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An automated regional taste-testing system

PAUL HEBHARDT, RITUBAGLA, and RICHARDL. DOTY
University ojPennsylvania Medical Center,Philadelphia, Pennsylvania

A fully programmable and portable automated regional taste-testing system is described. This sys
tem utilizes a glass stimulator held to the surface of the tongue by a mild vacuum. Temporally and spa
tially discrete trains of stimuli, delivered from a bank of glass reservoirs through microprocessor
controlled Teflon solenoid valves and both glass and Tygon tubing, can be delivered to the lingual
surface at millisecond durations. Rinses between stimuli are similarly programmed. The stimulus de
livery is monitored at the surface of the tongue, using a capacitance sensor to alert the subject of stim
ulus delivery. An example of the application of this system is shown, in which we demonstrate that the
detection threshold for NaCl is inversely related to stimulus duration by apower function.

The sense oftaste plays a major role in determining the
flavor of foods and serves to protect the organism from
ingesting harmful substances. Taste aberrations-in
cluding debilitating and persistent sour and bitter taste
phantoms that compromise food intake, nutrition, and
the quality of life-are common in the elderly popula
tion (Mott & Leopold, 1991). Aceurate clinical assess
ment oftaste function is essential in order to localize the
source of dysfunction and to apply appropriate remedial
measures.

Although whole-mouth taste testing is widely used in
clinical situations, such testing is insensitive to most re
gional deficits in the oral cavity (Bartoshuk, 1989). For
example, numerous medical conditions selectively influ
ence a given taste-related nerve (e.g., most cases ofBell's
palsy affect only the facial nerve [CN VII] unilaterally
[Taverner, 1955]), requiring refined assessment of gus
tatory function. Furthermore, whole-mouth testing seems
to be 1ess sensitive than regional testing to the influences
of aging (Matsuda & Doty, 1995). This is presumably
due, in part, to the fact that who1e-mouth testing recruits
taste fibers from several cranial nerves (e.g., the facial
[CN VII], the glossopharyngeal [CN IX], and the vagus
[CN X]), whereas regional testing typically does not.

In the clinic, regional testing of the tongue has tradi
tionally been performed with electrogustometry (Krarup,
1958), small pieces of filter paper (Tomita, Ikeda, &
Okuda, 1986), cotton swabs (Bartoshuk, Desnoyers,
O'Brien, Gent, & Catalanotto, 1985), or pipettes (Deerns
et al., 1991). Unfortunately, electrogustometry is limited
in that it does not elicit the entire range oftaste sensations
(e.g., sweet, salty, etc.), presumably influencing only those
receptor mechanisms responsive to ionic (e.g., NaCl, cit-
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ric acid) stimuli (Frank & Smith, 1991; Salada, Raj, &
Doty, 1991). With the possible exception of procedures
in which tastants are thickened with cellulose (see, e.g.,
Kroger, Doty, & Hoffman, 1997), procedures that present
drops ofsolution to the tongue (see, e.g., Henkin & Chris
tiansen, 1966) do not allow for precise control ofthe spa
tial extent of the stimulus on the tongue's surface, and
those that directly apply tastants via cotton swabs or by
other mechanical means have the potential for confound
ing gustatory and somatosensory stimulations. Presenta
tion of stimuli with small pieces offilter paper are limited
by poor diffusion ofthe stimulus from the filter paper and
by variation in mucus thickness on the tongue 's surface.

