Changes in the Intensity and Pleasantness of Human

Vaginal Odors During the Menstrual Cycle

Abstract. Men and women estimated (by the method of magnitude estimation) the
pleasantness and intensity of the odors of vaginal secretions sampled from consecutive
phases of 15 ovulatory menstrual cycles of four women. On the average, secretions from
preovulatory and ovulatory phases were slightly weaker and less unpleasant in odor than
those from menstrual, early luteal, and late luteal phases. However, considerable varia-
tion in odor patterns was present across cycles from the same donor, as well as across cy-
cles from different donors. These results indicate that human vaginal odors change slight-
ly in both pleasantness and intensity during the menstrual cycle, but do not support the
notion that such odors are particularly attractive to humans in an in vitro test situation.

Considerable speculation has appeared
in scientific journals on the question of
whether odors of biological secretions in-
fluence, consciously or unconsciously, re-
productive processes and behaviors of man
(7). In many nonhuman mammals, odors
communicate sexual receptivity, gender,
and dominance status; they also influence
estrous synchronization, reproductive ma-
turation, and implantation (2). Direct evi-
dence of similar influences of chemical
stimuli on human reproductive processes is
not available, although several areas of re-
search have been interpreted by some au-
thors as lending credence to such a possi-
bility. These include (i) suggestions by psy-
choanalytic theorists that odors play a role
in early psychosexual development, (ii)
findings that many sex steroids and their
metabolites have odors detectable to hu-
mans, and (iii) reports that vaginal odors
of some primates communicate informa-

6r
) 5F \{ {/}
4 Intensity
& 0f---mmmm e e e
g Pleasantness
= t
PN
VT e
1 2 3 4 5

Menstrual cycle phase

Fig. 1. Mean magnitude estimates of intensity
and pleasantness of odors of human vaginal se-
cretions that were sampled from consecutive
phases of the menstrual cycle. Vertical bars in-
dicate standard errors of the mean. Each data
point represents an average of 256 cases. The
majority of the pleasantness estimates fall on
the unpleasant side of the neutral zero point.
Phases are designated as: 1, menstrual; 2, pre-
ovulatory; 3, ovulatory; 4, early luteal; 5, late lu-
teal (see text for details).
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tion about their estrous state (3). We
present evidence that the odors of human
vaginal secretions vary in both intensity
and pleasantness across the stages of the
menstrual cycle.

Vaginal secretions were sampled every
other day, excluding weekends, from four
women donors for a total of 23 menstrual
cycles (4). Secretions were collected on
weighed sterile tampons that were inserted
in the evening before retiring and removed
the next morning. The tampons were re-
weighed immediately after removal, sealed
in glass jars, and frozen at -60°C until psy-
chophysical testing. On the basis of daily
basal body temperature (BBT) charts, only
15 of the 23 cycles were judged unequivo-
cally ovulatory and thus used for sub-
sequent analysis (9).

Tampons from a cycle of a given donor
were thawed to room temperature before
testing and placed in separate 100-ml glass
jars that were covered on the outside by
aluminum foil. Two layers of sterile gauze
were taped over the jar openings and the
bottles were sealed with caps lined with
Teflon when not in use (6).

A total of 37 men and 41 women served
as observers in this study, with 13 to 20
evaluating each cycle (7). Testing took
place in a large air-conditioned room with
relatively rapid air turnover. During a test
session, the stimulus bottles that contained
the secretions from an entire cycle of a giv-
en donor were presented to each observer
randomly at 30-second intervals. During a
trial, an experimenter opened a bottle and
held it beneath an observer’s nose for ap-
proximately 5 seconds. The observer could
use any convenient sniffing strategy during
this time, but was asked to sniff in a con-
sistent fashion from trial to trial. The
method of magnitude estimation with no
designated modulus was used to evaluate
the intensity (I) and pleasantness (P) of the
secretions (8). With this procedure, each
observer compared, in separate I and P
test sessions, the relative I and P of the
odors from the different cycle days by as-
signing numbers in ratio proportion to the
[ and P. For example, in an [ test session, a

