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Abstract

A series of experiments investigated the nature of metallic taste reports and whether they can be attributed to the development
of a retronasal smell. Two studies showed that the metallic sensation reports following oral stimulation with solutions of FeSO,
were reduced to baseline when the nose was occluded. No such reduction was seen for CuSO, or ZnSO,, which were more
bitter and astringent, respectively, and less metallic. A discrimination test based on weak but equi-intense levels of FeSO, and
CuS0O, showed that FeSO, could be discriminated from water with the nose open but not when occluded, but that discrimin-
ation of CuSO, from water was not impaired by nasal occlusion. A discrimination test demonstrated that the headspace over
solutions of FeSO, was not different from water, although some subjects could discriminate FeSO, solutions from water in the
mouth when the nose was occluded, perhaps by tactile or astringent cues. These results confirm that metallic taste reports
following oral stimulation with FeSO, are likely due to development of a retronasal smell, possibly following a lipid oxidation
reaction in the mouth. However, metallic taste reports may arise from different mechanisms with copper and zinc salts.
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Introduction

Metallic taste has occasionally been proposed as a basic
taste, primary taste or an additional legitimate taste cate-
gory, outside the widely accepted system of four (or five)
basic tastes (see Bartoshuk, 1978). Metallic taste or flavor is
commonly reported as a defect in many foods such as oils,
cereal products, dairy foods and beer (Borocz-Szabo, 1980).
Development of off-flavors presents a challenge to food
scientists who attempt to fortify foods with iron compounds
(Hurrell, 2002). Metallic tastes arise from contact with metal
food packaging (Zacharias and Tuorila, 1979) and
processing equipment (Hunzinger et al, 1929; Bodyfelt et
al., 1988). Metallic taste is reported in burning mouth
syndrome (BMS). Grushka (1987) found metallic taste
reports among a sample of BMS patients to be second only
to bitterness in terms of phantom qualities reported (27%
metallic, 33% bitter and 10% reporting a combination of
bitter and metallic). Metallic sensations are also reported
from anodal electrical stimulation of the tongue along
with sourness and salty tastes (Frank et al., 1986; Frank
and Smith, 1991). For divalent salts such as calcium and
magnesium, one adjective used to describe these compounds
is ‘metallic * (Lawless et al., 2003).

The nature of metallic taste was examined by Hettinger et
al. (1990). Frequency of reports of metallic sensations from
ferrous sulfate solutions in the mouth decreased when the

external nares were occluded. Murphy and Cain (1980)
showed that nasal occlusion effectively eliminates the odor
component of citral solutions placed in the mouth and thus
nasal occlusion is generally taken as a method to eliminate
stimulation from retronasal smells (see also Mozell et al,
1969). The reduction in metallic reports found by Hettinger
et al. (1990) implies a retronasal smell origin of the apparent
metallic taste from FeSO,. However, this pattern may not
occur for other salts. Anecdotal reports from applied
sensory evaluation suggest that the effect of placing a copper
penny in the mouth is a distinct tactile or taste (oral) sensa-
tion in contrast to the effect of rinsing with FeSO, solutions
which is thought to be a retronasal smell (G. Civille,
personal communication). Both of these stimuli (a clean
penny and FeSO, solutions) have been suggested as refer-
ence standards in applied sensory training of descriptive
analysis panels. The possibility of a metallic taste or tactile
sensation that is different for copper as opposed to iron salts
is examined in this report. Metallic taste has also been
reported in response to the nonvolatile intensive sweetener,
acesulfame-K (Schiffman et al., 1985), further supporting
the possibility of a gustatory rather than olfactory origin of
some metallic taste reports.

Whether all metallic tastes are olfactory in nature remains
an open question. We extended the approach of Hettinger et
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al. (1990) by employing intensity ratings, rather than
frequency counts of qualitative reports. We further included
other divalent salts, including copper sulfate, calcium sulfate
and zinc sulfate. Discrimination of copper and iron salts
from water was tested with and without nasal occlusion, to
provide a semantic-free check on the intensity scaling
results. Finally, we examined the perception of the head-
space over ferrous sulfate solutions to examine whether
there was any perceivable orthonasal smell. None was
evident.

Experiment 1: evaluation of ferrous sulfate,
copper sulfate and calcium sulfate with and
without nasal occlusion

The purpose of this study was to re-examine the finding of
Hettinger er al. (1990) using intensity ratings rather than
simple yes/no quality reports and to examine whether a
similar effect is seen for other divalent salts (copper and
calcium). Control conditions were included to test the effect-
iveness of the nasal occlusion in reducing retronasal aroma
perception. These included a stimulus containing lemon
odor (flavor) which was expected to be reduced or elimin-
ated by nasal occlusion, a sucrose solution which was
expected to be unaffected, and their mixture.

