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We live in different taste worlds. Some (nontasters) are taste blind to a family of 

bitter compounds, (e.g., 6-n-propylthiouracil, PROP). Modern psychophysical tech-

niques have revealed that nontasters perceive the weakest tastes from most subs-

tances; a subgroup of tasters who perceive the strongest tastes are called

supertasters. Anatomical links (peripheral and central) between taste and oral

somatosensation mean that supertasters perceive heightened oral burn (e.g., from

chilis) and oral touch (e.g., from fats and thickeners in foods). Of special importance,

the incidence of supertasting varies with sex and race (higher for females and

Asians). Hormonal variation alters taste (particularly bitter) in human females.

Perceived intensity of bitterness varies with the menstrual cycle, rises to a maxi-

mum early in pregnancy and declines after menopause. This pattern would contri-

bute to healthy pregnancies by enhancing the bitterness (and thus avoidance) of

toxins at a critical stage in pregnancy. Interestingly, although bitterness is stable in

females until menopause, bitterness declines steadily with age in males. This may

be linked to pathology. The neurons mediating bitterness are the smallest and

most vulnerable to injury. For example, viral infection and head trauma, common

causes of taste loss, take the greatest toll on bitterness. Incidentally, taste loss is

associated with burning mouth syndrome (BMS), a severe pain disorder that afflicts

primarily postmenopausal women. BMS results because taste normally inhibits oral

pain. Loss of taste in supertasters releases that inhibition leading to centrally-

generated oral pain. This is treated with low doses of the antiepileptic clonaze-

pam. To study variation in sensation and preference we must have methods that

provide valid comparisons across groups of interest. Adjective-labeled (e.g.,

"weak," "strong") scales may be invalid for such comparisons, because the adjec-

tives do not always reflect the same sensations or preferences to all groups.

Magnitude matching and a modification of Green's Labeled Magnitude Scale

have proved successful in revealing taste differences. 
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Measurement Issues

Aging, hormonal changes, genetics and interactions with the environment affect

oral sensations and thus food/beverage preferences. Variation in sensory or hedo-

nic experience is relatively easy to measure within individuals but is extremely 

difficult to measure across individuals. Comparisons across individuals are valid

only if ratings are made relative to a standard that is equally intense to all. How do

we find such a standard? We must make judicious assumptions. It is very difficult

to make such assumptions concerning individuals; however, it is somewhat easier

to make assumptions concerning groups. 

Historically, there have been two types of standards: intensity adjectives (e.g., weak,

moderate, very strong) and actual stimuli. We will provide a brief history of these as

well as examples of valid comparisons of sensory experiences across individuals. 

Adjective-Labeled Rating Scales

The adjective-labeled self-rating scales (Likert, category, visual analogue) have a

variety of historical origins too lengthy to review here. However, it is important to

note that most of the pioneers who developed those scales were aware of their

limitations; the early usage was generally confined to within-subject comparisons

or across-group comparisons in which subjects were assigned randomly to groups.

Later, investigators began to use those scales to make across-group comparisons.

These would be valid if the adjectives meant the same perceived intensity to all.

But intensity adjectives (e.g., "weak," "medium," "strong") have no absolute mean-

ing until they are applied to a specific domain. S.S. Stevens (1) made this point

more than forty years ago: "Mice may be called large or small, and so may ele-

phants, and it is quite understandable when someone says it was a large mouse

that ran up the trunk of the small elephant." 

If individuals in two groups live in different sensory worlds, members of each group

will stretch or compress their adjective-labeled scales to fit their worlds; the abso-

lute intensities reflected by the adjectives will be different. 

