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MELA, D. I., R. D. MATTES, S. TANIMURA AND M. R. GARCIA-MEDINA. Relationships between ingestion
and gustatory perception of caffeine. PHARMACOL BIOCHEM BEHAV 43(2) 513-521, 1992.—We observed that taste
detection thresholds for caffeine (CAF) are elevated in habitual CAF users relative to nonusers. A series of experiments were
carried out to explore that relationship and assess the influences of salivary CAF and acute vs. chronic CAF ingestion. A
significant correlation between CAF ingestion and taste threshold was noted in two studies of U.S. adults, although this was
not observed in a parallel study involving an Argentinean population. Acute CAF ingestion (5.5 mg/kg) had no appreciable
effect on taste thresholds. Threshold values greatly exceeded even peak salivary CAF levels, indicating that classical taste
adaptation was an unlikely influence. Chronic CAF ingestion (450 mg/day for 3 weeks) also had no consistent effect on taste
thresholds for CAF or other taste stimuli. Although a number of explanations are considered, we suggest that the sensory
phenomenon may reflect preexisting differences between CAF users and nonusers or perhaps an effect of exposure to other
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bitter and/or CAF-containing foods and beverages.

Caffeine Gustation Saliva Humans

Coffee

Taste thresholds Taste sensitivity

IT has been proposed that functionally significant relation-
ships exist between salivary constituents and gustatory percep-
tion of selected compounds (2,25,29). The preponderance of
evidence indicates that there is a relationship between thresh-
olds for NaCl and salivary sodium concentrations, and this
data has been used to account for gustatory adaptation to
salivary sodium. However, exceptions to this relationship have
been noted, and it may only be apparent under certain test
conditions and at extremes of salivary sodium (5,6). Other
mechanisms have also been described through which salivary
components of endogenous and exogenous origin may effect
saliva-taste interactions (5).

Caffeine (CAF) is a commonly consumed bitter stimulus
that reliably appears in saliva shortly after ingestion. Acute or
chronic exposure of the gustatory epithelium via salivary CAF
can therefore be readily manipulated for experimental pur-
poses. Ingested CAF reaches a plasma peak in about 30-60
min and has a half-life of about 4-6 h (3,8,9). Salivary concen-
trations closely parallel plasma levels (8,40). Hence, individu-
als who frequently consume CAF are likely to maintain detect-
able levels of CAF in plasma and saliva at almost all times.
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Pilot studies (see Experiment 1 below) indicated that taste
detection thresholds for CAF differed between habitual CAF
users and nonusers. It was therefore felt that CAF could pres-
ent a useful model compound with which to evaluate novel
interactions of diet and gustatory function.

GENERAL METHODS

Subjects were all healthy, young, adult males and females
recruited by public advertisement and paid for their participa-
tion. Criteria for exclusion included use of any form of to-
bacco and current health disorders or use of medications re-
ported to alter taste or smell. For experiments involving CAF
ingestion, subjects were also excluded if they reported extreme
reactions to CAF or any condition where CAF ingestion is
contraindicated. Subjects were instructed to refrain from
chewing gum, brushing their teeth, or consuming anything
except water for at least 2 h preceding sensory testing. In some
experiments, there were also specific restrictions against CAF
consumption for stipulated time periods prior to testing.
While many subjects had previous experience in other sensory
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evaluation experiments, all were naive as to the purpose of
these studies. With the exception of Experiment 2B, all testing
was conducted at the Monell Chemical Senses Center. The
experiments were approved by the University of Pennsylvania
Committee on Studies Involving Human Beings, and partici-
pants completed an informed consent document prior to any
testing.

Whole-mouth-stimulated saliva was collected for 3 consec-
utive min while subjects chewed on an unflavored gum base
at a metered rate of 80 chews/min. Collection commenced
after subjects expectorated following a 1-min “practice” trial.
Subjects sat quietly and expectorated into a preweighed funnel
and test tube at the end of each minute. Resting saliva was
collected in a similar manner except subjects sat completely
still with their mouths slightly open and simply allowed saliva
to drain continuously into the funnel. Flow rates were deter-
mined by weight. In experiments where salivary caffeine con-
centrations were determined, the extractions and analyses
were achieved by the method of Hartley et al. (15) as described
by Mela (27).