Methods

Subjects

Twenty-four healthy adults were recruited from the Cornell
University campus. Informed consent was obtained and a
token incentive was paid at the end of the second session. No
subjects had any reported problems in taste or smell.

Materials

Solutions consisted of: deionized water; 0.1 M sucrose;
0.05% natural lemon flavor (David Michael & Co., Philadel-
phia, PA); a mixture containing 0.1 M sucrose and 0.05%
lemon flavor; 0.0003 M and 0.003 M FeSO,; 0.03 M and
0.1 M CaSO,; and 0.0003 M and 0.001 M CuSO,. Calcium
sulfate solutions were near their solubility limit so the higher
concentration is approximate. Rinse water and cups for
expectoration were provided. Unsalted crackers and water
rinses were provided as palate cleansers between samples.
The 15 ml samples were presented at ~22°C. Concentrations
of iron and copper sulfate were chosen on the basis of pilot
work to produce similar overall perceived intensities.

Procedure

Instructions and responses were communicated via Compu-
sense Five (Guelph, Ontario, Canada). The random orders
of samples and random blinding codes were provided by the
Compusense program. Panelists participated in two condi-
tions: one in which the samples were tasted and expectorated
with the nose open to allow retronasal aroma perception
and the second in which Speedo® swimmer’s noseplugs were

worn to eliminate retronasal smell. Subjects were instructed
to place and wear the noseplugs so that they permitted no
airflow from attempts at nose breathing. Order of the two
nasal conditions was counterbalanced.

Panelists were untrained and naive as to the hypotheses of
the study. They were given one practice questionnaire with a
sample of 0.1 M sucrose. Perceived intensity was rated on a
15 point anchored category scale with boxes labeled only
as ‘no taste’ at the left end (=1) and ‘extremely strong taste’
at the right end (=15). Ratings were indicated by checking
a box with the computer mouse. Scales were labeled with
the word bitterness, sweetness, metallic, lemony, salty, or
‘other.’

Data were exported to a spreadsheet and then analyzed
using SYSTAT 5.0 for basic statistics and analyses of vari-
ance (ANOVA). ANOVAs were conducted on the six ionic
samples (chemical, level and nose condition as fixed factors,
subjects random, a mixed model with repeated measures)
and on the sucrose, lemon, water and mixture samples
(sucrose level (present/absent), lemon level (present/absent)
and nose condition as fixed factors, subjects random). Crit-
ical alpha levels were set at 0.01 and obtained P-values were
less unless reported otherwise.

Results

Means for the six ionic samples are shown in Figure 1 for
metallic and bitter responses. Other reported tastes were low
and near the level for water. The three chemicals differed in
metallic taste and also with level [interaction F(2,42) = 5.40],
with FeSO, being the most metallic.

Nasal occlusion markedly lowered metallic ratings of
FeSO,, but left the other stimuli largely unchanged [nose
condition by substance interaction F(2,42) = 17.19]. The
1 mM CuSO, stimulus was rated as metallic even with the
nose closed [compared with water, paired #(24) = 2.87, P =
0.009; sign test P = 0.008]. Bitterness ratings were highest for
CuSO, and increased for this substance as a function of
concentration [interaction F(2,46) = 7.26]. A small effect of
nasal occlusion was seen for bitterness [F(1, 23) = 5.52]. This
decrease was in the range of 15-20% as opposed to a much
larger 50-75% decrease for metallic ratings of FeSO,.

The control conditions demonstrated the effectiveness of
the noseclips in minimizing retronasal smell. ‘Lemony’
ratings decreased when the nose was closed for the samples
containing lemon flavor (Figure 2) although some residual
impression was left in the mixture [interaction of nose condi-
tion by lemon factor F(1,23) = 39.8]. Sweetness intensity was
largely determined by the presence of sucrose, although
there was a slight enhancement with lemon flavor alone, a
case of gustatory referral [interaction of sucrose by lemon
flavor F(1,23) = 37.63]. There was a small reduction in
sweetness with nasal occlusion, largely due to the reduction
in referred sweet taste in the lemon-only sample [F(1,23) =
5.58]. Overall, the reduction in intensity ratings for the vola-
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Figure 1 Mean intensity ratings + 1 SE for metallic and bitter ratings for

ferrous, cupric and calcium sulfate. A significant decrement in metallic
intensity was noted for FeSO4 but no other compounds or for bitterness
ratings.

tile lemon flavor showed the expected elimination of olfac-
tory sensations.