Research on genetic variation in the ability to taste provides insights into the

magnitude of the relative meanings of adjectives. Fox (2) discovered that indi-

viduals can be classified as nontasters or tasters based on whether or not they can

taste certain bitter compounds (including 6-n-propylthiouracil or PROP). We dis-

covered that tasters can be further divided into two groups (medium tasters and

supertasters) based on how bitter PROP tastes (3). Nontasters, medium tasters and



supertasters live in different taste worlds: nontasters experience the weakest tastes

and supertasters, the most intense.
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REVERSAL ARTIFACT
(shown by dashed lined)

Figure 1 - The left side illustrates the actual differences across the taste worlds of nontasters
(NTs), medium tasters (MTs) and supertasters (STs). The right side illustrates the conse-
quences of assuming incorrectly that all three groups live in the same taste world.
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Figure 1 illustrates reality (left side) versus the incorrect assumption that all live in the

same taste world (right side). The consequences of the incorrect assumption depend

on the degree to which a given stimulus varies with PROP status. On the left, A re-

presents a stimulus that shows a large PROP effect; supertasters perceive the most

intense tastes, medium tasters less and nontasters the least intense tastes. B through

D represent stimuli showing progressively smaller PROP effects. E represents a sti-

mulus that shows no PROP effect at all. The incorrect assumption that "very strong"

is equal to all distorts the PROP effects. On the right, A and B still show PROP effects,

albeit smaller than they actually are. C erroneously shows no PROP effect at all. For

D and E we see a reversal artifact; stimuli actually appear to be the most intense to

nontasters. This explains the occasional reversals seen in PROP studies; these are

cases in which nontasters appear to experience more intense tastes than do tasters

(e.g., (4), Fig. 3; (5), Fig. 5; (6), Fig. 3; (7), Fig. 4). It also explains why some studies fail

to find sweet effects (compare C on the left and right sides of Figure 1) (e.g., (6, 7)).



S.S. Stevens and the Development of the "New Psychophysics"

The psychophysics of the nineteenth century was focused on the threshold.

Fechner (8) tried to use the concept of the "just noticeable difference (jnd)" (the

amount a stimulus had to be increased in order for the subject to perceive a change)

to create a scale for perceived intensity. The jnd was the scale unit and the percei-

ved intensity of a stimulus was the number of jnds necessary to get from threshold

to that stimulus. But S.S. Stevens put a dramatic end to this by noting that if the

jnd were an appropriate unit of sensory intensity, then the jnd scale would have

ratio properties; it did not. For example, a tone 20 jnds above threshold is much

more than twice as loud as a tone 10 jnds above threshold (9). 

Stevens generated the "New Psychophysics" by developing methods that did

have ratio properties. The most popular of these is magnitude estimation (e.g., see

(10) for his work on taste); subjects assign numbers to sensations such that one

sensation twice as intense as another is assigned a number twice as large. This pro-

duces a ratio scale of sensory experience within subjects. However, magnitude

estimates cannot be compared across subjects. This was not a problem for

Stevens, because he was interested in comparing sensory modalities; individuals

were simply replicates to him. 

Others were interested in across-subject comparisons. Borg (11) and Teghtsoonian

(12) devised the "range theory." This theory asserted that the subjective range

from zero to maximum perceived intensity is the same for each modality and each

individual. If this were so, then it should be easy to compare across individuals/

groups by asking subjects to rate stimuli on a scale from zero to maximal. Borg

explored spacing adjectives on his zero-to-maximal scale in the hope that this

would provide "absolute" comparisons across individuals. There is, however, rea-

son to doubt these assumptions about subjective range. 

Nonetheless, the idea of gaining the advantages of combining adjective labels

and ratio scaling appealed to subsequent investigators. Moskowitz (13) added

adjective labels to magnitude estimation for sensory evaluation of foods by simply

asking subjects how they would rate "strong", etc., after they had provided ratings

for stimuli. We followed Moskowitz's example for oral burn (14); Gracely (15) pro-

vided adjective labels for pain; and Green and his colleagues (16) used semantic

scaling to create a new, adjective-based scale (the Labeled Magnitude Scale or

LMS) intended to measure oral sensations. Schutz and Cardello used the methods

177



of Green et al. to produce a scale to measure food liking/disliking (17). The addi-

tion of adjectives to ratio scales is an important development but does not solve

the relativity of adjectives.

