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Abstract A number of recent studies use body odor
samples to study how odor affects various human social
interactions. However, the methods used vary considerably,
and only limited attention has been paid to the validity of
the particular approaches adopted. One of the crucial points
in body odor sampling is its length. Here we report the
results of a study that tested the effects of using two
different sampling periods, namely 12 and 24 h, on
subsequent odor perception. Our results show significantly
higher ratings of pleasantness and attractiveness, and lower
ratings of intensity and masculinity, for the 12-h sampling
condition. Further analysis of the data distribution suggests
higher skew and a potential floor effect in hedonic ratings
derived from the 24-h condition. These data imply that
sampling length has a significant impact on perceived body
odor quality and should thus be considered when designing
studies in this area and in interpretation of results across
studies.
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Introduction
Body odor has recently attracted much attention from
researchers as it plays a significant role in various social
interactions and mate choice, in particular (for recent
reviews, see Grammer et al. 2005; Havlicek and Roberts
2009; Havlicek et al. 2010; Lenochova and Havlicek 2008).
In spite of this interest, surprisingly little attention has been
paid to the validity of methods used in this field. Protocols
for collection of body odors usually specify, in various
ways, the following: restrictions on body odor donors,
medium used for sampling, length of sampling, and length
and temperature of sample storage. All of these might affect
the outcome of the study. The body odor samples in adult
individuals are mostly collected from the armpit (axilla) as
its concentration of hair and secretory skin glands create a
rich source of distinctive odor, which is thought to have
evolved for communication purposes (Comfort 1971).
Armpit odor is a result of metabolic activity of axillary
microflora which mostly consists of coryneform bacteria,
Propionibacterium, Staphylococus, Micrococcacae, and
eukaryotic Malasezia (Leyden et al. 1981; Rennie et al.
1991; Taylor et al. 2003; Wilson 2005). Their products
include various branched and unbranched fatty acids,
particularly 3-hydroxy-3-methylhexanoic acid, sulfurcontaining alkanols, cholesterol, 16-androstenes (primarily
5a-androstenone, 5a-androstenol, and androstadienone),
and numerous other compounds (Gautschi et al. 2007;
James et al. 2004; Natsch et al. 2004, 2006; Zeng et al.
1991, 1996). Penn et al. (2007) using stir-bar sorptive
extraction estimated number of axillary compounds over
4,000 and 373 markers showed consistency over several
samplings. The substrate for axillary microflora is mostly
produced by secretion from abundant apocrine glands;
however, this has only slight odoriferous quality, and
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characteristic axillary odor develops only after bacterial
activity (Shelley et al. 1953).
These facts have several important consequences for
researchers. Studies on human perception of axillary body
odor mostly capture odor from odor donors on either cotton
pads (e.g., Havlicek et al. 2005, 2006; Roberts et al. 2005;
Ferdenzi et al. 2009) or T-shirts (e.g., Wedekind et al. 1995;
Wedekind and Furi 1997; Jacob et al. 2002; Roberts et al.
2008). However, these media catch not only the odoriferous
chemicals but also axillary microflora, meaning that the
samples can undergo further metabolic action, with resulting change in odor quality, even after samples have been
collected. For this reason, fresh samples can be used for
ratings only for a restricted period. To avoid this limitation,
samples may be frozen to limit bacterial activity and other
changes in chemical composition of the samples. Two
independent studies have shown that this procedure preserves
the samples' perceptive quality quite well (Lenochova et al.
2008; Roberts et al. 2008).
Another consequence of bacterial activity on odor
samples is that the length of sampling could affect the
quality of the collected samples. Sampling length varies
highly in previous studies, ranging from 13 min (Chen and
Haviland-Jones 2000) up to 7 nights (Hold and Schleidt
1977) (see Table 1 for details). However, studies typically
sample odor over either 24 h (e.g., Ferdenzi et al. 2009;
Havlicek et al. 2006; Lenochova et al. 2008) or two
consecutive nights (e.g., Sergeant et al. 2007; Thornhill and
Gangestad 1999; Wedekind et al. 1995). Is there any
rationale for this? Our answer is no, as to date there has
been no agreement or methodological investigation determining the optimal length of sampling, even though this
could have significant impact on study results. To fill this
methodological gap, we carried out a simple experiment in
which we compared the quality of samples collected from
the same individuals over different periods of time (12 and
24 h). We chose the 24-h sampling period because several
of our previous studies used this period (e.g., Havlicek et al.
2005, 2006; Lenochova et al. 2008), and we chose the 12h period because, in the aforementioned studies, there were
some indications of an over-representation of the ratings on
the lower (for hedonic ratings) or upper end (for intensity)
of the rating scales. We expected that a shorter sampling
period might avoid these problems.