Experiment 2: evaluation of ferrous sulfate,
copper sulfate and zinc sulfate with and
without nasal occlusion

The purpose of this study was to replicate the conditions
seen in Experiment 1 but with use of a labeled magnitude
scale (LMS) instead of a category scale. Recent arguments
have proposed that the LMS is a more valid and sensitive
scaling method and helps provide a stable frame of reference
between subjects (Bartoshuk, 2000). We also examined
another divalent metallic salt, zinc sulfate. The properties of
ZnSO, had been recently studied by Keast (2003), but he did
not evaluate metallic taste. One additional modification was
to provide training with reference standards for the rated
attributes as is commonly done in applied sensory testing, to
help align the participants’ concepts for the different taste
words (Lawless and Heymann, 1998). A deionized water
control stimulus was also introduced.
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Figure 2 Control conditions for Experiment 1. Mean intensity ratings +
1 SE for 0.1 M sucrose, 0.05% lemon flavor and their mixture. Nasal
occlusion decreased intensity ratings of lemon stimuli but not sweetness of
sucrose.

Methods

Subjects

Twenty-eight healthy adults (15 male,13 female, ages 19-34)
were recruited from the Cornell community. Informed
consent was obtained and a token incentive was paid at the
end of testing. None had any reported problems in taste or
smell.

Materials

Reference solutions consisted of deionized water, 0.003 M
FeSO, for metallic, 0.00009 M quinine sulfate for bitterness,
0.32 M NacCl for salty, 1% monosodium glutamate for
umami, 0.019 M citric acid for sour and 1 g/l aluminum
ammonium sulfate (alum) for astringency. Following pilot
testing to establish approximately equal perceived sensory
intensity, the following concentrations and solutions were
used in the final test: 1 and 3 mM FeSO,, 0.3 and 1 mM
CuSO, and 0.3 and 3 mM ZnSO, plus deionized water
(16.5-18 MQ resistance, with 0.2 um filter). Rinse water and
cups for expectoration were provided. Unsalted crackers

2T0Z ‘€ J800100 uo 19Nn6 Aq /B10°sfeulnofpiojxo aswayd//:dny wouj papeojumoq


http://chemse.oxfordjournals.org/

28 H.T. Lawless et al.

were provided and the use of rinses and crackers as palate
cleansers between samples was encouraged. The 15 ml
samples were presented at ~22°C in random order and
labeled with three-digit random codes. Samples were made
the day before testing and stored at 6°C. Spring water served
as the rinse. Pacing in the formal test was approximately two
samples per minute with at least 30 s for rinsing between
samples.

Procedure

Subjects were first given the reference solutions for training
and were familiarized with the procedure. Blind presenta-
tion of the samples followed and they were questioned as to
the main attributes of the samples. Retasting was done if
mistakes were made until the subject could correctly match
the reference sample to its primary training word. Testing
proceeded in the same session in isolated test booths. Data
were collected using Compusense Five (Compusense,
Guelph, Ontario, Canada). Subjects rated the intensity of
the attributes metallic, bitter, astringent and sour on a
labeled magnitude scale (Green et al., 1993) with the upper
end anchor representing the strongest imaginable sensation.
An ‘other’ category was provided for any sensations beyond
the four labeled scales. Pilot testing showed that these four
words were most frequently chosen to describe the stimuli
and that others were rarely used. Two counterbalanced
conditions were tested, one with the nose open and one with
the nose occluded by nose clips (Spiro No. 2110; Spiro-
metrics Medical Equipment, Grey, ME).

Data were exported to a spreadsheet and then analyzed
using SYSTAT 5.0 for basic statistics and ANOVA.
ANOVAs were conducted on the seven samples by two
nasal conditions (fixed factors, subjects random, a mixed
model with repeated measures). All F-tests were confirmed
by MANOVA (Wilk’s lambda). Comparisons of specific
means were done with Bonferroni-corrected paired z-tests.
Critical alpha levels were set at 0.05 and obtained P-values
were <0.05 unless reported otherwise.

Results and discussion

Figure 3 shows a reduction in metallic ratings of FeSO, with
nasal closure. This reduction was not evident for any other
test compound [condition X compound interaction, F(6,162)
= 8.97]. No significant reductions in bitter or astringent
ratings was seen as a function of nasal condition, nor any
interaction effects. The compounds differed in bitterness
[F(6,162) = 9.60] with ratings higher than the water control
for the higher levels of CuSO, and ZnSO,. The same was
true for astringency [F(6,162) = 10.48]. Ratings for sour (not
shown) were low and not different from water, except for the
higher level of CuSO, [mean of 10.2 versus 4.8, #(27) = 2.52].