Taste testing in all sessions began by asking the subject
to rinse several times with deionized water. All samples for
threshold and suprathreshold testing consisted of approxi-
mately 10 ml solution at room temperature, which subjects
were instructed to sip, evaluate, and expectorate. No stimuli
were swallowed at any point in the experiments, and deionized
water was used for rinsing between samples. All subjects were
tested for thiourea taste sensitivity using the method described
by Mela (28). No significant effect of this trait was observed
in any study so the data are not presented.

Statistical analyses were carried out using the SPSS/PC +
software package (SPSS Inc., Chicago, IL). Descriptive data
are reported as mean + SD except as noted. Comparisons are
based upon the studentized #-tests or full-factorial analysis of
variance (ANOVA) with the criteria for statistical significance
set at p < 0.05.

EXPERIMENT 1

An initial study was conducted to assess whether CAF taste
thresholds differed between CAF users and nonusers.

METHOD

Subjects were 13 females and 11 males, aged 28.6 + 7.7
years. They were questioned on habitual CAF ingestion and
selected for the study based upon level of CAF use as calcu-
lated from published tables and manufacturers’ data. “Users”
were considered to be those who consumed 400 mg or more
CAF per day, while nonuse was operationally defined as con-
sumption of less than 70 mg (the approximate CAF content
of one cup of tea) per day. Prospective participants were
screened until there were 12 subjects in each group. Nonusers
(eight females, four males) reported a mean CAF consump-
tion of 4 mg/day. Ten of the nonusers reported a habitual
intake of under 10 mg/day. Users (five females, seven males)
reported a mean intake of 423 mg/day.

CAF taste detection thresholds and salivary flow were de-
termined in each of two sessions conducted on separate days,
with a 1-day hiatus. Threshold testing solutions consisted of
CAF in deionized water at concentrations ranging from 7.9
X 107 to 3.155 x 107° M by 1/5 log dilution steps. The
taste threshold evaluation procedure was a single ascending
triangle test, starting with the lowest CAF concentration. Sub-
jects were given three cups, one containing CAF and 2 con-
taining water; their task was to identify the odd sample based
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upon taste. The sample concentration was increased following
any single incorrect response. Once a correct identification
was made, the same concentration was presented a second
time. It was presented a third time if the preceding two identi-
fications were correct. The threshold level was defined as the
concentration correctly identified in three consecutive presen-
tations. Subjects rinsed once between cups and twice between
trials. The geometric mean of the two separate threshold de-
terminations was used in data analyses.

RESULTS

CAF taste detection thresholds ranged from 0.16-1.99
mM, and the threshold measurements made on the two sepa-
rate dates were positively correlated (r = 0.45, p = 0.01).
There was a large, statistically significant difference in CAF
taste detection threshold between the user (1.17 + 0.50 mM)
and nonuser (0.5188 + 0.236 mM) groups as shown in Fig. 1,
#(23) = —3.90, p = 0.001. There was also a low but statisti-
cally significant positive correlation between caffeine intake
and thresholds (r = 0.41, p = 0.025). Salivary flow rates
were found to be unrelated to CAF use or thresholds, and
taste thresholds were not significantly related to sex or interac-
tions of sex and caffeine intake.

EXPERIMENT 2A

Before exploring possible mechanisms for the findings of
Experiment 1, a second experiment was conducted to replicate
the findings with improved control over subject variables and
reduce the possible influences of recent CAF ingestion. In
addition, observations were extended to suprathreshold taste
stimuli.

METHOD

Eleven males and 11 females, with a mean age of 24.2 +
4.5 years, half CAF users and half nonusers (as defined in
Experiment 1), were recruited after responding to an extensive
questionnaire eliciting information on habitual use of caffein-
ated foods, beverages, and drugs. Because the actual CAF
content of a “cup” of coffee and tea can vary widely with
actual serving size, brand, and preparation methods (35), sub-
jects specified these on the questionnaire. Nonusers (seven
females, four males) reported a mean CAF consumption of
11 mg/day. Users (four females, seven males) reported a mean
intake of 275 mg/day. The protocol was similar to Experiment
1 except: a) Subjects were to abstain from CAF use from a
time at least 24 h before the first session through the end of
the second session; b) both resting and stimulated saliva were
collected and analyzed for CAF; and c) the sensory testing
included a suprathreshold time-intensity rating procedure.

