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Effect of response task on taste adaptation

HERBERT L. MEISELMAN
Food Sciences Laboratory, U.S. Army Natick Laboratories, Natick, Massachusetts 01760

Two experiments studied whether subjects reported complete adaptation of a taste sensation. Three
tasks were chosen based on their use in other laboratories: hand lowering to connote stimulus absence,
magnitude estimation, and cross-adaptation of a brief stimulus following a prolonged stimulus. In the first
experiment, different groups of 9 subjects received the three different tasks; in the second experiment, all
20 subjects received all three tasks. In both experiments, subjects failed to demonstrate complete taste
adaptation in at least 50% of adaptation trials. Response task did affect the likelihood of observing

complete taste adaptation.

Many recent basic references in psychology
(Bartoshuk, 1971), chemical senses (Pfaffman,
McBurney, & Bartoshuk, 1971), and food science
(Amerine, Pangborn, & Roessler, 1965) state that
taste stimuli of moderate intensity adapt completely
when the stimulus is presented continuously. Failure
of subjects to adapt to a continuous taste stimulus is
attributed to insufficient time of exposure to the
stimulus or tactile components of the stimulus
(Bartoshuk, 1968), lack of stimulus constancy
(Abrahams, Krakauer, & Dallenbach, 1937;
Meiselman, 1968}, or tongue movements (Krakauer &
Dallenbach, 1937; Meiselman, 1968). Most studies
that use taste adaptation as a research tool or which
study taste adaptation directly have not reported
specific data on whether all subjects showed complete
adaptation. Meiselman (1972) reported that subjects
ditter widely in their tendency to report complete
adaptation, and that ditferent stimulus presentation
methods may affect the probability of observing
complete adaptation.

Lack of standardized techniques in human
gustatory research (Meiselman, 1972) has resulted in
a variety ot procedures used to attempt to produce
taste adaptation and in a variety of tasks with which to
measure it. Adaptation has been attempted with
stimuli simply sipped and held in the mouth, with the
resulting dilution by saliva (Meiselman, 1968), and
sipped repeatedly to avoid progressive dilution by
saliva (Meiselman, 1968). In addition, a variety of
techniques have been used which use a continuously
flowing stimulus. One of the early flowing devices was
the Cornell gustometer (Abraham, Krakauer, &
Dallenbach, 1937), which stimulated the entire
mouth. This has recently been modified by Meiselman
(1971). A ditferent approach to tlowing stimuli has
been the anterior dorsal tongue flow widely used by a
variety of investigators and laboratories in recent
years.

The course of gustatory adaptation has been
measured with a variety of techniques. The classical

approach (Hahn, 1934) was through the measurement
of the taste threshold, and this approach is still used
in taste adaptation research (McBurney, Kasschau, &
Bogart, 1967). The simplest task has been the use of a
signal from the subject (e.g.. hand raising) to signal
when the taste of the flowing stimulus has
disappeared, indicating adaptation (Abrahams et al.,
1937; Krakauer & Dallenbach, 1937). Taste
adaptation has been widely used in gustatory research
through the procedure of cross-adaptation, in which
the experimenter presents a lengthy exposure to one
stimulus followed immediately by a brief exposure to a
second stimulus. If the adaptation to the first stimulus
decreases or abolishes the perception of the second
stimulus, then the two stimuli are assumed to have
similar characteristics (McBurney, 1969; Meiselman,
1972). The duration of the first, longer stimulus is
usually arbitrarily assigned, i.e., it is not dependent
on the disappearance of the taste of the flowing
stimulus. The brief second stimulus is usually
described in qualitative and quantitative terms. The
quality response indicates cross-adaptation because it
should disappear or change with complete adaptation
(McBurney & Bartoshuk, 1973; McBurney & Shick,
1971). The intensity of this taste produced by
cross-adaptation is usually measured with a ratio
scaling technique, called magnitude estimation, in
which stimulus strength is described relative to an
arbitrary standard. Stimuli twice as strong as the
standard are assigned numbers twice as large, and so
on. In the present experiment, the effect of exposure
to a compound on itself is used as a measure of
adaptation. Direct magnitude estimation of the
course of gustatory adaptation has been used
(Meiselman. 1968). although complete adaptation has
rarely been observed.