Magnitude Matching: A New Approach

J.C. Stevens and his colleagues showed that individuals are able to match sensa-

tions from different modalities for perceived intensity (18, 19). This cross-modality

matching gave us a way to select a standard for PROP studies. Early investigations

attributed genetic variability to the N-C=S group on molecules. Since NaCl does

not contain that group, we reasoned as follows. The perceived saltiness of NaCl is

not likely to be the same to all (e.g., pathology could alter saltiness to some) but

there is no reason to believe that the ability to taste NaCl is systematically related

to the ability to taste PROP. Thus, on average, the saltiness of NaCl will be equal

to groups that vary genetically in their ability to taste PROP. Studies based on this

logic led to the discovery of supertasters (3).

L.E. Marks and J.C. Stevens's work (20, 21) led to the use of loudness as a standard

for taste studies (22). This showed that NaCl was a poor standard, because super-

tasters perceived NaCl to be saltier than did medium and nontasters (23). Using

NaCl as a standard made the genetic differences look smaller than they really are.

Modification of the Labeled Magnitude Scale: A step closer to
a universal sensory ruler?

The intensity adjectives that are relatively evenly spaced across typical category

scales are not evenly spaced on ratio scales. For example, the relative positions of

the adjectives on Green's LMS are: "barely detectable"=1.4%, "weak"=6.0%,

"moderate"=17%, "strong"=34.7%, "very strong"=52.5% and "strongest imagi-

nable"=100%. Note that the spacing among adjectives approximates a logarith-

mic progression. Similar spacings occurred in each of the studies in which

adjectives were embedded in a ratio scaling task (11, 13–17). This is not surprising

because, even though the adjectives do not have absolute meaning (e.g., "large

mice" and "small elephants"), the relative distances among the adjectives remain

roughly the same. Thus we can imagine a family of adjective-labeled scales appro-

priate to a variety of perceptual modalities and contexts as if the scales were elas-

tic. For example, we could rate the perceived intensities of the scents of a variety

178

Linda Bartoshuk

Hormones, Age, Genes and Pathology: 
How do we assess variation in sensation and preference?



of roses easily identifying a "weak" rose odor, a "very strong" rose odor or even

the "strongest imaginable" rose odor. Similarly we can rate the oral burn of chili

peppers. In this case the "strongest imaginable" oral burn would likely be consi-

derably more intense than the "strongest imaginable" rose odor. Green and his

colleagues addressed this issue for oral stimuli by having subjects rate sensations

within the broader context of the "strongest imaginable oral sensation" (16), and

for odor stimuli by asking for ratings relative to the “strongest imaginable odor of

any kind” (24). We can apply this logic to create an even more general version of

the LMS by labeling the top "strongest imaginable sensation of any kind" (25). Use

of such a scale would not be confined to a specific sensory modality or to a speci-

fic perceptual context, such as the mouth or nose. 

Although there are clearly differences across subjects for specific sensations (e.g.,

the genetic differences we have discussed), by instructing subjects to judge sen-

sations in the broadest possible context we have a better chance of measuring

these differences accurately. Thus, while there is good reason to believe the per-

ceptual scale of oral sensations has been “stretched” by the intense taste expe-

riences of supertasters, there is less reason to believe their scale of all sensations

is any different from that of nontasters. 

We asked subjects (N=100) to rate PROP concentrations on the general LMS

("strongest imaginable sensation of any kind" at the top) and with magnitude mat-

ching (using tones as the standards). The order of the two sessions was counter-

balanced. The separation of nontasters, medium tasters and supertasters was

similar for the two methods (26). This supports the assumptions underlying both

scales: tones are reasonable standards for PROP studies and the general LMS

bounded by "strongest imaginable sensation of any kind" provides accurate com-

parisons of perceived intensities across groups. 