In addition to threshold testing, five CAF solutions ranging
from 3.155 x 1072 t0 7.9 x 107* M by 1/5 log steps were
used in a time-intensity procedure. To standardize mouth
movement, subjects ingested a piece of unflavored gum base
with each stimulus solution. After 3 s, the solution alone was
expectorated and taste assessments were made as subjects
chewed at a metered rate of 80 chews/min. Ratings were as-
signed by turning the knob on a strip chart recorder moving
at 2.0 cm/min. The instrument was calibrated to allow the
pen to deviate along a 200-mm path marked on the recorder
at 0 (“no taste”), 100 (“moderate”), and 200 mm (“extremely
strong”). Paper covered the output immediately beyond the
pen so subjects could not see prior ratings. Each trial con-
tinued for 3 min or until a stable 0 reading was reached.
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FIG. 1. CAF taste detection thresholds of habitual CAF users and nonusers in Experiment 1.

Measurements included maximum intensity, time to reach
maximum intensity, time from maximum intensity to return
to 0 (or minimum intensity), total time of perception, and
total area under the curve (determined by cutting and weigh-
ing). Time-intensity data were collected from 17 subjects (9
users, 8 nonusers).

RESULTS

As in Experiment 1, mean individual CAF detection thresh-
olds were positively correlated with habitual CAF intake in
the total sample (Fig. 2; r = 0.53, p = 0.006). When only
CAF users were considered in the computation, the correla-
tion between thresholds and intake was even stronger (Fig.
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FIG. 2. Relationship between CAF taste detection thresholds and
habitual CAF consumption of CAF users (@) and nonusers (O) in
Experiment 2A, with first-order regression lines plotted for all sub-
jects (----) and CAF users only (—).

2; r = 0.79, p = 0.002). However, in this experiment mean
thresholds did not differ between groups. In addition, while
habitual dietary CAF intake was positively correlated with
thresholds determined at both test sessions thresholds at the
two time points were not significantly correlated with each
other. Despite the request to abstain from CAF ingestion,
salivary CAF concentrations above 1.0 uM were detected in
eight subjects in the first session and five subjects in the sec-
ond session. While the presence and concentration of CAF in
saliva were unrelated to thresholds, these may have contrib-
uted to the poor correlation between threshold measures taken
at the two time points. Taste thresholds were not significantly
related to sex or interactions of sex and caffeine intake.

Time-intensity variables were analyzed by a 2 x 5 (CAF
intake group X concentration) repeated-measures ANOVA.
There were no significant group or group X concentration
effects on any measure, although there was a trend for CAF
users to reach maximum intensity more slowly than nonusers,
F(1, 15) = 3.72, p = 0.073. There were no consistent correla-
tions of time-intensity measures with CAF intake, thresholds,
or salivary flow or CAF concentrations.

EXPERIMENT 2B

Coincident with the conduct of Experiment 2A, a parallel
experiment was carried out at the Laboratory of Sensory In-
vestigations of The University of Buenos Aires, Argentina.

METHOD

Twenty subjects, mean age 23.2 years, with equal numbers
having CAF consumption of greater than 400 mg/day (5
males, 5 females; mean CAF intake 615 mg/day) and below
100 mg/day (5 males, 5 females; mean CAF intake 74 mg/
day), participated in two test sessions 1 week apart. Subjects
were requested to refrain from CAF ingestion for at least 6 h
prior to each sensory testing session.

CAPF detection thresholds were determined using the meth-
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ods described except the highest CAF solution was 3.155 x
107% M. Subjects also judged the perceived intensity of the
five strongest CAF solutions, as well as quinine sulfate (QS,
1.31 x 107% to 8.17 x 1075 M) and NaCl (1.37-0.085 M)
solutions prepared by serial half dilution. Samples were pre-
sented in random order, and perceived intensity was assessed
using the method of magnitude estimation (36). Using this
method, subjects assign numerical values in proportion to the
intensity of the sensation they perceive, with no fixed external
scale or reference. To place subject ratings on a common scale,
individual normalization factors for CAF and QS were com-
puted as 10 divided by the geometric mean of each subject’s in-
tensity estimates for NaCl (37). The individual intensity data
were then multiplied by this factor and log-transformed prior
to statistical analyses by repeated-measures ANOVA.