Material and Methods
Participants
All participants, students at the University of Vienna, were
recruited via posters, handouts given out during lectures, or
personally by PL. They were not reimbursed financially,
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but they received a 150 g chocolate bar and a perfume tester
in return for their time and potential inconvenience.
Odor Donors
Seven men, aged 23 to 32 (mean, 25.9 years), mean body
weight 71.3 (range, 60–87 kg) and body height 180.9
(range, 165–202 cm), participated as body odor donors.
None of them smoked, reported any serious disease, or
shaved their armpits.
Raters
The odor samples were rated by 25 women aged 19 to 32
(mean, 23.9 years). Eleven of them used hormonal contraception. Cycle length reported by non-users varied between
23 to 31 days. To control for a potential effect of hormonal
contraception (HC) use on odor perception (see Roberts et al.
2008), we included this binary variable into the analysis.
However, we did not find significant effects of HC on any of
the rated variables (e.g., pleasantness) or an interaction with
tested conditions (i.e., 12/24 h). We also checked for a
confounding effect of tobacco-smoking among raters. Seven
raters reported being smokers, but analyses including
smoking as a binary variable did not reveal significant
effects of smoking on any of the rated variables or
interaction with length of sampling. We therefore present
results without these two potential confounding variables.
Odor Sampling Procedure
The donors were sent all experimental instructions via Email several days before the experiment, and if needed,
ambiguities were discussed individually. They were also
given a pack of experimental materials (a white cotton Tshirt, a bar of non-perfumed soap, two cotton pads, surgical
tape, and two zip-lock plastic bags). Sterilized cotton pads
packed in aluminium foil with an oblong tape attached to
the pad (tape, 11×15 cm; pad, 10.5×6 cm) were used as the
sampling media. The donors were asked to follow a
schedule of dietary and behavioral restrictions on the day
prior to the sampling and during the sampling day. They
were instructed to refrain from (1) using perfumes, deodorants, antiperspirants, aftershaves, and shower gels; (2)
eating meals containing garlic, onion, chilli, pepper,
vinegar, blue cheese, cabbage, radish, fermented milk
products, and marinated fish, (3) drinking alcoholic
beverages or using other drugs, and (4) smoking. Additionally, they were asked to avoid strenuous physical
activities, sexual intercourse, or sleeping in the same bed
with their partner or pet during this time.
On the evening before sampling, the donors used a nonperfumed soap (Sara Lee Household and Body Care,
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Table 1 Summary of studies using axillary samples as stimuli
Authors

Sampling length

Medium

Experimental task

Odor donors

Chen and Haviland-Jones 2000
Albrecht et al. 2011
Chen et al. 2006
Mujica-Parodi et al. 2009
Zernecke et al. 2010
Zhou and Chen 2009
Platek et al. 2001
Adolph et al. 2010

13
20
20
20
20
20
30
60

Gauze pads
Cellulose pads
Rayon-polyester pads
Cotton pads
Cotton pads
Rayon-polyester pads
Gauze pads
Cotton pads

Recognition
Emotion/hedonic ratings
Reaction time/hedonic ratings
Discrimination/hedonic ratings
Detection/localization
Emotion perception
Recognition/hedonic ratings
Hedonic ratings

14 F/11 M
13 M
3 F/4 M
52 F/92 M
20 M
8M
18 M/32 F
6M

Prehn-Kristensen et al. 2009;
Pause et al. 2009
Ackerl et al. 2002
Haegler et al. 2010
Prehn et al. 2006
Rantala et al. 2006
Doty et al. 1978
Cernoch and Porter 1985

60 min

Cotton pads

Hedonic ratings

21 F/28 M

70 min
75 min
90 min
5h
8h
8h

Cellulose pads
Cotton pads
Cotton pads
T-shirts
Gauze pads
Gauze pads

Recognition/hedonic ratings
Risk game
Hedonic ratings
Hedonic ratings
Hedonic ratings
Head orientation

42 F
21 M
12 M
19 M
5 F/5 M
118 F/60Ma

Roberts et al. 2005
Roberts et al. 2011
Ferdenzi et al. 2009
Havlicek et al. 2005

8h
8–10 h
24 h
24 h

Cotton
Cotton
Cotton
Cotton

Recognition
Hedonic ratings
Hedonic ratings
Hedonic ratings

32
20
38
48

Havlicek et al. 2006
Havlicek and Lenochova 2006
Lenochova et al. 2008
Kohoutova et al. forthcoming
Lenochova et al. forthcoming
Russell 1976
Gangestad and Thornhill 1998
Jacob et al. 2002
Kuukasjarvi et al. 2004
Roberts et al. 2008
Sergeant et al. 2007
Thornhill and Gangestad 1999
Thornhill et al. 2003
Wedekind and Furi 1997
Wedekind et al. 1995
Wedekind et al. 2006
Weisfeld et al. 2003