sample that was perceived to be twice as
strong as another was assigned twice as
large a number. One that was perceived to
be one-tenth as strong as another was as-
signed a number one-tenth as large, and so
on. In the P test sessions, zero was used to
designate neutral hedonicity, and + and -
numbers were assigned in ratio proportion
to the relative pleasantness and unpleas-
antness of the odors. At least 10 minutes
were interspersed between test sessions,
and only one I and P judgment was made
by each observer for each stimulus (9).
Each observer’s magnitude estimates
were averaged into five values that corre-
sponded to the phases of the menstrual
cycle from which the stimulus secretions
were sampled (10). The day of ovulation,
estimated from the BBT chart, was estab-
lished as the midpoint of the ovulatory
phase (phase 3). Two days on each side of
this midpoint were included in this phase,
thus making it 5 days long. The menstrual
phase (phase 1) included those days during
which menstrual bleeding occurred. The
preovulatory phase (phase 2) encompassed
the days between the menstrual and ovula-
tory phases, whereas the early luteal and
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Fig. 2. Mean magnitude estimates of pleas-
antness of odors of human vaginal secretions
that were sampled from consecutive phases of
15 menstrual cycles of four donors. First
cycle, o—o; second cycle, a---a; third cycle,
a----0; fourth cycle, &—<.
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late luteal phases (phases 4 and 5) made up
the first and second halves of the period
from the end of the ovulatory phase to the
beginning of the next menses.

Analyses of variance to evaluate the ef-
fects of cycle phase, cycle, and sex of the
observer were performed separately on the
I and P estimates (/). Odors from differ-
ent phases of the menstrual cycle differed
in both P and I (Fig. 1; respective F’s =
10.11 and 6.10; d.f. = 4/922; P < .001)
(12). A strong and inverse correlation
across the cycle phases (Pearson r = -.97,
P < .001) was seen between P and I. On
the average, female observers gave larger I
and smaller P estimates than did male ob-
servers (F’s = 8.23 and 7.33; d.f. = 1/226;
P < .005), although it is not clear whether
this was due to a difference in perception
or in the choice of moduli (13). The P esti-
mates for the cycles differed (F = 3.35;
d.f. = 14/226; P < .001), as did the pat-
terns of the P and I estimates across the
cycle phases (F’s = 4.35 and 5.83; d.f. =
56/903, P < .001).

Although the secretion odors were, on
the average, slightly less unpleasant in the
preovulatory and ovulatory phases (Fig. 1),
considerable variation in individual cycles
was the rule (Fig. 2). Thus, while all but 1
of the 15 cycles had their least unpleasant
or next to least unpleasant odor during ei-
ther phase 2 or phase 3, only one had both
the least unpleasant and next to least un-
pleasant odor during these two times. Con-
sideration of the proportion of variance ac-
counted for by the variables suggests that
emphasis should be placed on the hetero-
geneity of the individual cycle patterns
(14, 15).

More than 30 compounds, most of
which bear odors, have been identified in
human vaginal secretions (/6). However, it
is not known what chemicals are respon-
sible for vaginal odors. Human vaginal se-
cretions probably consist of a number of
components, including (i) vulvar secretions
from sebaceous, sweat, and Bartholin’s
and Skene’s glands, (ii) mucus from the
cervix, (iii) endometrial and oviductal
fluids, (iv) transudate through the vaginal
walls, and (v) exfoliated cells of the vaginal
mucosa (I7). Any or all of these com-
ponents may produce and/or provide sub-
strates for bacterial production of volatiles.
The identification of lactic acid and 3-hy-
droxy-2-butanone, as well as C, to C; ali-
phatic acids, suggests the presence of vola-
tiles produced by microbal action (/6, 18).

The heterogeneity of our data suggests
that it is unlikely that humans can use vag-
inal odors reliably to determine the general
time of ovulation. Whether vaginal odors
influence human sexual behaviors is not
known. Our data do not support the no-
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tion, however, that vaginal secretion odors
sampled during the ovulatory phase of
women are particularly pleasant to human
males in an in vitro test. Whether the ab-
sence of such pleasantness in our out-of-
context test situation is the result of cultur-
al or learning factors (such as lack of coital
contact between the observers and donors)
or is due to man’s comparatively undevel-
oped olfactory system or his lack of a func-
tioning vomeronasal organ is not known
(19).
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Locus of Short-Term Visual Storage

Abstract. A rod monochromat can preserve visual information in iconic memory even
when the initial stimulus is invisible to the subject. Since the initial invisibility is due to
rod saturation, it can be shown that all the information must have been stored inside the
photoreceptors. Because the spectral sensitivity for producing icons in normal subjects is
that of the rods, the conclusion is that in normal subjects, under ordinary viewing condi-
tions, the photoreceptors are the primary store for iconic memory.

After a brief exposure to an array of let-
ters, a subject cannot usually report all the
letters that he thinks he saw. This sub-
jective phenomenon was demonstrated ob-
jectively in the classic study of Sperling (1),
who compared complete and partial re-
ports made by subjects. The complete re-
port consisted of all the letters a subject
could report from a 50-msec presentation
of, for example, two rows of letters. In the
partial report only sampled half the in-
formation available to the subject, the
letter presentation. If the tone was of high
frequency, the subject had to report only
the letters in the top row. If the tone was of
low frequency, the subject only reported
the letters in the bottom row. Since the
partial report only sampled half of the in-
formation available to the subject, the
number of letters available is twice the
number given in the partial report. This ex-
periment demonstrated that there were
more letters available for short delays than
were recalled in a complete report.