RESULTS

Taste thresholds measured in the two sessions were signifi-
cantly correlated (r = 0.53, p = 0.009). However, in contrast
to the results of Experiments 1 and 2A there was no relation-
ship between CAF intake and taste thresholds in this popula-
tion. There were also no significant main or interactive effects
of CAF user group on suprathreshold intensity ratings except
the subjective range (ratio of perceived intensity of highest to
lowest concentration solutions) for QS was greater for CAF
nonusers (Mann-Whitney U-test, p = 0.033).

Experiments 1 and 2A indicate that chronic CAF consump-
tion is associated with increased CAF taste detection thresh-
olds. It is not clear why this was not seen in Experiment 2B.
While the population was of a different ethnic origin, they
were otherwise demographically similar. It is possible that
these subjects may differ in their exposure to bitter com-
pounds or methylxanthines other than CAF. Variations in
dietary exposure to bitter food constituents have been associ-
ated with different sensitivities to and preferences for bitter
compounds across populations (16,30). A genetic basis for
sensitivity to certain bitter compounds, including CAF, has
been suggested in some reports (11,14,34).

EXPERIMENT 3

The preceding experiments did not specifically test the pos-
sible effects of recent CAF consumption. A dosing experiment
was therefore designed to determine whether thresholds would
be specifically modified in response to acute CAF ingestion.

METHOD

Ten males and 2 females (mean age of 28.8 years), with
a mean CAF intake of 190 mg/day, were newly recruited to
participate in this experiment. Subjects were asked to refrain
from CAF use for at least 24 h prior to testing, and compliance
with this request was confirmed by salivary CAF analysis.

The test session began with a resting saliva collection, fol-
lowed by determination of baseline taste detection thresholds
for CAF and NaCl. The methods and CAF concentrations
used for threshold determination were identical to Experi-
ments 1 and 2A except presentations of CAF and NaCl sam-
ples were alternated such that both thresholds were deter-
mined simultaneously. NaCl concentrations ranged from 2.5
x 107% to 3.91 x 10~* M by serial half-dilution. Data on
thiourea taster status was not collected in this experiment.

After baseline testing, subjects ingested a gelatin capsule
containing 5.5 mg CAF/kg body weight (approximately equiv-
alent to three to four cups of brewed coffee for a 70-kg man).
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Body weight was determined on a clinical balance-beam scale
at time of testing. Although there was no true placebo session,
the study was double blind in the sense that both subjects and
the technician administering the tests were led to believe that
the capsules could contain either caffeine or an inactive pla-
cebo. In a previous study (27), we found that subjects given
this dose did not reliably identify whether they had received
CAF or a placebo.

Resting saliva collections began at 25 (time 1), 55 (time 2),
85 (time 3), 115 (time 4), 145 (time 5), 175 (time 6), and 355
(time 7) min after ingestion of the capsule, and detection
threshold testing began 5 min after initiating each saliva col-
lection. CAF detection thresholds were determined at all time
points but, because of time limitations, NaCl thresholds were
determined only at baseline and times 3, 6, and 7. During
periods between taste testing, subjects sat quietly in the test
room, reading or working on word puzzles.

RESULTS

Only two subjects had detectable levels of CAF in saliva at
time 0, both below 2 uM. There was no statistically significant
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FIG. 3. Effect of 5.5-mg/kg CAF dose on (A) salivary CAF concen-
trations, (B) CAF taste detection thresholds, and (C) NaCl taste detec-
tion thresholds of subjects in Experiment 3. Means + SEM.
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association between habitual CAF usage and baseline CAF
detection thresholds. This may be, in part, attributable to the
small number of subjects in the experiment. Repeated-
measures ANOVA identified no significant effects of acute
CAF ingestion on CAF or NaCl thresholds or salivary flow
over the time following dosing (Figs. 3A-3C).