As seen in Experiment 1, FeSO, was unique in producing
a metallic response that was greatly reduced by nasal
closure, implicating a retronasal olfactory origin of this
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Figure 3 Mean intensity ratings + 1 SE for metallic and bitter ratings for
ferrous, cupric and zinc sulfate. A significant decrement in metallic intensity
was noted for FeSO, when the nose was occluded.

apparent taste property. The effect persisted in spite of
methodological changes in scaling and instructions.

Experiment 3: discrimination of ferrous sulfate
and copper sulfate from water with and
without nasal occlusion

This experiment was conducted to examine whether weak
solutions of FeSO, and CuSO, could be discriminated from
water when the nose was open or closed. If FeSO, could be
discriminated on the basis of a retronasal smell, then the
discrimination should become more difficult or impossible
when the nose is occluded. Also this discrimination test (the
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duo-trio procedure) is a matching-to-standard task and
does not rely on any semantic label such as ‘metallic’.

Methods

Subjects

Fifty-four participants (age 19—35 mean of 25 years, 19 male,
35 female), mostly students, were recruited from the Cornell
campus. All were non-smokers and free from anosmia by
self-report. Subjects were untrained and naive to the
purposes of the study. Informed consent was obtained and a
token incentive paid at the conclusion of the study.

Materials

Test solutions consisted of the following compounds and
concentrations: 0.5 mM FeSO,, 0.3 mM CuSO,, 0.1 M
sucrose and 0.03% natural lemon flavor (David Michael &
Co., Philadelphia, PA). Chemical stimuli were reagent grade
and prepared daily in deionized water. Concentrations were
chosen to find a low level confusable with water. Solutions
were presented as 20 ml samples in 60 ml cups at room
temperature, ~22°C. Solutions were made the same day as
testing. Deionized water served as the rinse.

Procedure

Subjects completed eight duo—trio tests in a single session,
four compounds in two conditions. The duo-trio test
presented a reference sample for inspection and then a pair
of samples to be discriminated, one of which matched the
reference. In one condition, the four tests against water were
performed with the nose open and in a second condition,
with the nose closed by Speedo® swimmer’s nose clips.
Subjects rinsed twice with deionized water before beginning
the test and between each stimulus. After the iron and
copper salts, they also rinsed with 0.005 M sucrose to help
eliminate carry-over effects and lingering tastes (Zacarias et
al., 2001). The sucrose rinse was not used with the other
samples as they were easily removed from mouth and left
little or no residual sensations. All samples were sipped and
expectorated. Order of testing conditions was counter-
balanced as were orders of presentation. Order of the test
stimuli was randomized. Sessions were conducted on a one-
to-one basis to insure that subjects rinsed. Responses were
given verbally and recorded. The total duration of a session
was ~15 min.

Numbers correct were compared to binomial tables
(Lawless and Heymann, 1998) for statistical significance
above chance. Differences between conditions were
compared using the IFProgram for comparison of d” values
(Institute for Perception, Richmond, VA, 2003; see Bi et al.,
1997).

Results and discussion

Numbers of correct responses and d” values are shown in
Table 1. In the nose open condition, all stimuli were
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Table 1 Numbers of correct judgments and d” values

0.5 mM 0.3 mM 0.1 M 0.05%
FeSO, CuSO, sucrose Lemon
Nose open
Number correct 41a 34a 34a 51a
d’ 2.08b 1.30 1.30 3.95b
Nose closed
Number correct 28 43 a 32 28
d’ 0.45 2.33 1.07 0.45
n = 54.

aAccording to binomial tables, 34 or more correct judgments are
significantly above chance.
bSignificant difference from the closed condition, P < 0.05.

discriminated from water. As expected, the lemon sample
was easily discriminated from water (51/54 correct) and
closing the nose eliminated discrimination (28/54, not
different from chance). FeSO, was also not discriminated
from water when the nose was closed, consistent with the
notion that a retronasal smell develops when FeSO, is intro-
duced in the mouth. A very different pattern was seen for
CuSO, which was discriminated from water both the with
nose open and closed. Sucrose was discriminated at about
the same level in both conditions (32/54 and 34/54, no differ-
ence in d’ values).

The cues in the discrimination of copper from water are
unclear but could involve taste or tactile sensations. As
shown in Experiment 1, CuSO, has some metallic taste that
is not eliminated by nasal closure. CuSO, has some bitter
and astringent properties so it is possible that a taste or
tactile cue is present. Thresholds for copper salts were not
affected by nose closure in a previous study (Zacarias et al.,
2001). The emergence of different sensory qualities may be
concentration-dependent. Sensory cues may change as
concentration increases. Future work should examine
discrimination across a range of concentrations of both test
compounds, with explanatory corroboration by scaling or
descriptive analysis by the same test subjects to see what
sensory cues are available.