The present experiments were undertaken to study
directly whether a taste sensation completely adapts,
i.e.. whether a number of various reporting tasks
indicate absence of stimulus perception. Three tasks
were chosen based on their use in other laboratories; a
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HAND RAISE EXPRRIMENT I:

TONGUE FOR
TIVELY STROWG,
SOLUTION, I
NO LONGZR

YOU TO REMOVE

IN THIS EXPERIMENT A SOLUTION WILL FLOW CVER
SEVERAL MINUTES. THR SOLUTION WILL AT FIRST TASTE
BUT IT MAY CHANGE. IF AT ANY TIME YOU CANNOT TASTE
WANT YOU TO RAISE YOUR HAND TO LET ME KNOW THAT YOU
TASTE THE SOLUTION. AFTER SEVERAL MINUTES, I WILL
YOUR TONGUE AND TELL ME ABOUT ANY CHANGES YOU OBSER!

LENFLE

PLEASE KEEP YOUR TONGUR IN THE CHAMBER WITH ITS TIP IN CONTACT
VITE THE CIRCLE., REMEMRER, RAISE YOUR HAND IF YOU TASTE NOTHING.
KERP YOUR BAND DOWN AS LONG AS YOU TASTE SOMETHING,

KMAGNITUDE ESTIMATION I:

YOUR TASK IN THIS EXPERIMENT WILL BE TO RATE THE STRENGTE OF
THE SOLUTION FLOWING OVER YOUR TONGUE. THE FIRST SOLUTION YOU TASTE
WILL BR THR STAMDARD AND IT WILL BE ASSIGNED A RATING OF 10. YOU
WILL KERP YOUR TONGUE IN THE CHAMBER, IN CONTACT WITH THE CIRCLE POR
SEVERAL MINUTRS. I WILL ASK YOU TO RATE THE SOLUTION EVERY 15 SEC-
OMDS, KEEPING IN MIND THAT THE STANDARD IS ASSIGNED A RATING OF 10.
IF AFTER 15 SECONDS THE SOLUTION TASTES TWICE AS STRONG, YOU WQULD
RATE IT AS 20. IF IT TASTES 1/2 AS STRONG, YOU WOULD RATE IT AS A 5
AND 80 ON.

YOU MAY USE ANY NUMBER POR RATING THE SOLUTION THAT YOU FEEL IS
APPROPRIATE FOR THE SOLUTION AT THAT PARTICULAR TIME. AFTER SEVERAL
MINUTES I WILL TELL YOU TO REMOVE YOUR TONGUE FROM THE CHAMBER; DO
WOT REMOVE IT UNTIL TOLD TO DO SO,

CROSS ADAPTATION I:

IN THIS EXPERIMENT A SOLUTION WILL FLOW OVER YOUR TONGUE FOR
SEVERAL MINUTRS, AFTER SEVERAL MINUTES, A NEW SOLUTION WILL FLOW
OVER YOUR TONGUE POR SEVERAL SECOMDS. I WILL TELL YOU WHEN THIS
NEW SOLUTION IS BRING INTRODUCED TO YOU BY SAYING 'NOW
BRIEF YLOW OF THE SECOND SOLUTION, I WANT YOU TO TELL ME IF THE
SECOND SOLUTION HAD A TASTE ANT IF SO WHAT IT WAS.

PLEASE XERP YOUR TONGUR IN THE CHAMBER WITH IT'S TIP IN CONTACT
WITH THE CIRCLE. (BE SURR TO DESCRIBE THE TASTE WAILE YOUR TONGUE
I8 STILL IN THR CHAMBER).

IF SUBJECT TASTED SALT IN SEZCOND SAMPLE, THEN THE POLLOWING
CONDITIONS APPLY:

PLEASE ESTDMATE THE STRENCTH OF THE SALTINESS IN PREPORTION
TO THE STRENGTH OF SALTINESS, WREN THE FIRST FLOW BEGAN. IF IT IS
IWICE AS STRONG, CALL IT 20, IF IT WAS 1/2 AS STRONG, CALL IT 5 AMD
SO ON. FEEL FREE TO USE ANY NUMBER.

Figure 1. Instructions for Experiment I.

hand-raise task in which absence of the stimulus is
defined by hand-lowering. a magnitude estimation
task in which numbers are assigned to perceived
stimulus strengths and hence complete adaptation is
zero, and a cross-adaptation task in which the salty
quality of a brief exposure to salt after prolonged
exposure to salt should be missing. Two experiments
are ported; in the first. ditterent groups of subjects
received the three different tasks, while in the second,
all subjects received all tasks.