Peak salivary CAF concentration was observed at time 2
for six subjects, with peaks for other subjects observed at
times 1 (n = 1), 3 (n = 3), and 4 (n = 2). The mean peak
salivary CAF concentration was 15.2 + 4.42 uM (range 9.22-
20.88). At the point of peak salivary CAF levels, individual
CAF taste detection thresholds averaged 1.31 + 0.91 mM,
exceeding salivary CAF by about two orders of magnitude.
At no time point for any subject did the two values come
within a 10-fold difference.

EXPERIMENT 4

Salivary CAF levels and acute CAF exposure did not ap-
pear to account for the observed associations between habitual
CAF use and taste sensitivity. These results prompted an addi-
tional study to examine the specific role of chronic CAF expo-
sure. The study was designed to assess whether gustatory func-
tion of nonusers would systematically change over an
extended period of moderate CAF consumption. The protocol
included assessment of physiological measures reportedly al-
tered by CAF use as additional indices of the effects of the
experimental manipulation.

METHOD

Eighteen subjects were selected based upon a reported cus-
tomary CAF consumption of less than 100 mg/day (n = 15)
or abstention from CAF use for a 3-week period prior to the
study (n = 3).

The 9-week experiment was conducted using a double-
blind, placebo-controlled within-subject design, with half the
subjects given CAF in the first experimental period and the
other half given the placebo first (Table 1). During the CAF
experimental periods, subjects were given gelatin capsules con-
taining 150 mg CAF (with 100 mg corn starch as filler, for a
total weight of 250 mg). The placebo contained 250 mg corn-
starch alone. Vials containing the different capsules were
coded by an investigator not in contact with the test subjects.
Subjects were given a vial containing 1 week’s capsules and
instructed to take one capsule three times each day—upon
rising, in midafternoon, and in the evening —for a total CAF
intake of 450 mg/day. They were also asked to arrange on
test dates to take one of their three capsules between 2 and 4
h prior to testing and avoid all caffeinated foods and medica-
tions throughout the duration of the study.

Three test sessions were conducted during the first week to

TABLE 1
PROTOCOL FOR EXPERIMENT 4
Treatment
Number of
Week Test Sessions Group 1 Group 2
1 (Baseline) 3 Placebo Placebo
2-4 (Experimental) 3 CAF Placebo
5-6 (Washout) 2 Placebo Placebo
7-9 (Experimental) 3 Placebo CAF
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establish firm baseline measures. Additional test sessions were
conducted once per week thereafter. All sessions began by
measurement of resting pulse and blood pressure and collec-
tion of a stimulated saliva sample. Subjects then completed
two physical performance tasks described below (20).

Hand steadiness was measured using a hand-held metal
stylus (1.5 mm diameter) and vertical metal plate with circular
holes cut through it (Model 32011, Lafayette Instrument Co.,
Lafayette, IN). Subjects sat with their arm extended and at-
tempted to hold the stylus in holes of 7.9, 5.15, and 4.0 mm
without touching the sides. The stylus was connected to an
impulse counter (Lafayette Model 58022), and the average
number of contacts over 2 30-s periods at each hole size was
determined.

In a rotary tracking task, subjects attempted to maintain
contact between a flexible metal-tipped stylus and a 1.8-cm
diameter disk located 5 cm from the edge of a 24.4-cm turn-
table moving at 45 rpm. Additional testing at 60 rpm was
added midway through the experiment (n = 13 subjects). The
stylus was connected to a stopclock (Lafayette Model 54030)
and the average contact time was determined in 2 20-s trials at
each speed.

Taste detection thresholds were determined for CAF, dena-
tonium benzoate (DB), and NaCl. DB is a potent bitter stimu-
lus; the molar detection threshold for this man-made com-
pound is about five to six orders of magnitude lower than for
CAF. This was selected as a sensitive medium with which to
test for possible generalized effects on bitter taste perception.
NaCl was used as a nonbitter stimulus to assess generalized
effects of CAF on taste sensitivity. The following concentra-
tion series were prepared as serial half-dilutions: CAF, 5.0
x 1072 to 6.1 x 10°°* M; DB, 1.0 x 107" to 1.22 x 107"
M; and NaCl, 8.0 x 107 't02.44 x 107° M.