Several studies suggest that well-defined temporal and
spatial regional stimulation of the tongue can be estab
lished in the laboratory setting, although most such stud
ies have evaluated only suprathreshold responses. For ex
ample, Kelling and Halpern (1983) regionally stimulated
the tongue, using a closed-flow system in which liquid
flowed through a 39.3-mm2 elliptical opening in the bot
tom wall of a polypropylene tube. These investigators
found that intensity magnitude estimates increase as stim
ulus duration increases from 0.1 to 1.0 sec. Their device,
which was used in a number ofsubsequent studies that ex
panded these durations (Kelling & Halpern, 1986, 1987,
1988; Lester & Halpern, 1979), employed elements of
earlier similar devices (i.e., Meiselman, Bose, & Nyk
vist, 1972; Meiseiman & Halpern, 1973). More recently,
Zuniga et al. (1993) attached a polyethylene chamber
with a 43-mm2 orifice to the anterior tongue, using Krazy
Glue, and established detection thresholds to citric acid
in 84 people, using a forced-choice paradigm. Stimuli
10 sec in duration were employed. An inverse relationship
was found between threshold values and the number of
fungi form papillae.

DESCRIPTION OF A NEW REGIONAL
TASTE-TESTING SYSTEM

In this paper, we describe a new automated regional
taste-testing system (termed the University ofPennsylva-
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nia Regional Automated TasteTestingSystem, or RATTS;
see Figure I) that accommodates several sizes of glass
tongue stimulators and easily provides different concen
trations of tastants for the measurement of gustatory de
tection thresholds. The RATTS is a further development
of a microprocessor-controlled gustometer described by
Matsuda and Doty (1995) and was designed to allow pre
eise presentation of a wide range of taste stimuli to dis
crete tongue regions. This system differs from most pre
vious systems in (I) providing computer control over the
stimulus and rinse durations, (2) employing interchange
able glass stimulating devices, held to the tongue by vac
uum, (3) supplying multiple tastant channels amenable
to threshold stimulus presentation, and (4) being rela
tively portable, since it is mounted on a mobile Topcon
AlT-lOB Electric Cart (Topcon Corp., Tokyo). This de
vice automatically delivers timed trains of stimulus
pulses (boluses) and water rinses from 13 gravity-fed so
lution reservoirs to a given glass stimulation device at
tached to the tongue. After flowing over the tongue sur
face, the solutions are evacuated into a disposable plastic

cup (Figure I). Three stimulator sizes are presently avail
able: 12.5,25.0, and 50.0 mrn- (Figure 2). The 250-ml
reservoirs are made of Pyrex glass. The solution from
each reservoir flows through a 24-VDC three-way Teflon
solenoid valve (General Valve Corp., Fairfield, NJ) into
a common, 5.6-cm-Iong Pyrex glass collecting tube (Fig
ure 3). The solenoid valves are vented individually, to
eliminate the vacuum that forms as a result ofthe opening
and closing ofthe valves and, hence, to avoid formation of
small bubbles in the solution streams. Because of its low
porosity and hydraulic resistance, glass is used through
out the system, wherever possible, facilitating laminar
solution flow in the delivery of stimuli and minimizing
stimulus contamination of the system. Once in the col
lecting tube, a stimulus pulse, or bolus, is moved through
the tube to the tongue by an air pump. The current into
the air pump is controlled by a variable resistor so that
the air flow rate can be varied, allowing for simple tem
poral control of stimulus duration at the tongue 's surface.
The stimulus solution passes through a capacitance sen
sor located at the edge of the glass applicator. This sen-

Figure 1. The University ofPennsylvania Regional Automated Taste Testing System (RATTS), with the subject seated
comfortably and the glass stimulation device, a suction gauge, and the microprocessor in place. The table can be moved
up or down electrically to accommodate the subject's height. The flexible extension from the top of the headrest con
tains a light that cues stimulus delivery.
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Figure 2. Glass stimulation devices viewed from the bottom. The stimuli ßow through the inner
chambers, which, from left to right, provide three different areas of stimulation: 12.5,25, and
50 mm-. A vacuum surround, calibrated with a DWYER Minihelic-2 differential pressure
gauge, holds the device on the subject's tongue. From "Regional Taste Sensitivity to NaCl: Re
lationship to Subject Age, Tongue Locus, and Area of Stimulation," by T. Matsuda and R. L.
Doty, 1995, Chemical Senses, 20, p. 286. Copyright 1995 by Oxford V niversity Press. Reprinted
with permission.

sor activates a relay circuit and light, which cues the sub
ject as to stimulus delivery. The subject signals whether
a stimulus is detected by pressing a response button.