EXPERIMENT 1

Method

Subjects. The subjects were 27 enlisted males at U.S. Army
Natick Laboratories between 18 and 23 years of age. The subjects
were part of the Army’s military test subjects program, and they
volunteered for the test. The subjects did not know the purpose of
the experiment. nor were they tamiliar with taste judgments. Nine
ditterent subjects received each of three adaptation procedures.

Stimulus. The one stimulus solution for the experiment was
360 mM NaCl prepared with distilled water (r/t = 1.3330) and
reagent grade NaCl. The solution was kept in a water bath at 34°C.

Procedure. The 360 mM NaCl stimulus was located in two
polypropylene bottles (one 5-gal type and the other 1 gal) sitting in

a water bath. The bottles were pressurized at S psi to deliver the
stimulus through plastic tubing to the subjects at S mi/sec. The
delivery of the solution tor the magnitude estimation and hand-raise
experiments was a continuous flow, for 3 min, from the larger
bottle. For the cross-adaptation experiment, there was a 3-min flow
to the subject from the large bottle, tollowed by a S-sec flow from
the small bottle. This was accomplished through the use of a
two-way stopcock.

The subject was seated in tront of the water bath. The procedure
for the three different tasks was as follows: The subject was asked to
place his tongue in a tongue-fixation chamber which consisted of
two parallel Plexiglas bars with a tongue fixation point on which the
subject was instructed to touch the tip of his tongue (Meiselman,
1972; Meiselman & Halpern, 1973). For all presentations. the
subject was asked to extend his tongue and the liquid was flowed
over the anterior dorsal surface (McBurney, 1966; Meiselman,
1971). Instructions for this experiment are shown in Figure 1. The
subjects recorded their own data for magnitude estimation; data for
each 3-min adaptation were removed as soon as completed.

Results

Median magnitude estimations were calculated for
the three replications for nine subjects, and are
presented in Figure 2. The adaptation function begins
at the assigned value ot 10 and ends at 3.0 at the end
of 3 min. The low points of the adaptation curve was
reached at 150 msec (3.0). Calculations based on the
arithmetic mean show no signiticant difterences in the
last several data points. Two subjects did report zero
magnitude (i.e.. complete adaptation) on each of their
three replications for a total of six adaptations in 27
presentations. One of the two subjects adapted to zero
and remained there, while the other subject adapted
to zero three times and then reported a positive
magnitude estimate for the last two reports. Reports
above the starting value of 10 were common. Twelve
out of 27 individual functions exceed 10 at at least one
point. One subject consistently stayed at or above 10
tor all three replications.

With the hand-raise procedure, 21 out of 27
replications indicated that complete adaptation was
reached at least once (Figure 3). Four different
subjects did not reach complete adaptation at least
once in three replications; one subject never reached
complete adaptation. Six subjects reached adaptation
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Figure 2. Median magnitude estimations for nine subjects for
three replications (each data point is based on 27 measures).
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more than one tinie in a 3-min procedure, that is, they
reported adaptation, then reported a nonadapted
state, and then reported a return to an adapted state.
Out of 27 replications, the numbers per 3-min
procedure were as follows: (a) no adaptations, 6;
(b) one adaptation, 9; (c) two adaptations, 6;
(d) three adaptations, 3; (e) four adaptations, 2; and
(f) tive adaptations, 1. The earliest adaptation out of
the 27 was at 15 sec.

In the cross-adaptation procedure, no temporal
data are available, only the qualitative reports of the
cross-adapted stimulus. Out of 27 reports, salty
(indicating incomplete adaptation) was given 16
times, sweet 4 times, and no taste (indicating
complete adaptation) 7 times. The median magnitude
estimation assigned the salty quality was 8. Data on
the small number of sweet reports are incomplete.
Interestingly, five subjects reported salty on each of
three trials and three subjects never reported salty;
one subject reported sweet on each of three
replications, and one subject reported no taste on
each of the three replications. Two other subjects each
reported two no-taste responses out of three.

The results of Experiment I are summarized in
Tablel.

EXPERIMENT II

Method

Subjects. The subjects were 20 lab technicians at U.S. Army
Natick Laboratories, between 21 and 28 years of age. The subjects
were familiar with taste judgment, but they did not know the
purpose ot the experiment. All of the 20 subjects received the three
adaptation procedures.

Stimulus. The one taste stimulus solution for the experiment,
360 mM NaCl, was prepared with distailled water and reagent
grade NaCl. The solution was kept in a water bath at 34°C.

Procedure. The 360 mM stimulus was located in two
polypropylene bottles set in a water bath. There was also a bottle of
distilled water in the bath that was used as a rinse.