24 h
24 h
24 h
24 h
24/12 h
24 h
2 nights
2 nights
2 nights
2 nights
2 nights
2 nights
2 nights
2 nights
2 nights
2 nights
2/3 nights

Cotton pads
Cotton pads
Cotton pads
Cotton pads
Cotton pads
T-shirts
T-shirts
T-shirts
T-shirts
T-shirts
T-shirts
T-shirts
T-shirts
T-shirts
T-shirts
T-shirts
T-shirts

Hedonic ratings
Hedonic ratings
Hedonic ratings
Hedonic ratings
Hedonic ratings
Recognition
Hedonic ratings
Hedonic ratings
Hedonic ratings
Hedonic ratings
Hedonic ratings
Hedonic ratings
Hedonic ratings
Hedonic ratings
Hedonic ratings
Hedonic ratings
Recognition/hedonic ratings

19 F
17 M
39 M
45 M
7 M/10 M/12Mb
13 F/16 M
42 M
6M
82 M
97 M
20 M
82 F/80 M
100 F/97 M
4 M/2 F
44 M
38 M
55 F/55Mc

Ferdenzi et al. 2010

3 nights

T-shirts

Recognition/hedonic ratings

14 F/20 M

Chen and Haviland-Jones 1999
Dubas et al. 2009
Martins et al. 2005
Olsson et al. 2006
Porter et al. 1985
Porter et al. 1986
Porter and Moore 1981
Rikowski and Grammer 1999
Singh and Bronstad 2001
Mallet and Schaal 1998
Hold and Schleidt 1977

3
3
3
3
3
3
3
3
3
4
7

Gauze pads
T-shirts
Cotton pads
Cotton pads
T-shirts
T-shirts
T-shirts
T-shirts
T-shirts
T-shirts
T-shirts

Hedonic ratings
Recognition/hedonic ratings
Preference test/hedonic ratings
Recognition/hedonic ratings
Recognition
Recognition
Recognition
Hedonic ratings
Hedonic ratings
Recognition/hedonic ratings
Recognition/hedonic ratings

10 F/10 M; 5 G/5B
99 G+B
12 F/12 M
26 F/11 M
15 F/15B+G; 12 F/12 M
40 F+M
16 G/8B; 13 G/7B
19 F/16 M
19 F
9 G/9B
24 F/24 M

min
min
min
min
min
min
min
min

days
nights
days
nights
nights
nights
nights
nights
nights
nights
nights

pads
pads
pads
pads

F
M
M
M
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Table 1 (continued)
Authors

Sampling length

Medium

Experimental task

Odor donors

Lundstrom and Jones-Gotman 2009
Schleidt 1980
Schleidt et al. 1981

7 nights
7 nights
7 nights

T-shirts
T-shirts
T-shirts

Identification
Recognition/hedonic ratings
Recognition/hedonic ratings

20 F/40 M
25 F/25 M
71 F/71 M

It shows authors of the studies, sampling length, sample collection medium, experimental task (i.e., what were odor raters requested to do), odor
donors’ sex, and sample size. Note that studies on infants are not included
F indicates women, M indicates men, G indicates prepubertal girls, B indicates prepubertal boys
a

It is not clear from the methods whether different samples were used across individual studies described in the paper

b

12-h condition applies to study 3 with 12 M donors

c

Number of child odor donors is not clear from the methods

Stockholm, Sweden) and put on a new white 100% cotton
T-shirt, previously washed twice without washing powder
as the first layer of their clothes. They were asked to wear
this T-shirt for the night and the following day to avoid
odor contamination from other clothes and environment,
while following an experimental protocol and restrictions
used in previous studies (Havlicek and Lenochova 2006;
Kohoutova et al. forthcoming; Lenochova et al. 2008).
The next day, at noon, the donors washed both their
armpits with the non-perfumed soap. Subsequently, they
fixed a cotton pad into one armpit and put on the T-shirt
again. The side of armpit was randomly assigned to avoid
possible side differences (Ferdenzi et al. 2009). Later, at
midnight, the donors washed the second axilla with the
non-perfumed soap and applied the second cotton pad,
while keeping the first pad on. This procedure and schedule
approximately balanced the length of the active and
sleeping phase in both types of samples. Consequently,
we received the 12- and 24-h samples from each donor at
noon on the following day. The pads were stored in ziplock plastic bags and labelled to distinguish the samples
worn in the left and right armpits. The donors’ conformity
with the instructions was checked by a questionnaire. No
serious violations occurred: One donor reported having a
small amount of onion, and another one had a little pepper
on the day before sampling.
Odor Rating Procedure
The rating session started within an hour after collection of
the samples (1 PM) and continued until 8 PM. It is possible
that bacterial action may continue to influence odor during
rating sessions and that this effect could be different for the
12- and 24-h samples. In other words, the amount of
bacteria collected during 24-h period could be higher
compared with 12-h and in turn may affect the rate of
change in the perception of the samples. To check for this
possibility, we compared (using two sample t tests) mean

