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Brain and odor: 1. Alteration of human 
EEG by odor administration 

TYLER S. LORIG and GARY E. SCHW ARTZ 
Yale Uniuersity, New Hauen, Connecticut 

Two experiments examined the relationship between time domain patterns of EEG activity 
and self-reports for individuals exposed to different odorants. In the first experiment, spiced ap
pIe, eucalyptus, and lavender odors were evaluated. The three odorants produced consistently 
different patterns of EEG theta activity and self-reports. These results suggest that odor adminis
tration is a reliable variable in manipulating neurophysiological response systems and may be 
influential in affecting human performance and mood. In order to assess the sensitivity of EEG 
in the delineation of odor effects, a second experiment was conducted. EEG activity was recorded 
while subjects smelled five similar commercial odorous chemicals and an unscented base. Sub
jects completed questionnaires on odor character and mood following each presentation. Results 
of the experiment indicated little perceptual or mood difference produced by the odors. EEG al
pha and theta activity in the left and right hemispheres, however, differed widely depending upon 
the odor presented and was dissociated from self-report. These results suggest the sensitivity of 
EEG techniques in odor experiments and indicate that the perceptual component of olfaction ac
counts for only a limited part ofthe central nervous system changes produced by smelling an odor. 

Anecdotalliterature is filled with accounts of odors be
ing used to alter mood, alertness, and sexual arousal 
(Billot & WeHs, 1975; Morris, 1984; Valnet, 1982). 
Although these supposed odor effects should be ap
proached with skepticism, the elose association between 
the olfactory and limbic systems provides a means by 
which many of these effects might be realized. The lim
bic system is, for instance, known to be associated with 
mood alteration, memory, and sexual activity (lsaacson, 
1974). 01factory input is provided to a variety of telen
cephalic structures within the central nervous system 
(CNS) (see CasteHucci, 1985, for review). It foHows from 
the architecture of this system that olfactory stimuli should 
produce widespread activity across the forebrain and that 
some of this activity may be represented in the EEG even 
though much of the olfactory system is subcortical. Sys
tematic studies of odor effects on humans that examine 
limbic activity, such as EEG theta activity, are rare. 

In recent studies, Schwartz, Whitehorn, Hernon, and 
Jones (l986a, 1986b) found that odors altered cardio
vascular and respiratory patterns and self-report differ
ences, indicating that a particular odor, spiced apple 
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(available from International Flavors and Fragrances, 
Union Beach, NJ), was stress reducing and relaxing yet 
did not produce drowsiness. Relaxation effects have been 
associated with EEG patterns of increased alpha activity 
that are especially prevalent across posterior areas of the 
head (Lehrer, Woolfolk, Rooney, McCann, & Carring
ton, 1983; Ray & Cole, 1985). 

Tbe experiments described here used EEG period anal
ysis to assess the effects of odor administration. Period 
analysis is a time domain technique that has proven 
useful in a variety of cognitive and drug studies (Fink, 
1975). Tbe technique quantifies the number ofwaves that 
occur in various EEG frequencies rather than their am
plitude, which is the case with spectral analysis. Com
parisons of period and spectral analyzed data indicate that 
period analysis has greater sensitivity during task perfor
mance (Lorig, 1986), and therefore would seem better 
suited to studies of EEG associated with olfactory 
phenomena. 

EXPERIMENT 1 

Method 
Subjects. Nine subjects (4 males and 5 females) who responded 

to aposted advertisement participated in the experiment. All sub
jects were right-handed and were screened for familial history of 
left-handedness, head injuries, and drug use. They were between 
the ages of 18 and 24 and were paid for their participation. 

Materials and Procedure. The subjects entered the laboratory 
and were told the nature of the experiment and the procedures for 
collection of EEG data. After inforrned consent was obtained, 10-
mm cup-type gold-plated electrodes were affixed at four locations 
(F7, T5, F8, and T6, referenced to Iinked mastoids) using Grass 
electrode cream. Electrode impedance was a1ways below 10 Id} and 
was typically less than 5 kU. EEG was amplified and filtered to 
a 1- to lOOO-Hz bandwidth using Coulboum Instruments biotelem-
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etry arnplifiers interfaced 10 an ffiM Pe compatible data-acquisition 
system (I2-bit resolution, 128-Hz sampling rate). EEG data were 
digitally smoothed off-line to a 2- to 32-Hz bandpass (-3 dB). Ar
tifacts, such as subjects' posturaJ movements and eye movements 
of less than 4 Hz, were excluded from data analysis by the period 
analysis a1gorithm. Artifacts typically constituted less than 5 % of 
subject records. 