The bottles were pressured at S psi to deliver the stimulus to the
subject at 5 ml/sec. In the hand-raise and magnitude estimation
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Figure 3. Complete adaptations indicated by hand raising. The
hatched line indicates the hand was lowered, showing presence of
sensation. The heavy solid line indicates the hand was raised,
showing absence of sensation.
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Table 1
Experiment I
Number of  Number of Subjects
Complete  Reaching Ever
Adaptations Complete Reaching
in 27 Adaptation Complete
Trials Every Time Adaptation
N=27) (N=9) N=9
Magnitude
Estimation 6 2 2
Hand Raise 21 4 8
Cross
Adaptation 7 1 3
experiment, the flow was continuous for 3 min. In the

cross-adaptation experiment, the NaCl flowed for 3 min from one
bottle, and then an electric wave was used to change the source of
an identical NaCl solution for 15 sec. Instructions for the second
experiment are shown in Figure 4. The subjects recorded their own
data for magnitude estimation; data for each 3-min adaptation
were removed as soon as completed.

Results

Median magnitude estimations were calculated for
each trial for the 20 subjects, and are presented in
Figure 5. The adaptation function begins at the
assigned value of 10, decreases to S at 1 min, and
remains at a value of 5-6.5 until 180 sec, when there is
a jump to 8. Out of the 20 subjects, 3 reported zero
magnitude (Table 2), although only 1 stayed adapted
after reaching the zero level (at 90 sec). The other two
either returned to the initial value of 10 or varied
between ratings of 5 and 10. Twelve out of 20 subjects
reported a magnitude greater than 10 at some point
during their 180-sec procedure. One subject reported
no change in intensity (i.e., a rating of 10) throughout
the 180 sec, and another stayed at a rating of 10 or
above for that time.

With the hand-raise procedure, 8 of 20 subjects
showed complete adaptation at least once, and
therefore, 12 subjects never indicated adaptation by
raising their hands. Five subjects gave more than one
hand raise in 180 sec. The numbers of adaptations
per 180-sec procedure were as follows: (a) no
adaptations, 12; (b) one adaptation, 3; (c) two
adaptations, 1; (d) three adaptations, 1; (e) four
adaptations, 2; and (f) five adaptations, 1 (Figure 6).
In the hand-raise procedure, the earliest adaptation
reported was at 29 sec.

In the cross-adaptation procedure, out of 20
subjects, 6 reported salty, 4 reported sweet, 1 reported
sour, and 9 reported no taste, indicating complete
adaptation. The median magnitude estimations
assigned the salty and sweet qualities were 6 and 4,
respectively. Out of the 6 subjects who did report salty
taste in a cross-adaptation situation, S never showed
adaptation with any of the three procedures.

The results of Experiment II are summarized in
Table 2.
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HRAND RAISE II:

IN THIS EXPERIMENT A SOLUTION (NACL) WILL FLOW OVER YOUR TONGUE
FOR SEVERAL MINUTES. THE FLOW WILL BE A CONSTANT FLOW, BUT THE STRENGTH
OF THIS SOLUTION MAY CHANGE.

YOUR TASK WILL BE TO OBSERVE THESE CHANCES AND RELATE THEM TO ME
AFTER THE YLOV HAS STOPPED. INITIALLY THEZ STRENGTH OF THE SOLUTION
WILL BE ASSIGNED A RATING OF 10. IP THE SOLUTION BECOMES TWICE AS STRONG
IT WOULD HAVE A VALUE OF 20,

LIKEWISE IF THE SOLUTION BECOMES 1/2 AS STRONG IT WOULD BE ASSIGNED
A RATING OF 5, AND SO ON (1/10 = 1, 5X = 50).

ANY QUESTIONS.

IF AT ANY TIME YOU CANNOT TASTE THE NACL (THE SOLUTION TASTES LIKE
H20) 1 WANT YOU TO RAISE YOUR HAND TO INDICATE THIS TO ME. CONTINUE TO
HOLD YOUR BAND UP AS LONG AS YOU CAN NOT TASTE THE NACL.

AT THE END OF SEVERAL MINUTES, I WILL STOP THE YLOW AND IF YOU CAN
TASTE THE NACL AT THIS TIME, HOW WOULD YOU RATE IT ACCORDING TO THE INI-
TIAL SOLUTION WHICH WAS ASSIGNED A VALUE OF 10.