ratings performed in between 1 and 4 PM (18 raters) and 4
and 8 PM (seven raters). We found no significant differences
(all P>0.22) between early (1–4 PM) and later (4–8 PM)
ratings in any of the rated variables (e.g., pleasantness),
either in the 12- or the 24-h conditions. All 14 fresh
samples (seven from the left and seven from the right
armpits) were enclosed in clean 200-ml lidded plastic
sniffing bottles and labelled by a letter code. The ratings
took place in a relatively large and quiet ventilated lecture
room. The samples were randomly split into two sets. After
sniffing half of the samples, the raters were recommended
to have, at least, a 10-min break to avoid possible odor
habituation. During the break, they were asked to complete
an additional questionnaire. Order of sets and order of
stimuli within a set was randomized for each rater.
The stimuli were assessed on seven-point scales for their
(1) pleasantness, (2) attractiveness, (3) masculinity, and (4)
intensity. Both ends of each scale were anchored by verbal
descriptions (e.g., very unpleasant and very pleasant). The
ratings were written down immediately after sniffing each
stimulus, but the time spent sniffing was not restricted. In
the event that the raters found any of the samples too weak,
they were instructed to select “I cannot smell the sample”
instead of using the scales. Fourteen raters judged at least
one sample (range, 1–6 samples) as too weak, and nine
samples were rated as too weak at least once (range, 1–7).
In total, 31 ratings were considered to weak to rate
accurately (in five of these, samples in the 12- and 24h conditions were marked as too weak), resulting in
exclusion of 26 rating pairs (14.9%). Thus, the main
analysis is based on 149 rating pairs out of 175 (i.e., seven
pairs of samples collected from the same individual and
assessed by 25 raters).
Statistical Analysis
To assess the effect of length of sampling on perceived
body odor quality, we computed the mean odor ratings for
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each rater, for both of the tested conditions. The mean
values were subsequently compared using paired t tests. To
analyze data distribution, we used a Kolmogorov–Smirnov
test to check normality distribution. The statistical package
Statistica 7.1 was used for all testing.

Correlational analysis of the individual data showed a
highly significant positive correlation between attractiveness and pleasantness, and a negative correlation
with masculinity and intensity, in both conditions
(Table 3).

Results

Discussion

First, we found significantly higher ratings of attractiveness
(t(24) =4.6; P<0.001), pleasantness (t(24) =4.8; P<0.001) and
lower ratings of masculinity (t(24) =4.3; P=0.002) and
intensity (t(24) =6.3; P<0.001) in the 12-h samples (Fig. 1).
Kolmogorov–Smirnov test on distribution fitting with
mean values for each rater as unit of the analysis did not
show significant deviation from normality in either variable. In contrast, all variables showed highly significant
deviation from normality when individual ratings were
analyzed. Visual inspection of the histograms with individual ratings (Figs. 2 and 3) and skewness values (Table 2)
clearly suggests more positive skewness of the hedonic
ratings collected under 24-h conditions (i.e., ratings of
pleasantness, attractiveness, concentrated on the lower side
of the scales) and more negative skewness of the
masculinity and intensity ratings.
To test whether the number of samples for which odor
was too weak to be perceived varies across the conditions,
we used a Chi-square test. Participants indicated they could
not detect the odor in 23 ratings in the 12-h condition and
in eight ratings in the 24-h condition. This difference is
highly significant (χ2 =7.8; P=0.005).

In our study, we found higher scores of perceived
pleasantness and attractiveness in samples collected for 12
compared with 24-h samples. On the other hand, ratings of
intensity and masculinity were higher for the longer
sampling period. More importantly, we found that data
distribution is more skewed (i.e., ratings of pleasantness
and attractiveness concentrated at the lower end of the
scales, and ratings of masculinity and intensity concentrated
at the higher end of the scale) in the 24-h condition for all
variables tested. As in the majority of previous studies, we
also found hedonic ratings (i.e., pleasantness and attractiveness) being negatively related to ratings of intensity
(Doty et al. 1978; Havlicek et al. 2006).
The differences across the two sampling conditions
clearly indicate that the length of sampling is a significant
factor in studies of body odor perception and that it should
be kept constant, at least within individual studies. Across
studies, the length of sampling to date has been highly
disparate (see Table 1). These studies vary not only in the
phenomenon they explore, ranging from kin recognition to
MHC preferences but also in the experimental protocol.
Some of them employ a recognition paradigm (e.g., of the