Experiment 4: discrimination of ferrous sulfate
from water by sniffing and by tasting with nasal
occlusion

The metallic ratings seen in Experiments 1 and 2 could have
resulted from an orthonasally perceived metallic smell
originating from the solutions and perceived as they were
sipped, before they entered the mouth. To examine this
possibility a discrimination test was conducted comparing
the headspace over FeSO, solutions to a water control. The
purpose of this experiment was to see whether any metallic
smell could be detected orthonasally over the headspace of
FeSO, solutions. A concentration halfway between the two
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stimuli use in Experiment 1 was employed, which would be
expected to produce a clear retronasal metallic sensation.
Solutions were also tasted with the nose occluded to see if
there were any residual sensations from FeSO, once the
smell was eliminated. As in Experiment 1, sucrose and
lemon flavor controls were included for comparison. Taste
and odor intensity ratings were also obtained to provide a
more direct comparison to Experiments 1 and 2.

Materials and methods

Subjects

Fifty healthy adult subjects (16 male, 34 female, ages 19-75,
mean 27.9, SD 11.4 years, three smokers) with no self-
reported problems in smelling participated. Informed
consent was obtained and a token incentive was paid.

Stimuli

Stimuli consisted of 0.1 M sucrose, 1 mM FeSO,, 0.05%
lemon aroma and deionized water which also served as the
diluent. Samples that were sniffed in the same-different task
were 200 ml samples in ~500 ml opaque plastic bottles with
a flip-top lid. Samples rated for odor intensity were kept in
120 ml amber glass jars with teflon lined caps and allowed to
equilibrate between sampling. All bottles were cleaned by
rinsing four times with methanol, ethanol and deionized
water. Tasted samples were 20 ml in 60 ml plastic cups
served at ~22°C. Subjects rinse three times with deionized
water between tastings. All samples were labeled with
random three-digit codes.

Procedure

Two conditions were employed, sniffing and tasting with the
nares pinched shut by a Speedo® swimmer’s nose clip. In
both conditions, subjects performed a simple same/different
judgment, comparing each stimulus to a deionized water
control. The same/different procedure compares favorably
in sensitivity and power to other general discrimination tests
such as the triangle or duo-trio procedure (Rousseau et al.,
1998). A replicate judgment was performed. The frequency
of judgments of ‘different” when water was compared to
itself was used as a baseline for statistical comparisons using
binomial tests with P < 0.05 as a criterion, with replicates
analyzed separately.

In a separate session, subjects (n = 49) sniffed the head-
space over the solutions in brown glass jars and rated odor
intensity on a 15-point anchored category scale (no odor =
1, very strong odor = 15). They also rated taste intensity
with the nose occluded on a 15-point anchored category
scale (no taste = 1, very strong taste = 15). Data from the
intensity ratings were analyzed by repeated-measures
ANOVA with stimulus and condition (taste/odor) as factors
and subjects random. Tukey/Kramer tests were used for
comparisons of means.

Table 2 Frequency of ‘different’ judgments in the same—different test

T mM 0.1 M 0.05% Water
FeSO, sucrose Lemon
Taste (nose closed)
Rep 1 23 50a 21 13
Rep 2 28a 50a 16 10
Smell (headspace)
Rep 1 21 21 48a 19
Rep 2 10 15 49a 16

n = 50.
aSignificant difference from the water condition for that replicate,
P < 0.05.

Results and discussion

Frequency counts of ‘different’ judgments are shown in
Table 2. In the smell condition, only the lemon odor was
judged ‘different’ from water at a higher rate than water
compared to itself (binomial tests, P < 0.001). The smell of
sucrose compared to water and of FeSO, compared to water
was not different from the water compared to itself. In the
nose-closed tasting condition, the sucrose was judged
‘different” more often than the water compared to itself, as
expected. The FeSO, sample also was called ‘different’ with
significantly higher frequency than the water control,
although this discrimination was by no means universal
(lower than the sucrose control, binomial tests, P < 0.05).
Rating data (Figure 4) were consistent with Experiments 1
and 2. Rated taste intensity of the FeSO, solution was not
different from water when tasted with the nose closed and
only sucrose showed a significantly higher taste rating. Odor
ratings over the headspace of the solutions were not
different from water [except for the lemon odor, interaction
F(3,144) = 121.5, P < 0.001]. Although there appears to be
little or no smell to a solution of FeSO,, in the mouth there
are still cues that allow at least some individuals to distin-
guish it from water, even without retronasal smell. As there
was no difference in taste intensity from water, the same/
different results are likely to be due to a mouthfeel cue.
Mixtures of FeSO, with saliva develop a white flocculent
precipitate, possibly showing that FeSO, will precipitate
salivary proteins, an action that is associated with causing
an astringent sensation (Kallikathraka et al., 2001; Horne et
al., 2002).