This result led to the notion of a short-
term visual store (STVS), also called icon-
ic memory (2), which decays rapidly.
Sperling tentatively identified the STVS
with the persistence of sensation that fol-
lows the stimulus. This persistence, or visu-
al image, is usually called an icon (2, 3).
Various theories have suggested that
STVS, or the icon, is located partly in the
retina but also at the level of feature ex-
traction or at other more cognitive levels.
The data reported here demonstrate that
under typical viewing conditions this
STVS is located primarily in the retina at
the level of the photoreceptors.

In the first experiment, stimuli consisted
of two rows of four letters each, presented
for 50 msec. Each letter was about 2° high
and the pre- and postexposure fields were
dark. The conditions were similar to those
of Sperling except that a Maxwellian view
apparatus was used instead of a tachisto-
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scope. In the complete report condition,
the subject had to report all the letters. In
the partial report condition, the subject re-
ported either the top or the bottom row,
depending upon whether the auditory tone
was of high or low frequency.

Figure | shows a typical result of this ex-
periment, which repeats Sperling’s demon-
stration that for short delays the number of
letters available is greater than the number
that can be given in a complete report (4).
Thus the STVS contains more letters than
can be reported.

The unusual thing about this experiment
is that the subject was a rod monochromat.
She has the usual characteristics of rod
monochromats, including poor acuity,
complete color blindness, and a breakdown
of visual function at high luminance levels.
These characteristics correspond to the

8 —
F.F. (4/4)

6 |—
@
a
y
‘©
>
© 4 -
w
s
@
-

2  —

oL ! ! I

0 1 2 3 Complete
Delay (sec)

Fig. 1. Number of letters available (circles) in
partial report as a function of delay of auditory
tone. The bar indicates the average number of
correctly identified letters in the complete re-
port. The stimulus consisted of two rows of
black letters, four per row, on a white back-
ground field that was about 14° wide by 10° high.
Letter height was about 2° and the letters occu-
pied a visual area about 10° wide by 7° high. The
stimulus was presented for 50 msec and the
delay of the tone was measured from the onset
of the stimulus. A block design was used. Sub-
ject was a rod monochromat.

properties of normal rods. As found for
other rod monochromats, all of her visual
functions tested were the same as rod func-
tions in a normal individual. In particular,
the iconic memory experiments produced
data similar to those obtained for normal
subjects.

In the second experiment on this subject,
an adapting field of about 20° in visual
angle was used in the background. The let-
ters were white and were added onto the
white background. The background field
was set to about 1000 scotopic trolands,
and the letters were again about 2° high
and were displayed for 50 msec. No matter
how bright the letters were made, they
could not be seen by the rod mono-
chromat. She only saw the background
field. However, if she closed her eyes after
the letter presentation, she could see an
icon of the background field and, super-
posed on it, a slightly brighter icon of the
letters. That is, invisible letters produced
ordinary discriminable icons after the rod
monochromat closed her eyes. How is it
possible for an icon to be produced by an
invisible stimulus?

The letters were not seen on the back-
ground because of the phenomenon of rod
saturation, discovered by Aguilar and
Stiles (5) for normal rod vision and later
demionstrated for rod monochromats (6).
That is, the rod system saturates so that it
cannot detect any increments above the
critical intensity of about 1000 scotopic
trolands. This is not due to exliaustion of
the photopigment, since saturation occurs
when only an infinitesimal amount of pig-
ment has been used. The phenomenon of
rod saturation is not noticed by normal
subjects, because cones are operating when
the rods become saturated. A rod mono-
chromat, lacking cone function, cannot see
any increments above the background
when the rods are saturated, and, in partic-
ular, cannot see the letters in the experi-
ment described. The background lumi-
nance used to demonstrate rod saturation
is about the level of that in most tachisto-
scopes.

Although the rod monochromat had her
rod system saturated and could not see the
letters when they were presented, when she
closed her eyes she did see the icon of the
letters superposed on the icon of the back-
ground. Since the letters were eventually
discriminable, the information about the
letters must have been stored before (pe-
ripheral to) the first stage in the visual sys-
tem that saturates. It could not be stored
after the first stage that saturates because
once saturation occurs, no discrimination
is possible. The first stage that saturates
produces identical signals from the back-
ground area and the area that received let-
ters plus background. Therefore, all the in-
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