Fig. 1 Mean ratings (±SE) of
pleasantness and intensity in 12(empty bars) and 24h samplings (striped bars)
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Fig. 2 Histograms of individual
ratings of attractiveness (above)
and pleasantness (below) in 12(left) and 24-h (right) sampling
conditions

kin or emotion) while others rely on hedonic ratings (e.g.,
attractiveness). There does not seem to be any rationale
behind this highly variable pattern apart from the fact that
many scholars simply repeated the procedure employed by
the Wedekind et al. (1995) highly influential study.
Fig. 3 Histograms of individual
ratings of masculinity (above)
and intensity (below) in 12h (left) and 24-h (right) sampling conditions

Our analysis of data distribution found an approximately
normal distribution in all variables when mean values of
individual raters were used but significant deviation from
normality when we used individual ratings. This should not
be surprising because the variability is strongly reduced by
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including values of skewness of
individual variables in 12- and
24-h conditions
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Variable

N

Mean

Min

Max

SD

Pleasantness 12 h
Pleasantness 24 h
Attractiveness 12 h
Attractiveness 24 h
Masculinity 12 h
Masculinity 24 h
Intensity 12 h
Intensity 24 h

25
25
25
25
25
25
25
25

3.103
2.478
3.168
2.562
4.623
5.087
3.566
4.527

1.000
1.143
1.000
1.000
3.000
3.571
1.286
1.143

5.286
5.286
5.143
4.429
6.200
6.286
6.600
6.800

1.019
1.006
1.030
0.926
0.831
0.780
1.185
1.247

computing a composite score. Furthermore, our seven-point
scale is only a rough approximation to a variable which in
reality is expected to be normally distributed. We think that
simple visual inspection of the data distribution has much
higher informative value in this respect. It suggests higher
skewness of the hedonic ratings in the 24-h condition, with
low values being over-represented. This may thus result in
a floor effect, that is, a situation where a majority of
participants return the lowest possible values (here, very
unpleasant/unattractive), and the data do not reflect true
underlying variability. This can in turn obscure the
probability of finding the effect tested by a particular study
and thus increases the chance of type II error. The lower
hedonic ratings in the 24-h condition can be attributed to
the activity of bacterial microflora which converts fresh and
odorless apocrine secretion into odorous breakdown products. It is currently not clear whether perceptible differences
are due to the amount of chemicals produced (generally
higher concentrations are perceived as less pleasant) or by
subsequent changes in chemical composition. This can be a
consequence of further bacterial activity on some of the
chemical compounds or of spontaneous oxidative processes, or both. Also, we did not extract cotton oils from the
sterilized cotton pads before sampling. It is thus possible
that contamination of odor samples by bacterial breakdown
product of the cotton oils has occurred. However, in both
conditions, we found no significant differences between
ratings performed early and later in the session. This

Table 3 Correlation coefficients between rated variables in
12 and 24 h sampling conditions

Sampling conditions

Values in brackets show number
of ratings. All correlations are
significant at P<0.001. Individual ratings served as unit of the
analysis

0.073
1.089
0.006
0.373
−0.127
−0.165
0.437
−0.789

SE Skewness
0.464
0.464
0.464
0.464
0.464
0.464
0.464
0.464

suggests that the differences in the two conditions might
be due to changes in chemical composition of the axillary
compounds occurring and prevailing during the collection
period. The stability of the ratings after the samples are
obtained from the body is supported by the study of Singh
and Bronstad (2001) who let their raters re-evaluate the
odor samples (collected over the menstrual cycle) which
were left for a week at room temperature, producing similar
results as during the original rating session.
On the other hand, the use of the 12-h sampling period
may result in a higher number of samples which are too
weak to be perceived. Indeed, samples from the shorter
sampling period accounted for the majority of belowthreshold ratings (23 out of 31 non-detectable samples).
This accounts for 13.1% and 4.6% of all samples in the 12and 24-h sampling periods, respectively. It should be noted,
however, that our results are based on adult male axillary
odors collected on cotton pads; collection of odor samples
from women or prepubertal children who on average have
weaker axillary odors (e.g., Chen and Haviland-Jones
1999) could require a different time period. Similarly, odors
collected under some specific conditions (e.g., anxiety
(Albrecht et al. 2011) or extensive physical activity (Prehn
et al. 2006)) could be sampled over a shorter time as they
are typically more intense. Furthermore, cotton pads
attached directly to the armpit would in general require a
shorter collection time as compared with the T-shirt
paradigm where contact with the armpit is relatively loose.