We used the general LMS to see how nontasters, medium and supertasters des-

cribe their taste worlds. Attendees at lectures (N=245) who had not previously 

tasted PROP were asked to rate the intensities of remembered experiences inclu-

ding the brightest light ever seen and the strongest salty, sweet, sour and bitter

tastes ever experienced. After making these ratings, subjects tasted PROP paper

(3 cm diameter pieces of filter paper impregnated with 1.6 mg PROP) and rated its

bitterness. PROP bitterness did not correlate significantly with the brightest light

seen but did correlate significantly with the strongest bitter, sour and salty tastes

ever experienced (27).
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Variation in Oral Sensation: 
Using Our New Psychophysical Tools

There are many questions concerning sensory or hedonic perception that require

absolute comparisons across groups. As the methods for making valid across-

group comparisons have evolved, we have been able to begin to answer some of

those questions. Examples of our findings follow below.

Genetic Variation in Taste: Supertasters

As noted above, we are not all born into the same "taste worlds" (2, 28). Family

studies show that nontasters carry two recessive alleles (29). Using magnitude esti-

mation with NaCl as the standard, we discovered that genetic taste variation was

not restricted to bitter compounds containing the N-C=S group (30, 31). As more

compounds were studied, we found that supertasters perceived not only the most

intense tastes but also the most intense oral burn from irritants and the most in-

tense tactile sensations from fats in foods (see (32) for a review). 

The development of video microscopy revealed an association between PROP tas-

ting and tongue anatomy (33); supertasters tended to have the most fungiform

papillae (the structures housing taste buds) (34). This explains why supertasters

perceive more intense sensations from irritants and viscous compounds.

Fungiform papillae are innervated by the trigeminal nerve, which mediates pain,

temperature and touch (35).

The association between PROP tasting and anatomy is far from perfect. First, the

areas assessed for fungiform papillae density have been relatively small.

Assessments from larger (or different) areas might improve the association but are

unlikely to counter it. Second, hormonal variation and pathology affect taste but

do not alter the density of fungiform papillae in humans. Third, the nature of the

association may be relevant to the genetics of supertasting. If the gene for PROP

tasting were independent of that (or those) for tongue anatomy, then supertasters

might be PROP tasters who have also inherited a lot of fungiform papillae.

Presumably, nontasters lack a binding site for PROP; thus no matter how many fun-

giform papillae they have, this will not turn them into tasters. Tasters have the bin-

ding site for PROP and so the more fungiform papillae (and thus taste buds) they

have, the more bitter PROP will taste. Complete independence of the PROP and

anatomy genes seems unlikely, since individuals with a low density of fungiform

papillae tend to be nontasters (36).



We know the rough location of the PROP gene (37). When the exact location is

identified, we will be able to determine directly whether or not individuals with two

dominant alleles are the most responsive to PROP. Kalmus addressed this issue

indirectly with a very clever threshold study (38). He reasoned that if there were a

phenotypical difference between individuals with a single dominant allele and

those with both dominant alleles, the average PROP threshold from those with

only taster siblings would be lower. They are.

Hormonal Variation and Age

Since bitter is believed to be a cue for poison, there would be survival value in a

system that intensified bitter tastes early in pregnancy when a fetus would be most

vulnerable to poisons. The data collected on the menstrual cycle, pregnancy and

menopause are consistent with the existence of such a system. Early anecdotes

compiled by Hoyme (39) linked genetic variation and hormonal effects of taste.

Hoyme noted that two nontaster women became tasters with their first pregnan-

cies; one was still a taster a year later, “becoming a ‘non-taster’ a day or so before

her menstrual periods.” Hoyme further noted that PTC (phenylthiocarbamide, 

a chemical relative of PROP that shows similar variation in bitterness across non-

tasters, medium tasters and supertasters) tasted less intense during menstrual pe-

riods to six women, more intense to two, and showed no change for six.

Menstrual cycle. Studies following Hoyme focussed on the phase of the cycle

during which taste sensitivity would be maximal (see (32) for a review) and came to

no agreement. We suspect that this focus was misplaced. A hormonal change may

trigger a taste change that is not immediate; the time taken for the taste change

to appear might vary across women. Etter (32) tested subjects (20 females, 2 males)

daily for approximately 100 days. Only cycling females (verified by thermal cycling)

showed cycling of taste. Averaging across cycling women showed peak taste per-

ception during the luteal phase; however, periodogram analyses showed that not

all subjects fit that average. 