THE MACL SOLUTION WILL BE PRECEDED BY A FLOW OF H20. PAY NO ATTEN-
TION TO IRREGUEAR FLOW OF THE SOLUTION,
CROSS ADAPTATION II:

YOU HAVE FOUR SOLUTIONS IN FRONT OF YOU LABELED: BITTER, SALT,

g
;
i

i
:
i

FRECEDED BY A FLOW OF Hp0. PAY NO ATTEN-

MAGNITUDE ESTIMATION II:

IN THIS EXPERIMENT A SOLUTION WILL FLOW OVER YOUR TONGUE FOR
SEVERAL MINUTES. YOU WILL BR ASKED TO RATE THE STRENGTH OF THIS SOL-
UTION EVERY 15 SECONDS, WHEN I SAY "NOW", RATE THE SOLUTION.

THE INITIAL SOLUTION WILL BE ASSIGNED A RATING OF 10. THE SOL-
UTION'S STRENGTH MAY CHANGE OVER THE COURSE OF THE SEVERAL MINUTES.

IT AY DECREASE, INCREASE OR DISSAPPEAR. YOUR TASK WILL BE TO
NOTE THESE CHANGES IN YOUR RESPONSE (EVERY 15 SECOMDS).

IF THE SOLUTION BECOMES TWICE AS STRONG, CALL IT 20. 1IF IT IS 1/2
AS STRONG, CALL IT 5, etc. IF IT HAS NO TASTE, CALL IT 0, etc.

FEEL FREE TO ASK ANY QUESTIONS,

THE NACL SOLUTION WILL BE PRECEDED BY A FLOW OF Hp0. PAY NO ATTEN-

TION TO ANY IRREGULAR FLOW OF THE SOLUTION,

Figure 4. Instructions for Experiment 11.

DISCUSSION

These data demonstrate that taste does not adapt
completely for a salty stimulus of moderate strength
with a variety of response tasks. Taken together with
the data which demonstrate that individual subjects
ditter greatiy in the likelihood of reading complete
adaptation in 2 min for salt and that different
stimulus presentation procedures affect the proba-
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Figure 5. Median magnitude estimations for 20 subjects.

bility of observing complete adaptation (Meiselman,
1972), all of these data question the generality of
complete adaptation in gustation.

It should be noted immediately that it is not being
argued that complete adaptation in taste is

impossible. In every procedure, in every response

task, some subjects report that the stimulus
disappears. In Meiselman’s (1972) data on 80
adaptation sessions, functions tor each ot five subjects
indicated that one subject (out of five) would probably
show adaptation to salt or quinine nearly 70% of the
time, two subjects would show adaptation to salt
about 23% of the time. and the remaining subjects
(two for salt, four for quinine) would rarely show
complete adaptation. Only one subject in five
regularly adapted on more than 50% of the
replications. When the same data were reorganized by
stimulus presentation procedure, the anterior dorsal
tongue flow method was shown to increase the
likelihood of observing complete adaptation with
many salt and quinine concentrations. Both sipping
methods and whole-mouth irrigation appeared more
sensitive to concentration, yielding more complete
adaptations at lower concentrations. No method
regularly yielded greater than 50% complete
adaptation.

In the present experiments, only the hand-raise
task approaches 50% adaptation rate (i.e., complete
adaptation reported on half the trials). With
magnitude estimation, the percentage showing
complete adaptation is considerably lower (nearer

Table 2
Experiment 11

Number of Subjects
Out of 20 Showing
Complete Adaptation

Magnitude Estimation 3
Hand Raise 8
Cross Adaptation 9
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Figure 6. Complete adaptations indicated by hand raising. The
hatched line indicates the hand was lowered, showing presence of
sensation. The heavy solid line indicates the hand was raised,
showing absence of sensation.
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20%), and for the cross-adaptation task, it appears
more variable, but always below S50%. Thus, the
overall conclusions remain that unbiased selection of
subjects, stimulus presentation procedures, and
response tasks do not yeld more than S0% occurrence
of complete adaptation.

These data suggest that other variables in the taste
adaptation situation be investigated before any final
estimate is reached as to the percentage of adapters in
the population, i.e., subjects likely to report complete
adaptation of a taste sensation. One possible variable
to consider is the demand characteristics of the
instructions. The present instructions are neutral with

respect to the completeness of adaptation. It is-

possible that other investigators have used
instructions with varying degrees of neutrality. Most
published reports have not contained the specific
instructions used or any indication as to whether all
subjects received identical instructions.
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