12 h
Pleasantness

24 h
Pleasantness
Attractiveness
Masculinity
Intensity

Skewness

0.84 (165)
−0.38 (165)
−0.63 (165)

Attractiveness

Masculinity

Intensity

0.91 (152)

−0.40 (152)
−0.35 (153)

−0.55 (151)
−0.54 (152)
0.44 (152)

−0.28 (166)
−0.55 (166)

0.47 (166)
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This, in summary, suggests that one may not expect one
ideal length of sampling useful across a broad range of odor
studies. However, the optimal sampling length under
different paradigms should be carefully considered (e.g.,
by performing a pilot study).

Conclusions
The results of our study suggest that the length of sampling
affects hedonic ratings of odor samples. Specifically,
samples collected over 12 h were rated as more pleasant
and attractive than those collected over 24 h and were
judged as less masculine and intense. Further inspection of
the data distribution indicates over-representation of low
values in pleasantness ratings of 24-h samples. Our results
demonstrate that the precise methodology employed in
future odor studies should take account of a trade-off
between the shape of the distribution of odor ratings and the
proportion of samples that are too weak to be detected. In
our view, the significant advantage of avoiding floor/ceiling
effects in the dataset overrides the disadvantage of a
relatively small number of samples falling below some
raters’ detection thresholds.
Acknowledgments We would like to thank all the volunteers for
their participation, Jindra Havlíčková for proof-reading, and two
anonymous reviewers for constructive comments on the previous
versions of the manuscript. The study was supported by Grant Agency
of Charles University (GAUK 55108/2008), Grant Agency of Czech
Republic (GACR P407/10/1303), and Czech Ministry of Education
grant 0021620843.

References
Ackerl K, Atzmueller M, Grammer K (2002) The scent of fear.
Neuroendocrinol Let 23:79–84
Adolph D, Schlosser S, Hawighorst M, Pause BM (2010)
Chemosensory signals of competition increase the skin
conductance response in humans. Physiol Behav 101:666–
671.
Albrecht J, Demmel M, Schopf V, Kleemann AM, Kopietz R, May J,
Schreder T, Zernecke R, Bruckmann H, Wiesmann M (2011)
Smelling chemosensory signals of males in anxious versus
nonanxious condition increases state anxiety of female subjects.
Chem Senses 36:19–27
Cernoch JM, Porter RH (1985) Recognition of maternal axillary odors
by infants. Child Dev 56:1593–1598
Chen D, Haviland-Jones J (1999) Rapid mood change and human
odors. Physiol Behav 68:241–250
Chen D, Haviland-Jones J (2000) Human olfactory communication of
emotion. Percept Motor Skill 91:771–781
Chen D, Katdare A, Lucas N (2006) Chemosignals of fear
enhance cognitive performance in humans. Chem Senses
31:415–423.
Comfort A (1971) Likelihood of human pheromones. Nature
230:432–433