The subjects smeUed the contents of four 5-ml vials, presented 
in counterbalanced order. The interstimulus interval was approxi
mately 4 min. Three vials contained the odors spiced apple, eu
calyptus, and lavender prepared in a diethylphthalate (DEP) base. 
Laveoder and eucalyptus are essential oils and were diJuted to 60% 
in DEP. The fourth vial contained only distilIed water. The odors 
were presented 5 cm from the subjects' noses for I min each. The 
room was ventilated du ring the 3 min between odor presentations 
at the experimenters' discretion. The subjects were instructed to 
sit quietly with eyes c10sed and to breathe through their noses dur
ing the odor trials. 

The odor triaIs were embedded in a series of other odor and mental 
tasks, such as mental arithmetic and imagery. A resting baseline 
condition was also included in this experiment. The subjects were 
asked to complete a 17 -item questionnaire assessing patterns of em0-

tion between the odor and imagery/arithmetic trials. The question
naire consisted of IO-point illert scales associated with various 
terms such as "relaxed," "teose," "happy," and "bored. " It also 
contained questions relating to the pleasantness of and memories 
associated with the odors . 

Resuits and Discussion 
Raw EEG data were period analyzed (Lorig, 1986), and 

the amounts of activity in the alpha (8-13 Hz) and theta 
(4-7 Hz) ranges were extracted for each of three 100sec 
epochs that occurred at the beginning, middle, and end 
ofthe l-min trial. Because the sampie size in this experi
ment feU below the criterion stated by Vasey and Thayer 
(1987) (N = k + 20), Greenhouse-Geisser adjusted 
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repeated rneasures analyses of variance were used to pro
vide adequate protection against sphericity. 

Results of the analysis of variance for theta activity 
(odor X epoch X hemisphere X anterior/posterior) in
dicated a significant difference in the amount of EEG theta 
activity produced by srneUing the different odorants corn
pared with srneUing the no-fragrance control [F(3,24) = 
5.41, Greenhouse-Geisser corrected p = .013] (see 
Figure 1). These findings replicated extensive pilot test
ing of theta activity associated with these odors. Contrasts 
of the various odor conditions using repeated rneasures 
analysis of variance indicated that the spiced apple odorant 
differed frorn the lavender odorant [F(l,8) = 29.97, 
p = .0006] and tended to differ frorn the eucalyptus 
odorant [F(1,8) = 4.25, P = .073]. 

Although analysis of alpha activity did not indicate a 
significant odorant effect, the no-odor control condition 
seemed to produce Iess alpha activity than the other odors. 
This was also the case in pilot testing and appeared to be 
related to the fact that subjects expected to srneU sorne 
odor. This suggests that this type of condition is an inap
propriate control condition for experiments of this nature. 

Although differences in EEG theta activity may be due 
to differences in the intensity of the odors, one-way 
repeated rneasures analysis of variance of the question
naire data associated with each of these odors indicated 
no differences in their perceived intensity or pleasantness. 
Further analysis of these rating scale data (MicheU, 1986) 
revealed that only 2 of the 15 questionnaire iterns indi
cated differences in self-reports for the odors. These anal
yses indicated that spiced apple and eucalyptus odorants 
were associated with reports of significantly less anxiety 
[F(2,16) = 3.77,p = .045] and lesstension [F(2,16) = 
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Figure 1. Mem amount of theta IlCÖvity for eacb odonmt (spiced apple, eucalyptus, ud 
laveoder) at eacb eIectrode Iocatioo. Enor bIIrs iDdicate standard errors of the meaDS. 



3.62, P = .05] than was the lavender odorant. Theta ac
tivity differences have been associated with emotion- and 
anxiety-provoking stimuli (Ahern & Schwartz, 1985), and 
may account for the self-report differences found with 
lavender odorant. 

These data indicate the salience of odors as neurophysio
logical stimuli, even in cases in which subjects do not 
report hedonic or intensity differences between odors. Be
cause of this salience and the ability to modify limbic sys
tem activity, odors may have application in the alteration 
of mood states in humans. The findings of this experi
ment also indicate that odors may continue to exert CNS 
effects even after initial exposure and suggest that am
bient odor effects may be found. 

EXPERIMENT 2 

Experiment 1 demonstrated that different odors 
produced EEG alterations that were related to subjects' 
self-reports. The odors used in Experiment 1 differed in 
odor quality and were rated by subjects as moderate to 
strong in intensity. Because of the differences in the na
ture of the odors presented in that experiment, it is not 
dear whether the EEG differences found represented fun
damental changes in CNS activity induced by the odorants, 
or changes produced by cognitive/memorial activity as
sociated with the odorants. 

