attention revealed a similar pattesults. For
the speed of attention factor, ylaplgang produced the slowest reaction times,
significantly so when compared to pepmint that produced the quickest. No significant

differences were revealed between the conditions for the accuracy of atteotax

Peppermint has also been demonstrated to enhance performance on aphygieal
exercise tasks (Raudenbush et al., 2001). The authors propose thizictseaed due to

the aroma producing a change in (an unidentified dimension of) nmabcbasequently

in the level of motivation of the participants. Although, a $matease in alertness was
recorded for peppermint aroma in the current study, this was ndicaghicompared to
controls. It is therefore unlikely that the recorded improvememteimory performance
was due to changes in mood or motivation. In addition, if motivég@hbeen

responsible it migt have been expected to impact upon those tasks with a low cognitive

load i.e. reaction times. The data reveal that this was not the case, witfmificant

18
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differences existing between the peppermint and control condibomstiier the speed of

attention or speed of memory factors.

If the influence of the aromas of essential oils on cognitionti@rconsequence of
changes in mood related to characteristics of the aroma itself, thepraatake needs to
be considered. A direct pharmacologiaefion would require the absorption of volatile
compounds into the blood and their subsequent activity at a neurgehlAlthough the
level of active compounds that may be absorbed from an ambient aromgtiine

lungs and nasal mucosa is low whempared to other modes of administration,
monoterpene componentsrobemaryhave been detected in the blood of rodents
exposed to the vapours of this essential oil (Jiraatital. 1990, 1992; Kovaet al.1987).

An attractive aspect of a pharmacological mechanism for the affect chsumm

cognition is the concept of substarsgecificity. Such a concept would fit neatly
alongside the results reported here, with each aroma delivering a unicgra phitt
influence on the cognitive factors described. In support of the phamggzallinfluence

of plantbased compounds research has provided evidence that is pertinent heret Wake
al. (2000)demonstrated that sage and melissa possessed neuropharmacologisal activ
Specifically, on the nicotinic and musgac acetylcholine systems in homogenate
preparations of human cortical cell membran€sere is of course a long established link
between the cholinergic system and memory, and it may be the casthéngtlants such
as peppermint and rosemary alsesgesses such activitsuch a possibility remains to

be investigated further at a neurochemical level.

19
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Recent work with animals also supports the proposal that volagigenic plant
constituents can have direct pharmacological effects on behavibphysiology.
Compounds that emanate from the leaves of certain deciduous trees secbadshave
been collectively termed 'green odour' and this has been shown to atstresgenduced
activation of the hypothalampituitary-adrenal (HPA) axis in rafg\kutsu at al., 2002).
Such activation results in persistent hyperthermia which isfisgntly diminished by

inhalation of green odour.

An interesting comparison can be made to the results of the currentsthhdse
reported by Moss et al., (200@garding the effects of rosemary and lavender aromas on
the same cognitive and mood assessments. Lavender aroma was fawadice p
decrements in performance on secondary memory, speed of memopgeadd$
attention compared to controls. In contrasemary only significantly enhanced
secondary memory performance. With regard to mood rosemary increaseessl
compared to lavender and controls, and lavender and rosemary betsettr
contentedness compared to controls. These effects bearsieslto, but importantly
also distinct differences to the patterns observed here. SucigBnglipport the
contention that each essential oil may possess it's own idiosgratiern of influence.
This would be consistent with the aroma therapist'w and may be a result of the

proportions and structure of the constituent volatile compounds.

Indeed from the data presented here and evidence from elsewisexams plausible that

the effects observed in studies of the aromas of essentialayilbe aresult of a

20
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combination of pharmacological, cognitive and emotional effethe area is still ripe

for further investigation.
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Table and Figure L egends

Table 1. Effects of peppermint and ylahdang essential oils on individual taskitoome
measures from the CDR battery. The units are number of correctly retatedfor the
word recall tasks, milliseconds for the reaction times. The senhgitidices are
calculated using the ngmarametric signal theory index (SI) presented by ared

Colliver (1973). * = p<0.05.

Figure 1. Schematic representation of the CDR battery showing (from lefgho) ri
running order of tasks, individual task outcome measures and the cbomposthe four
factors derived by factor analysis. Arrows iratie that a task outcome measure
contributes to the given factor "Speed of Attention", "Accuracitténtion”, "Quality of
Memory" or "Speed of Memory". Dotted lines indicate contributo both "Quality of
Memory" and to either "Working Memory*-.{) or "Secondary

Memory" (---), respectively.

Figure 2. Effects of peppermint and ylanydang on the cognitive factors derived from
the CDR test battery: a) "Quality of Memory", b) "Secondary Memory"\Working
Memory", d) "Speed of Memory", and e) "Speedtention” (see text for details).
Figures depict mean values. Error bars represent standard deviatiop<0.05; ** =

p<0.01.

Figure 3. Effects of peppermint and ylanydang on change in sethted mood as
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measured using the Botcder Visual Analogu&calesa) "Alertness" and b)
"Calmness". Figures depict mean change ({best minus préest ratings) such that a
positive change represents an increase on that dimension over the i@st Eess bars

represent standard deviations. * = p<0.05; 1<0.01.
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Table 1

OUTCOME 1) Control 2) Pepper mint 3) Ylang-Ylang Significant
VARIABLE Meanz s.d. Meant s.d. Meant s.d. Comparisons
Immediate Word | 5.62+ 2.09 6.10+ 2.41 5.30+1.91 2 vs. 3*
Recall Correct

Immediate Word | 0.51+ 0.38 0.54+0.71 0.48+0.55

Recall Errors

Simple Reaction | 248.29+ 33.78 248.17+ 44.26 270.21+ 39.56 1vs 3% 2vs 3*
Time

Number Vigilance| 94.86+ 7.56 96.94+ 6.59 92.10+ 10.53 2vs 3*
Accuracy

Number Vigilance| 1.14+ 0.77 1.00+1.22 1.54+1.57

False Alarms

Number Vigilance| 380.26+ 32.63 367.72+ 41.88 394.92+ 48.03 2 vs 3*
Readion Time

Choice Reaction | 398.86+ 53.14 390.11+ 61.02 411.62+ 63.71

Time

Spatial Memory | 0.91+0.10 0.91+0.10 0.85+ 0.27

Sensitivity Index

Spatial Memory | 888.9+ 248.0 904.8+ 424.1 1060.1+ 492.4

Reaction Time

Numerical

Working Memory | 0.83+0.11 0.87+0.12 0.85+0.14

Sensitivity Index

Numerical

Working Memory | 710.5+ 140.1 728.4+ 202.5 807.6+ 293.9

Reaction Time

Delayed Word 3.67+2.03 4.28+ 2.80 3.21+2.70

Recall Correct

Delayed Word 0.42+0.77 0.52+1.05 0.69+ 0.97

Recall Errors

Word Recognition 0.58+ 0.11 0.66+0.23 0.60+0.31

Sensitivity Index

Word Recognition| 769.4+ 212.7 883.6+ 394.5 905.6+ 257.3 lvs 3*
Reaction Time

Picture

Recognition 0.63+0.24 0.69+0.19 0.62+0.16

Sensitivity hdex

Picture

Recognition 845.7+ 183.6 914.7+ 235.0 970.8+ 233.0 lvs 3*

Reaction Time
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