193
Doty RL, Orndorff MM, Leyden J, Kligman A (1978) Communication of gender from human axillary odors: relationship to
perceived intensity and hedonicity. Behav Biol 23:373–380
Dubas JS, Heijkoop M, van Aken MAG (2009) A preliminary
investigation of parent-progeny olfactory recognition and parental investment. Hum Nature-Int Bios 20:80–92.
Ferdenzi C, Schaal B, Roberts SC (2009) Human axillary odor: Are there
side-related perceptual differences? Chem Senses 34:565–571
Ferdenzi C, Schaal B, Roberts SC (2010) Family scents: developmental changes in the perception of kin body odor? J Chem Ecol
36:847–854
Gangestad SW, Thornhill R (1998) Menstrual cycle variation in
women's preferences for the scent of symmetrical men. Proc R
Soc B 265:927–933
Gautschi M, Natsch A, Schroder F (2007) Biochemistry of human axilla
malodor and chemistry of deodorant ingredients. Chimia 61:27–32
Grammer K, Fink B, Neave N (2005) Human pheromones and sexual
attraction. Eur J Obstet Gyn R B 118:135–142
Haegler K, Zernecke R, Kleemann AM, Albrecht J, Pollatos O,
Bruckmann H, Wiesmann M (2010) No fear no risk! Human risk
behavior is affected by chemosensory anxiety signals. Neuropsychologia 483:3901–3908
Havlicek J, Lenochova P (2006) The effect of meat consumption on
body odour attractiveness. Chem Senses 31:747–752
Havlicek J, Roberts SC (2009) MHC-correlated mate choice in
humans: a review. Psychoneuroendocrino 34:497–512
Havlicek J, Roberts SC, Flegr J (2005) Women’s preference for
dominant male odour: effects of menstrual cycle and relationship
status. Biol Letters 1:256–259
Havlicek J, Bartos L, Dvorakova R, Flegr J (2006) Non-advertised
does not mean concealed. Body odour changes across the human
menstrual cycle. Ethology 112:81–90
Havlicek J, Murray AK, Saxton TK, Roberts SC (2010) Current issues
in the study of androstenes in human chemosignalling. In:
Litwack G (ed) Pheromones, Vitamins & Hormones 83.
Academic, London, pp 47–81
Hold B, Schleidt M (1977) The importance of human odor in
nonverbal communication. Z Tierpsychol 43:225–238.
Jacob S, McClintock MK, Zelano B, Ober C (2002) Paternally
inherited HLA alleles are associated with women's choice of
male odor. Nat Genet 30:175–179
James AG, Hyliands D, Johnston H (2004) Generation of volatile fatty
acids by axillary bacteria. Int J Cosmetic Sci 26:149–156
Kohoutova D, Rubesova A, Havlicek J (forthcoming) Shaving of
axillary hair has relatively minor impact on perceived body odor
pleasantness. Behav Ecol Sociobiol
Kuukasjarvi S, Eriksson CJP, Koskela E, Mappes T, Nissinen K,
Rantala MJ (2004) Attractiveness of women's body odors over
the menstrual cycle: the role of oral contraceptives and receiver
sex. Behav Ecol 15:579–584
Lenochova P, Havlicek J (2008) Human body odour individuality. In:
Hurst JL, Beynon RJ, Roberts SC, Wyatt TD (eds) Chemical
signals in vertebrates. Springer, New York, pp 189–198
Lenochova P, Roberts SC, Havlicek J (2008) Methods of human
body odor sampling: the effect of freezing. Chem Senses
34:127–138
Lenochová P, Vohnoutová P, Roberts SC, Oberzaucher E, Grammer
K., Havlíček J (forthcoming) Psychology of fragrance use:
perception of individual odor and perfume blends reveals a
mechanism for idiosyncratic fragrance choice. PLoS One
Leyden JJ, McGinley KJ, Holzle E, Labows JN, Kligman AM (1981)
The microbiology of the human axilla and its relationship to
axillary odor. J Invest Dermatol 77:413–416
Lundstrom JN, Jones-Gotman M (2009) Romantic love modulates
women’s identification of men’s body odors. Horm Behav
55:280–284.

Author's personal copy
194
Mallet P, Schaal B (1998) Rating and recognition of peers' personal
odors by 9-year-old children: an exploratory study. J Gen Psychol
125:47–64
Martins Y, Preti G, Crabtree CR, Vainius AA, Wysocki CJ (2005)
Preference for human body odors is influenced by gender and
sexual orientation. Psychol Sci 16:694–701
Mujica-Parodi LR, Strey HH, Frederick B, Savoy R, Cox D, Botanov
Y, Tolkunov D, Rubin D, Weber J (2009) Chemosensory cues to
conspecific emotional stress activate amygdala in humans. PLoS
One 4:e6415
Natsch A, Schmid J, Flachsmann F (2004) Identification of
odoriferous sulfanylalkanols in human axilla secretions and
their formation through cleavage of cysteine precursors by a
C-S lyase isolated from axilla bacteria. Chem Biodivers
1:1058–1072
Natsch A, Derrer S, Flachsmann F, Schmid J (2006) A broad diversity
of volatile carboxylic acids, released by a bacterial aminoacylase
from axilla secretions, as candidate molecules for the determination of human-body odor type. Chem Biodivers 3:1–20
Olsson SB, Barnard J, Turri L (2006) Olfaction and identification of
unrelated individuals: examination of the mysteries of human
odor recognition. J Chem Ecol 32:1635–1645
Pause BM, Adolph D, Prehn-Kristensen A, and Ferstl R. 2009. Startle
response potentiation to chemosensory anxiety signals in socially
anxious individuals. Int J Psychophysiol 74:88–92.
Penn DJ, Oberzaucher E, Grammer K, Fischer G, Soini HA, Wiesler
D, Novotny MV, Dixon SJ, Xu Y, Brereton RG (2007) Individual
and gender fingerprints in human body odour. J Roy Soc
Interface 4:331–340
Platek SM, Burch RL, Gallup GG (2001) Sex differences in olfactory
self-recognition. Physiol Behav 73:635–640
Porter RH, Moore JD (1981) Human kin recognition by olfactory
cues. Physiol Behav 27:493–495
Porter RH, Cernoch JM, Balogh RD (1985) Odor signatures and kin
recognition. Physiol Behav 34:445–448
Porter RH, Balogh RD, Cernoch JM, Franchi C (1986) Recognition of
kin through characteristic body odors. Chem Senses 11:389–395
Prehn A, Ohrt A, Sojka B, Ferstl R, Pause BM (2006) Chemosensory
anxiety signals augment the startle reflex in humans. Neurosci
Lett 394:127–130
Prehn-Kristensen A, Wiesner C, Bergmann TO, Wolff S, Jansen O,
Mehdorn HM, Ferstl R, Pause BM (2009) Induction of empathy
by the smell of anxiety. PLoS One 4:e5987
Rantala MJ, Enksson CJP, Vainikka A, Kortet R (2006) Male steroid
hormones and female preference for male body odor. Evol Hum
Behav 27:259–269
Rennie PJ, Gower DB, Holland KT (1991) In vitro and in vivo studies
of human axillary odor and the cutaneous microflora. Brit J
Dermatol 124:596–602
Rikowski A, Grammer K (1999) Human body odour, symmetry and
attractiveness. Proc R Soc B 266:869–874
Roberts SC, Gosling LM, Spector TD, Miller P, Penn DJ, Petrie M
(2005) Body odor similarity in non-cohabiting twins. Chem
Senses 30:651–656