Pregnancy. Hoyme's anecdotal observation that PROP sensitivity rises with preg-

nancy was supported by Fisher and Kaplan's observations on two sets of identical

twins, one of whom was pregnant; the pregnant twin was the more sensitive in

each case. Bhatia and Puri (40) classified subjects as nontasters or tasters in each

trimester of pregnancy; more fell into the taster class in the first trimester. Romanus
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(41) found more tasters among women who had children, suggesting that an

increase in PROP tasting may even outlast pregnancy.

During the first trimester of pregnancy, we found an increase in perceived bitter-

ness of quinine (32, 42). Interestingly, the variance was reduced during the first tri-

mester. This is consistent with the idea that in cycling women perceived bitterness

varies; pregnancy causes bitter taste to hit its maximum and this both raises the

mean bitterness and reduces the variance. 

This study was done prior to our current work on adjective-labeled scales. The

scale we used, a horizontal line labeled "zero" at the left end and "extremely" two

thirds of the way to the right (22), is subject to the very criticisms of adjective-la-

beled scales we have presented. Were we to redo the pregnancy study we would use

a different method now (magnitude matching or the general LMS). However, since

the study was longitudinal, the changes observed could be assessed by within-

subject comparisons. Nonetheless, this raises an interesting question: will the taste

changes that occur during pregnancy alter a woman's taste scale? We do not know

how quickly we adjust our adjectival scales as our sensory worlds change. 

Menopause. There is general agreement that age is associated with a reduction

in the ability to taste bitter (43). We asked attendees at lectures to rate the bitter-

ness of PROP paper using the general LMS (32, 44). In females, perceived bitter-

ness was stable until menopause when it began to decline.

Pathology

Taste pathology offers another area in which across-group comparisons are impor-

tant. Recently, we studied a sample of patients with burning mouth syndrome (45).

This disorder is characterized by intense oral pain in the absence of visible oral tis-

sue pathology. Patients rated the peak oral pain experienced with this syndrome

using the general LMS ("strongest imaginable sensation of any kind" at the top).

The correlation between this pain and the density of fungiform papillae was 0.8

(45, 46); the most intense oral burn was experienced by the supertasters. Patients

showed taste loss (particularly for bitter) on the anterior tongue, the area innerva-

ted by the chorda tympani branch of CN VII, the facial nerve. This suggests that

burning mouth syndrome is a sensory phantom that can arise when tonic inhibition

processes in the central nervous system are disrupted. There is evidence that taste

normally inhibits oral pain (47). Damage to taste may therefore release this inhibi-
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tion, causing the patient to experience oral pain in the absence of visible tissue

pathology. For many individuals that phantom pain can be relieved by low doses

(0.25 mg per day) of clonazepam, an antiepileptic drug (48). 

Preferences

We began our studies of the effects of PROP tasting on food/beverage prefe-

rences using the Marks scale (22) to measure the degree of liking/disliking (49).

PROP tasting was negatively correlated with preference for sweet and high-fat

foods in females and tended to be positively correlated in males. However, the

Marks scale assumes that the adjective "extremely" means the same to all. Our

concerns about this led us to use the general LMS to assess liking/disliking. We

have confirmed the earlier results for sweet (50) and high-fat foods (51, 52). In addi-

tion, we have found an increase in preferences for high fat foods with age, espe-

cially for women (53), that is consistent with nutrition surveillance data (NHANES

III) on intake (54).

Conclusion

We do not all experience the same sensory intensities from foods and beverages.

A full understanding of the impact of variation in oral sensation on dietary beha-

viors will require measures of perceived intensity and degree of liking/disliking that

permit valid comparisons across subjects. In this paper we have reviewed serious

limitations associated with use of adjective-labeled scales in studies of genetic

variation in taste. We must be prepared to look for similar examples in other fields.
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