General discussion

These results confirm the original finding of Hettinger ef al.
(1990) implying a retronasal olfactory metallic sensation
following stimulation with FeSO,. Whether other metals
and metal salts share this mechanism is open and the possi-
bility exists of other tastes or mouthfeel sensations being
labeled as metallic. One subject in Experiment 1 reported the
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Figure 4 Mean intensity ratings + 1 SE for taste intensity (nose
occluded) and odor intensity (orthonasal, sniffed over the headspace) for
0.1 M sucrose, 0.05% lemon extract, T mM FeSO, and deionized water.

taste of both CuSO, solutions to produce a ‘metallic feeling
on the tongue, not a taste’ (italics inserted). This subject
refused to rate CuSO, as metallic above zero and used an
open-ended ‘other’ category to report this observation.
Whether an oral sensation from copper sulfate is tactile or
gustatory in nature could be tested by stimulating nongusta-
tory areas, an approach taken by Green (1993) and Breslin
et al. (1993)to argue that astringency is tactile rather than
gustatory. Qualitative observations in our laboratory
indicate that a cut copper penny (post-1981) with an exposed
the zinc core, produces a metallic, sour, electrical sensation
that is much stronger than simply placing a clean intact
copper penny in the mouth. This sensation, derived from
metals with different electrical potentials, may bear some
resemblance to the sensations from anodal stimulation. We
plan to examine the possible resemblance of chemical and
anodal electrical stimulation using descriptive analysis
methods (Lawless and Heymann, 1998).

Because there is little or no orthonasal smell in the head-
space over FeSO, solutions it is possible that metallic
smelling compounds develop in the mouth perhaps by
FeSO, catalysis of lipid oxidation. Such a process is
consistent with observations from the food literature
showing development of metallic smelling compounds from
oxidation of linoleic acid or similar precursors. Gas chroma-
tographic sniff-port analysis points to several compounds in
foods and beverages having metallic aroma, including trans-
4,5-epoxydecenal, (Z)-1,5-octadien-3-one and 1-octen-3-one
(Guth and Grosch, 1990; Hinterholzer and Schieberle, 1998;
Hinterholzer et al., 1998; Buettner and Schieberle, 1999).
These compounds are similar to well-known unsaturated
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carbonyl compounds which are aromatic end-products of
lipid oxidation in foods that is catalyzed by exposure to
metals such as copper or iron, causing unpleasant flavors.
Trans-4,5-epoxydecenal itself has been proposed as an
oxidation product of linoleic acid (Guth and Grosch, 1990).
It is therefore conceivable that the metallic taste noted after
rinsing the mouth with FeSO, is also due to the production
of aromatic compounds resulting from the oxidation of
lipids or phospholipids in saliva. The compounds found
in GC analysis have very low thresholds (very high odor
potency). Even a small amount of phospholipid from cell
membranes of sloughed epithelial cells could provide an
adequate substrate for iron catalyzed oxidation. The
odor thresholds for epoxydecenal have been estimated at
0.12 ug/l (0.12 p.p.b.) in water orthonasally and 0.015 pg/l
(0.015 p.p.b.) retronasally (Buettner and Schieberle, 2001).
The lower retronasal threshold is of some importance if this
compound is indeed one of the causes of metallic ‘taste’.

Lipid oxidation and the special case of metallic flavor
should be differentiated. In dairy science, a well-known
flavor defect occurs due to oxidation of milk fats (especially
phospholipids) following exposure to metals or metal salts.
Due to a tendency to name such defects after their origins or
mechanisms, some confusion arises as to the perceptual
nature of oxidized defects, which are variously described as
papery, cardboard-like, painty, tallowy, fishy and metallic.
Bodyfelt et al. (1988) in their extensive treatise on sensory
properties of dairy products, suggest differentiation of
oxidized flavor notes and metallic off-flavor, stating ‘consid-
eration should also be given to the metallic off-flavor which
is frequently differentiated from the oxidized defect. The
metallic defect is characterized by an astringent, metallic
sensation which is similar to that observed when an iron nail
or metal foil is placed in the mouth’ (p. 72). They go on to
cite an early study by Hunzinger et al. (1929), who examined
a variety of metals and alloys used in dairy processing and
found iron and copper to be the most detrimental. Copper
lactate, for example, was reported to have bitter, puckery,
astringent and metallic taste. The reference by Bodyfelt ez al.
(1988) to metals placed in the mouth is also consistent with
the use of a copper penny as a reference standard and that
this sensation may be different from the retronasal smell
evoked by FeSO,.