The control of stimulus delivery parameters and the
recording of subject responses is performed by a pro
grammable logic controller (PLC; ATCOM Interactive
Controller 64, Automatie Timing and Controls Com
pany, Inc., King of Prussia, PA). This device is asolid
state industrial control system of remarkable durability
that incorporates microprocessor technology to control a
series ofrelay circuits (see Figure 4). Sixty-four input/
output connections are provided that can be individually
designated as either 120 V AC or 24 V DC. This accom
modates the system's requirement for both types ofpower
(see below) and allows the system to be operated with
out a computer, aiding in its portability. A design feature

ofthe ATCOM 64 is its use of its own language (SNAP)
to control inputs and outputs. This language is much more
flexible than the ladder logic of many other PLCs (e.g.,
it allows for IF THEN logic, as weIl as for the ability to re
playa random number sequence). The ATCOM 64 is
powered by 120 V AC. Configuring the ATCOM for each
type ofoutput (i.e., for the solenoid valves, the air pump,
and the capacitance sensor; see Figure 4) simply requires
installing a 120-VAC or 24-VDC module into the con
troller and supplying that module with an appropriate
power source.

The fully programmable capability ofthe RATTS, un
like the situation with most other devices described in
the literature, allows for rapid and straightforward ma
nipulation of stimulus parameters useful for assessing
taste function, including stimulus duration, flow rate, in-
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Figure 3. Diagram of the basic configuration of the Regional Automated Taste Testing System.
See the text for details.

terstimulus interval, stimulus concentration step size,
and rinse times. In its current configuration, the system
is programmed so that only the tastant and the blank com
parison stimuli activate the capacitance sensor, thereby
accurately signaling their time ofdelivery. The program
mable feature also allows for the provision ofa consistent
constant time interval between the blank and the target
stimuli across trials, regardless ofthe different distances
of the solution reservoirs from the tongue within the de
livery system. Without such a provision, confounding
temporal cues that would signal the stimuli involved might
be discerned by the subject.

To assess the flow of stimulus pulses, or boluses,
through the system, as weil as to determine the stimulus
durations, we performed the following two pilot studies.

First, we added blue food dye (McCormick & Co., Hunt
Valley, MD) to the stimuli and found that no discernible
residual solution remained in the system or the applica
tor. Second, we employed conductivity cells, analogous
to those described by Halpern (1985) and Kelling and
Halpern (1986) for their closed flow delivery system, to
measure the programmed stimulus durations. The elec
trodes were two 0.3-mm-diameter platinum wires, set
opposite one another 1-2 mm apart. They were inserted
through the 3.175-mm (10), 6.35-mm (00) Tygon tube
connecting the apparatus to the tongue application at a
distance 2 cm proximal to the applicator.

As in the study by Kelling and Halpern (1986), a I-V,
l-kHz sine wave was sent to the conductivity cell via un
shielded leads, using a balanced constant current circuit.
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Figure 4. Wiring diagram of the Regional Automated Taste Testing System. See the text for details.
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The potential difference between the two electrodes was
measured with a I-MQ input impedance differential pre
amplifier (Tektronix ADA400A) in parallel with the con
ductivity cel!. The output ofthe amplifier was displayed
on an oscilloscope. Solution presentation was always
preceded by a 10-sec deionized water rinse.