Detection thresholds were determined by a two-cup forced-
choice staircase method, judged likely to offer enhanced sensi-
tivity and improved reliability over the time of the experiment,
compared to ascending triangle tests used previously. In this
procedure, a series of single taste solutions and water blanks
were presented as randomly ordered pairs. Subjects sipped
each cup, held it in their mouth 3 s, and then expectorated.
Their task was to select the sample with the stronger taste. A
single selection of the blank resulted in subsequent presenta-
tion of the next highest concentration of that tastant, while
selection of the tastant sample prompted presentation of the
same concentration again, Samples of CAF, DB, and NaCl
were alternated such that all thresholds were determined si-
multaneously. Upon selecting the tastant sample in two consec-
utive presentations following an error, the sequence for that
stimulus descended until another error was made and then as-
cended again. After seven such reversals in sequence, that tas-
tant was removed from the procedure. The first reversal point
was disregarded and thresholds were calculated as the geometric
mean of the last six reversal point concentrations.

The perceived intensity of the top five concentrations of
CAF, DB, and NaCl were determined using a modulus-free
magnitude estimation procedure (36) as described in Experi-
ment 2B. Subjects sipped and expectorated each solution and
then immediately provided a value for its taste intensity. In
this experiment,audition, rather than another taste modality,
was used to place individual ratings on a common numerical
scale (37). Subjects rated the intensity of 1,000-Hz tones at
30, 45, 60, 75, and 90 dB sound pressure presented to the right
ear. These were randomly interspersed among the taste
stimuli. The order of stimuli and concentrations within each
stimulus were randomly ordered except all five concentrations
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of each taste stimulus were presented as a block. All stimuli
were presented twice, and the mean response was used in fur-
ther computations. These raw magnitude estimates were nor-
malized as follows: Individual normalization factors were
computed as 10 divided by the geometric mean of each sub-
ject’s loudness estimates in a test session (37). Individual inten-
sity data from the same session were multiplied by this factor
prior to statistical analyses. Log-transformation of these data
improved the relationship between concentration and response
and served to normalize variance across concentrations for
repeated-measures ANOVA procedures.

Up to six extra capsules were dispensed each week and the
count of returned capsules was used as a check on compliance
and malingering. Salivary CAF levels were used as an addi-
tional index of compliance.

Differences in mean responses between the 3-week experi-
mental CAF and placebo periods were compared by paired
t-tests, and full-factorial repeated-measures ANOVA were
conducted to evaluate the main and interactive effects of
group (G) (CAF vs. placebo first), condition (C) (CAF vs.
placebo), and time (T).

RESULTS

The capsule count and other response measures indicated
high compliance with the caffeine dosing schedule. CAF was
not detected in any saliva sample from subjects at any point
in the placebo period, whereas it was detected in all saliva
samples during the CAF period. The data also show an effect
of CAF on both hand steadiness and rotary tracking perfor-
mance measures. Figures 4 and 5 present the change in perfor-
mance over time on each treatment. In the hand steadiness
test, overall mean performance on both the 5.15- and 4.0-mm
holes were significantly worse during the CAF vs. placebo
period [5.15 mm: 15.2 + 8.8 (CAF) vs. 12.7 + 6.9 (placebo)
contacts/30 s, #(17) = —2.13, p = 0.048; 4.0 mm: 51.5 +
17.0 (CAF) vs. 46.0 = 14.9 (placebo) contacts/30 s, #(17) =
—2.77, p = 0.013]. Differences were also noted on the rotary
tracking test at both 45 and 60 rpm [45 rpm: 15.3 + 2.4
(CAF) vs. 17.2 + 2.1 (placebo) s contact time, #(16) = 3.03,
p = 0.008; 60 rpm: 10.7 + 3.4 (CAF) vs. 12.5 + 3.9 (pla-
cebo) s contact time, #(12) = 2.24, p = 0.045, respectively].