The semantic and conceptual boundaries of what consti-
tutes a metallic sensation remain unclear at this time. Note
that the metallic response to CuSO,, which was seen in
Experiment 1, was absent from Experiment 2 in which
FeSO, was introduced in a training session as a metallic
reference standard (no such standards were given in Experi-
ment 1). The presentation of FeSO, as a specific and single
reference may have narrowed a participant’s conceptualiz-
ation of what constitutes a metallic sensation. It is also
possible that some other sensations were mentally added
into the metallic ratings in Experiment 1 due to the
untrained naive subjects, a phenomenon commonly referred
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to as ‘dumping’. However, the use of a number of taste and
odor scales argues against this effect playing a major role.

Further work is warranted on this important conceptual
issue. Methods from applied sensory evaluation may be
able to tease apart the semantics used to describe sensa-
tions from copper and iron salts (Civille and Lawless, 1986).
Descriptive analysis methods use trained panels to evaluate
food products in applied sensory testing (see Lawless and
Heymann, 1998). The training is based on the development
of a consensus vocabulary and use of physical reference
chemicals (examples) to provide phenomenological anchors
for the sensation descriptors. A panel leader may act as a
guide and assist in the procurement of reference materials,
but the development of the descriptive terminology rests in
the panelists, their deliberations/discussions and their selec-
tion of references. Careful development of a lexicon for a
category of related sensations can shed light on the nature
and extent of cues that subjects respond to when asked to
rate the intensity of a particular sensation. This approach
has proven useful in describing other complex sensory
attributes. For example, terminology exploration for astrin-
gent sensations indicated that several sub-cues, such as
drying, roughness and puckery/drawing sensations, can
contribute to the overall impression (Lee and Lawless, 1991;
Lawless and Corrigan, 1994). Green (1993) argued that
these cues were one important piece of evidence that astrin-
gency was tactile and not gustatory in nature. A similar
approach for metallic taste could clarify the nature, extent
and overlap of metallic qualities.

Acknowledgements

Supported by Federal Formula Funds (Hatch), NYS 143-312. We
thank Russell Keast for helpful discussion and for the idea of using
a cut copper penny.

References

Bartoshuk, L.M. (1978) History of taste research. In Carterette, E.C. and
Friedman, M.P. (eds), Handbook of Perception. IVA, Tasting and Smell-
ing. Academic Press, New York, pp. 2-18.

Bartoshuk, L.M. (2000) Comparing sensory experiences across individu-
als: recent psychophysical advances illuminate genetic variation in taste
perception. Chem. Senses, 25, 447-460.

Bi, J., Ennis, D.M. and O’Mahony, M. (1997) How to estimate and use
the variance of d’ from difference tests. J. Sensory Stud., 12, 87-104.

Bodyfelt, F.W., Tobias, J. and Trout, G.M. (1988) Sensory Evaluation of
Dairy Products. Van Nostrand/AVI, New York.

Borocz-Szabo, M. (1980) The influence of iron contamination on the
sensory properties of liquid foods. Acta Alimentaria, 9, 341-356.

Breslin, P.A.S., Gilmore, M.M., Beauchamp, G.K. and Green, B.G.
(1993) Psychophysical evidence that oral astringency is a tactile sensa-
tion. Chem. Senses, 18, 405-417.

Buettner, A. and Schieberle, P. (1999) Evaluation of key aroma
compounds and hand-squeezed juice of grapefruit. J. Agr. Food Chem.,
47,5189-5193.

Buettner, A. and Schieberle, P. (2001) Characterization of the most odor
active volatiles in fresh hand-squeezed grapefruit juice (Citrus paradisi

Macfayden) by quantitation and flavor reconstitution experiments. J.
Agr. Food Chem., 49, 1358-1363.

Civille, G.V. and Lawless, H.T. (1986) The importance of language in
describing perceptions. J. Sensory Stud., 1, 203-215.

Frank, M.E. and Smith, D.V. (1991) Electrogustometry. In Getchell, T.V.,
Bartoshuk, L.M., Doty, R.L. and Snow, J.B. (eds), Smell and Taste in
Health and Disease. Raven Press, New York, pp. 503-514.

Frank, M.E., Hettinger, T.F., Herness, M.S. and Pfaffmann, C. (1986)
Evaluation of taste function by electrogustometry. In Meiselman, H.R.
and Rivlin, R.S. (eds), Clinical Measurement of Taste and Smell.
Macmillan, New York, pp. 187-199.