Measurements were made to evaluate the nature ofthe
stimulus rise and fall times for the stimulus durations of
0.75, 1.00, and 1.50 sec programmed into the ATCOM.
The conductivities we~ measured for a 3.16-mM con
centration ofNaC!. Aacan be seen in Figure 5, the stim
ulus functions reflected a sharp rise time « 10 msec) and
a more tapered decay time across the three stimulus du
rations. As in the study by Kelling and Halpern (1986),
the stimulus durations estimated from the oscilloscope
tracings were considerably longer (20% to 40%) than the
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Figure 5. Photographs of oscilloscope tracings showing con
ductivity voltages of 3.16l'llM NaCI solution flowing through a
conductivity cell at intendfd pulse durations, from bottom to top,
of 0.75, 1.00, and 1.50 sec. The bar represents 1.0 sec. The con
ductivity cell estimate for the 0.75-sec-duration stimulus was
-1.00 sec, for the 1.00-sec-duration stimulus -1.20 sec, and for
the 1.5-sec-duration stimulus -2.10 sec. Stimulus presentations
were preceded by a 10-sec deionized water rinse.

Stimulus Duration (LoglO ms)

Figure 6. Mean (±SEM) NaCI detection threshold values as a
function of stimulus duration plotted on log-log axes. The four
data points, from left to right, correspond to 0.2-, 0.4-, 0.75-, and
1.5-sec programmed durations. See the text for details. From "In
fluence of Stimulus Duration on a Regional Measure of NaCI
Taste Sensitivity," by R. Bagla, B. K1asky, and R. L. Doty, 1997,
Chemical Senses, 22, p. 173. Copyright 1997 by Oxford Univer
sity Press. Reprinted with permission.

programmed durations, presumably reflecting a delay in
stimulus removal from the Tygon tubing (Figure 5). How
ever, the relative stimulus durations were very accurate.
For example, the percentage oferror between the empir
ically derived 0.75- and I.O-sec-duration stimuli was only
4%, and that between the 0.75- and 1.5-sec-duration
stimuli was 5%.

AN EXAMPLE STUDY USING THE RATTS

The utility ofthe RATTS is clearly demonstrated in a
recent study of 12 college students (mean age = 21.83
years, SD = 2.69), in which NaCI thresholds were de
termined on a 25-mm2 tongue region at programmed
stimulus durations ranging from 0.2 to 1.5 sec (Bagla,
Klasky, & Doty, 1997). A forced-choice two-alternative
single staircase detection threshold paradigm was em
ployed. The stimuli were presented using a two-down,
one-up rule (Levitt, 1970), with the exception that five
consecutive correct responses were required for the first
reversa!. The first stimulus was presented at the 0.36-mM
concentration of NaC!' Subsequent stimuli were pre
sented at half-log steps ranging from 3.16 X 10- 5 M to
3.16 M. Flow rates of 1.6 mI/sec were employed. The
participants were asked to decide which of two trials
(deionized water or a concentration of sodium chloride
[NaCI] dissolved in deionized water [H20 ] ) elicited the
stronger sensation. For each test trial, the blank and NaCI
solutions were presented in random order, with a rinse
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ofdeionized water preceding each test solution. No feed
back as to the correctness ofthe responses was provided.
The intertrial interval was 20 sec. The mean of the last
four of seven reversals served as the threshold estimate.

As is shown in Figure 6, the NaCI thresholds were in
versely related to stimulus duration. This relationship was
weil described by the power function, c = 9.638d- 1l 8,

where c is the molar concentration at threshold and dis
the programmed stimulus duration in milliseconds (r 2 =
.979,p = .011).

SUMMARY

The present paper describes a device that allows für
precise, tempo rally discrete automatie presentation of
taste stimuli of varying concentrations and quality to
smalI, well-defined regions of the tongue. This system,
which overcomes a number ofproblems ofearlier regional
taste-testing techniques, can be used for a variety of ap
plications in which accurate stimulus control is desired.
Applications of this system include not only basic stud
ies of the spatial and temporal properties of gustatory
functions ofvarious tongue regions, but also clinical stud
ies examining subtle taste deficits that otherwise might
go undetected.
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