ANOVA identified significant main effects of condition
only for the CAF-induced decrement in hand steadiness at
5.15 mm, F(1, 16) = 8.16, p < 0.01, and 4.0 mm, F(1, 16)
= 7.44, p < 0.015. There were significant interactive effects
on a number of measures. Pulse tended to increase over time
on the CAF but not placebo conditions [Fig. 6; C x T, F(l1,
16) = 5.08, p < 0.012], and a similar effect was identified
for hand steadiness at 5.15 mm [C X T, F(1, 16) = 7.97, p
< 0.002]. The group getting placebo first showed more pro-
nounced effects of CAF vs. placebo on hand steadiness at
5.15mm [G x C, F(1, 16) = 5.26, p = 0.036] and 4.0 mm
[G x C,F(1,16) = 7.44, p = 0.015]. However, subjects get-
ting CAF first exhibited comparatively greater effects of CAF
on rotary tracking at 45 rpm [G X C, F(1, 15) = 543, p =
0.034] and 60 rpm [G x C, F(1, 11) = 24.04, p < 0.001].

Taste detection thresholds for CAF, DB, and NaCl all
showed some fluctuations over the course of the experiment,
as shown in Fig. 7, but these were unrelated to the specific
treatments. Despite the inherent variation in thresholds over
time, calculations of statistical power indicate that this experi-
ment had a 90% probability of detecting a 0.2-M change in
CAF detection thresholds. A change of this magnitude among
nonusers increasing their CAF intake by 450 mg/day would
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FIG. 4. Performance on a hand steadiness task at two levels of diffi-
culty during chronic ingestion of CAF (450 mg/day) or placebo.
Means + SEM.

have been consistent with the results of Experiments 1 and
2A. Analyses also indicated no significant effects related to
CAF vs. placebo ingestion on any of the perceived intensity
measures (data not shown).

GENERAL DISCUSSION

These experiments document a relationship between habit-
ual CAF intake and CAF taste detection thresholds. Observa-
tions consistent with this have also been made in a separate
study on taste reactivity to CAF (Mela, unpublished). The
relationship, however, does not appear to be attributable to
acute or chronic CAF ingestion. Several possible explanations
for these results may be considered.

Acute CAF ingestion seems particularly unlikely to affect
taste perception through simple adaptation. It is clear that,
even after a substantial CAF dose, taste detection thresholds
consistently exceed peak salivary CAF levels by at least a fac-
tor of 10 in both CAF users and nonusers. Although use of
higher doses might narrow that difference, the quantity of
CAF ingested by subjects in Experiment 3 was considerably
greater than would normally be encountered in a single sitting
in a typical diet.

Pharmacological properties of CAF would seem a more
likely mediator of the observed relationships between CAF
intake and taste function. Plasma CAF levels in the 1- to 5-uM
range, values well below the salivary levels observed here,
elicit discriminable effects on other sensory systems (e.g.,
audition, vision) and mood (13,21). Antagonism of adeno-
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FIG. 5. Performance on a rotary tracking task at two speeds during
chronic ingestion of CAF (450 mg/day) or placebo. Means + SEM.

sine receptors is generally accepted as the primary mechan-
ism underlying the behavioral and physiological effects of
CAF (4,38).

With regard to taste, Schiffman et al. (32,33) reported that
brief (4 min) exposure of the lingual surface to micromolar
concentrations of CAF and other methylxanthines markedly
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FIG. 6. Resting pulse during chronic ingestion of CAF (450 mg/day)
or placebo. Means + SEM.
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FIG. 7. Taste detection thresholds for NaCl, DB, and CAF during
chronic ingestion of CAF (450 mg/day) or placebo. Means + SEM.