Green, B.G. (1993) Oral astringency: a tactile component of flavor. Acta
Psychol., 84, 119-125.

Green, B.G., Shaffer, G.S. and Gilmore, M.M. (1993) Derivation and evalu-
ation of a semantic scale of oral sensation magnitude with apparent
ratio properties. Chem. Senses, 18, 683-702.

Grushka, M. (1987) Clinical features of burning mouth syndrome. Oral
Surgery, 63, 30-36.

Guth, H. and Grosch, W. (1990) Comparison of stored soya-bean and
rapeseed oils by aroma extract dilution analysis. Lebens. Wiss. u-Tech-
nol., 23, 59-65.

Hettinger, T.P., Myers, W.E. and Frank, M.E. (1990) Role of olfaction in
perception of non-traditional ‘taste’ stimuli. Chem. Senses, 15, 755-
760.

Hinterholzer, A. and Schieberle, P. (1998) /dentification of the most
odour active volatiles in fresh, hand-extracted juice of valencia late
oranges by odour dilution techniques. Flav. Frag. J., 13, 49-55.

Hinterholzer, A., Lemos, T. and Schieberle, P. (1998) /dentification of
key odorants in raw french beans and changes during cooking. Z. Leb-
ens. Unters. Forsch. A, 207, 219-222.

Horne, J., Hayes, J. and Lawless, H.T. (2002) Turbidity as a measure of
salivary protein reactions with astringent substances. Chem. Senses, 27,
653-659.

Hurrell, R.F. (2002) Fortification: overcoming technical and practical
barriers. J. Nutr., 132, 8065-812S.

Hunzinger, O.F., Cordes, W.A. and Nissen, B.H. (1929) Metals in dairy
equipment. Metallic corrosion in milk products and its effect on flavor.
J. Dairy Sci., 12, 140-181.

Kallikathraka, S., Bakker, J. , Clifford, M.N. and Vallis, L. (2001) Cor-
relations between salivary protein composition and some Tl parameters
of astringency. Food Qual. Pref., 12, 145-152.

Keast, R.S.J. (2003) The effect of zinc on human taste perception. ). Food
Sci., 68, 1871-1877.

Lawless, H.T. and Heymann, H. (1998). Sensory Evaluation of Food,
Principles and Practices. Aspen, Fredericksburg, MD.

Lawless, H.T. and Corrigan, C.J. (1994) Semantics of astringency. In
Olfaction and Taste XI. Springer, Tokyo, pp. 288-292.

Lawless, H.T., Rapacki, F., Horne, J. and Hayes, A. (2003) The taste of
calcium and magnesium salts and anionic modifications. Food Qual.
Pref., 14, 319-325.

Lee, C.B. and Lawless, H.T. (1991) Time-course of astringent materials.
Chem. Senses, 16, 225-238.

Mozell, M.M., Smith, B.P., Smith, P.E., Sullivan, R.J., Jr and Swender,
P. (1969) Nasal chemoreception and flavor identification. Arch.
Otolaryngol., 90, 131-137.

2T0Z ‘€ J800100 uo 19Nn6 Aq /B10°sfeulnofpiojxo aswayd//:dny wouj papeojumoq


http://chemse.oxfordjournals.org/

Murphy, C. and Cain, W.S. (1980) Taste and olfaction. independence vs.
interaction. Physiol. Behav., 24, 601-605.

Rousseau, B., Meyer, A. and O’'Mahony, M. (1998) Power and sensitiv-
ity of the same-different test: comparison with triangle and duo—trio
procedures. J. Sensory Stud., 13, 149-173.

Schiffman, S.S., Crofton, V.A. and Becker, T.G. (1985) Sensory
evaluations of soft drinks with various sweeteners. Physiol. Behav., 34,
369-377.

Metallic Taste and Retronasal Smell 33

Zacarias, l., Yanez, C.G., Araya, M., Oraka, C., Olivares, M. and Uauy,
R. (2001) Determination of the taste threshold of copper in water.
Chem. Senses, 26, 85-89.

Zacharias, R. and Tuorila, H. (1979) Der Reiz- und Erkennungsschwellen-
wert fur Metallverbindungen in verscheidenen Priifmedien [Taste
thresholds for metallic salts in different media]. Lebens. Wiss. u-Tech-
nol., 12, 36-40.

Accepted November 6, 2003

2T0Z ‘€ J800100 uo 19Nn6 Aq /B10°sfeulnofpiojxo aswayd//:dny wouj papeojumoq


http://chemse.oxfordjournals.org/