Chem. Percept. (2011) 4:186–194
Roberts SC, Gosling LM, Carter V, Petrie M (2008) MHC-correlated
odour preferences in humans and the use of oral contraceptives.
Proc R Soc B 275:2715–2722
Roberts SC, Kralevich A, Ferdenzi C, Saxton TK, Jones BC,
DeBruine LM, Little AC, Havlicek J (2011) Body odor quality
predicts behavioral attractiveness in humans. Arch Sex Behav.
doi:10.1007/s10508-011-9803-8
Russell MJ (1976) Human olfactory communication. Nature 260:520–522
Schleidt M (1980) Personal odor and nonverbal-communication. Ethol
Sociobiol 1:225–231.
Schleidt M, Hold B, Attili G (1981) A cross-cultural study on the
attitude towards personal odors. J Chem Ecol 7:19–31
Sergeant MJT, Dickins TE, Davies MNO, Griffiths MD (2007)
Women's hedonic ratings of body odor of heterosexual and
homosexual men. Arch Sex Behav 36:395–401
Shelley WB, Hurley HJ Jr, Nichols AC (1953) Axillary odor:
experimental study of the role of bacteria, apocrine sweat, and
deodorants. Arch Derm Syph 68:430–446
Singh D, Bronstad PM (2001) Female body odour is a potential cue to
ovulation. Proc R Soc B 268:797–801
Taylor D, Daulby A, Grimshaw S, James G, Mercer J, Vaziri S (2003)
Characterisation of the microflora of the human axilla. Internat J
Cosmet Sci 25:137–145
Thornhill R, Gangestad SW (1999) The scent of symmetry: a human sex
pheromone that signals fitness? Evol Hum Behav 20:175–201
Thornhill R, Gangestad SW, Miller R, Scheyd G, McCollough JK,
Franklin M (2003) Major histocompatibility complex genes,
symmetry, and body scent attractiveness in men and women.
Behav Ecol 14:668–678
Wedekind C, Furi S (1997) Body odour preferences in men and
women: do they aim for specific MHC combinations or simply
heterozygosity? Proc R Soc B 264:1471–1479
Wedekind C, Seebeck T, Bettens F, Paepke AJ (1995) MHC-dependent
mate preference in humans. Proc R Soc B 260:245–249
Wedekind C, Seebeck T, Bettens F, Paepke AJ (2006) The intensity of
human body odors and the MHC: should we expect a link? Evol
Psychol 4:85–94
Weisfeld GE, Czilli T, Phillips KA, Gall JA, Lichtman CM (2003)
Possible olfaction-based mechanisms in human kin recognition
and inbreeding avoidance. J Exp Child Psychol 85:279–295
Wilson M (2005) Microbial inhabitants of humans. Cambridge
University, Cambridge
Zeng XN, Leyden JJ, Lawley HJ, Sawano K, Nohara I, Preti G (1991)
Analysis of characteristic odors from human male axillae. J
Chem Ecol 17:1469–1492
Zeng XN, Leyden JJ, Spielman AI, Preti G (1996) Analysis of
characteristic human female axillary odors: qualitative comparison to males. J Chem Ecol 22:237–257
Zernecke R, Kleemann AM, Haegler K, Albrecht J, Vollmer B, Linn J,
Bruckmann H, Wiesmann M (2010) Chemosensory properties of
human sweat. Chem Senses 35:101–108
Zhou W, Chen D (2009) Fear-related chemosignals modulate
recognition of fear in ambiguous facial expressions. Psychol Sci
20:177–183