In another experiment on this topic (Lorig & Schwartz, 
1987), EEG was examined while subjects imagined food 
odors. The results of this experiment suggested that the 
decreased theta activity found when subjects smelled a 
spiced apple odorant (first experiment) may have been due 
to the odor's association with food stimuli, since images 
of food were also found to reduce theta activity. Although 
these findings off er some darification of effects found 
with the spiced apple odorant, they do not answer the more 
fundamental question about the nature of neural responses 
to different odors or the ability of EEG techniques to mea
sure such responses. 

To assess the effects of different odors while minimiz
ing their memorial and cognitive differences, it is neces
sary to use perceptually similar odorants. For this rea
son, refmed fme fragrances of similar odor qualities were 
used in the present study. 

Method 
Subjects. Ten subjects (4 males and 6 females) participated. The 

subjects were right-handed and ranged in age from 18 to 56, with 
a mean age of approxirnately 24. They reported no history of head 
injuries and were not taking any medication known to alter EEG. 
All subjects were paid for their participation. 

Materials and Procedure. Materials used in this study were iden
tical to those used in Experiment I, except the fragrances differed. 
Participants were seated comfortably with eyes c10sed while EEG 
data were coUected. Five fine-fragrance odorant trials were presented 
at the end of aseries of cognitive and other odor tasks. The fine 
fragrances used in the study, provided by International Flavors and 
Fragrances (Union Beach, NI), consisted of five floral note per
fumes prepared in an unscented detergent base (Ll-L5). One trial 
consisted of the detergent base only (base). All six sampIes were 
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diluted 10 a 5 % solution in distilled water. The odorant sampIes 
were presented to the subjects in 5-rnl vials placed 5 cm from their 
noses. Data were collected in three lO-sec epochs at the beginning, 
middle, and end of a I-min period for each fragrance. The order 
of presentation of the fragrances was counterbalanced. Question
naires concemed with odor character and mood were administered 
at the end of each trial. Following completion of the experiment, 
the subjects were debriefed and paid. 

Results and DiscussioD 
Period analysis of the EEG reduced the data to a histo

gram of the number of waves of various frequencies that 
occurred during each of the three 10-sec data collection 
epochs for each task. The number of waves correspond
ing to the alpha (8-13 Hz) and theta (4-7 Hz) frequency 
ranges were extracted and the five odorants compared us
ing a repeated measures analysis of variance (odor x 
epoch x hemisphere X anterior/posterior), corrected for 
sphericity. The baseline condition was not induded in the 
analysis because it represented a trial in which odor in
formation was markedly different from trials with the 
other fragrances and thus would have artificially biased 
the omnibus F test. The difficulties in establishing a 
representative control condition in odor experiments of 
this type are discussed in Experiment 1. 

Results of the repeated measures analysis indicated that 
alpha activity was marginally greater in posteriorly placed 
electrodes [F(1,9) = 4.93, p = .053] and increased in 
those locations over time [F(2, 18) = 6.30, Greenhouse
Geisser adjusted p = .013], as would be expected from 
previous research (Adrian & Mathews, 1934; Lorig, 
1986). The five odor conditions were also found to 
produce differences in the amount of alpha activity over 
the left and right hemispheres, which differed over time 
[F(8,72) = 3.04, Greenhouse-Geisser adjusted 
p = .032]. 

Analysis of theta activity indicated similar differences. 
The five odors produced differing patterns ofhemispheric 
activity over the three epochs of data collection [F(8,32) 
= 2.84, Greenhouse-Geisser adjusted p = .040; see 
Figure 2]. As is evident in Figure 2, most ofthe odorants 
produced a pattern of greater left hemisphere theta ac
tivity during epoch 1. Hemispheric activity tended to be
come more equal for all odorants except JA during 
epoch 2. In epoch 3, JA reversed its pattern and L2 be
came more assymetrical. This finding is interesting since 
subjective responses to L2 and JA fragrances were very 
sirnilar. 

Repeated measures analyses of the self-report data 
(MichelI, 1986) obtained following exposure to each odor 
indicated that of the 15 items exarnined, only perceived 
intensity differed among the odors [F(4,32) = 5.28, 
p = .002]. L2 was judged to have the greatest intensity, 
and L5 was reported least intense. It is unlikely that the 
self-report scale used was insensitive to the experimental 
manipulations since our previous research with this scale 
has produced reliable differences. 

The results of this and the previous experiment indi
cate that odors affect CNS activity and, in particular, EEG 
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Figure 2. Hemisphere distribution (left electrode pair minus right electrode pair) of theta ac
tivity across three epocbs for each odorant. 

theta activity. This alteration of activity may mediate 
changes in subjective mood states. Findings from the 
present investigation, however, indicate that even odors 
of high perceptual similarity can produce very different 
patterns of neurophysiological activity. These findings 
suggest that perceptual phenomena associated with odors 
are only a small part of the overall picture of CNS ac
tivity that accompanies the inhalation of odorous air. 
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