enhances the perceived taste intensities of a number of sapid
compounds, including quinine HCI. They suggested that lin-
gual CAF exposure may enhance taste intensity by blocking
adenosine binding and activation of putative inhibitor A, re-
ceptors in taste receptor cells. However, the presence or ab-
sence of such receptors on these cells has not been confirmed
(J. G. Brand, personal communication), and the primary psy-
chophysical findings have not been successfully replicated. In-
deed, in a previous study (27), as well as the present work
(Experiments 2A, 2B, and 4), we have been unable to confirm
any relationships between lingual CAF exposure (via salivary
CAF) and perceived intensity of taste stimuli. Moreover, the
present studies suggest that, if anything, the presence of CAF
would be associated with reduced taste sensitivity.
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It is conceivable that long-term bathing of the taste recep-
tor cells in a CAF-containing medium may modify their recep-
tion or transduction characteristics. The performance data
from Experiment 4 provide evidence that at least some physio-
logical influence was effected by CAF ingestion, yet we ob-
served no changes in gustatory function during this period
and no differences in perceived intensity in any experiment. It
is possible that the period required for gustatory changes may
be substantially longer than 3 weeks; however, this time period
was selected because it represents about two times the typical
half-life of gustatory epithelial cells. Thus, most of the cell
population resident at the end of CAF exposure could be ex-
pected to have developed and matured in the presence (or
absence) of CAF in the appropriate test periods. The present
study involved both peripheral and central exposure to caf-
feine and it is possible, though unlikely, that some counterbal-
ancing effect may exist.

It is perhaps more likely that the observed relationships
between CAF intake and taste function are mediated by other
components of dietary CAF sources. Coffee is by far the most
significant dietary source of CAF, yet the CAF concentration
of a typical cup of coffee in the United States is only 2-3 mM,
ranging from about 1.5 up to 6mM (1,35), not far above the
range of CAF taste detection thresholds. At these concentra-
tions, CAF is not particularly bitter and, contrary to popular
assumptions, CAF is not the major contributor to the bitter
taste of coffee (7,26). There are a large number of other bitter
compounds in coffee; the specific contribution of each of
these to overall bitterness has not been established and may
vary substantially with the source of beans and preparation of
the beverage (26). Frequent exposure to these other potent
bitter stimuli may mediate the relationships seen in Experi-
ments 1 and 2A. This would not have been tested in Experi-
ments 3 and 4, which used pure CAF rather than coffee. Simi-
larly, differences in the composition of coffee and other
CAF-containing or bitter foodstuffs might explain the dissimi-
lar results seen in the Argentinean subject population in Ex-
periment 2B. As previously noted, dietary and genetic influ-
ences on bitter taste sensitivity have been documented (11,
16,30,34).

Additional possibilities relate to preexisting differences and
self-selection among the CAF user and nonuser populations.
Hence, differences in taste function might precede and con-
tribute to the initiation and continued use of CAF, or both
intake and taste sensitivity may be manifestations of other
characteristics of CAF users and nonusers, for example, level
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of arousal and extroversion (31). While the former view has
not been tested, its importance is challenged by other evidence
indicating that the relationships between taste thresholds,
preferences, and intake of bitter foods are weak (17,23,24).
With regard to the second possibility, a number of studies
have identified links between personality measures and gusta-
tory function, particularly bitter taste thresholds (10,12,
18,19,22,39). If this is correct, then acute or chronic adminis-
tration of CAF might be expected to have little effect on taste
thresholds, as observed in Experiments 3 and 4. The possibil-
ity also exists that the gustatory systems of these populations
differ in sensitivity to CAF-induced changes. Although gusta-
tory function was unaffected by chronic CAF use among the
nonusers selected in Experiment 4, controlled withdrawal and
reexposure of CAF users to CAF might have identified a dif-
ferential response.

There were a range of different methods of gustatory func-
tion used in these experiments and a number of minor varia-
tions within the various methods. This makes absolute com-
parisons between experiments more difficult; however, with
the exception of taste threshold data in Experiment 2B, the
results were relatively consistent. Nevertheless, further clarifi-
cation and verification of any gustatory effects related to in-
gestion of CAF (and other dietary components) is warranted.

In summary, these studies document an association be-
tween CAF intake and taste sensitivity. Attempts to demon-
strate a direct influence of dietary exposure to CAF on taste
were unsuccessful. We therefore suggest that the observed dif-
ferences in gustatory function may not be causally related to
CAF use but perhaps reflective of some other individual or
environmental characteristic(s) associated with CAF inges-
tion. Explanations holding that CAF taste sensitivity is influ-
enced by unidentified dietary components or that gustatory
function and intake are both reflections of other individual
traits remain plausible but unexplored. A better understanding
of the bases for these relationships could provide novel in-
sights on the interrelationships of sensory function, nutrition,
and behavior.
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