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Abstract 
 

 Arthur L. Fox discovered that some of the population can detect PROP, called 

tasters, while some of the population cannot detec-t PROP, called nontasters. Scientists 

have discovered that the ability to taste the bitterness of PROP is heritable and follows an 

incompletely dominant pattern. Variations in PROP sensitivity appears to arise from 

underlying anatomical differences, since ratings of PROP intensity are highly correlated 

with the density of fungiform papillae on the tongue (Bartoshuk et al., 1994). Therefore, 

the tongue anatomy of tasters is different from nontasters, with supertasters tending to 

have the most taste pores and fungiform papillae.  Additional studies suggest that women 

have larger proportions of fungiform papillae than men. Researchers are very interested 

in understanding the relationship between taster status and taste perception.  

Salt, sour, sweet, bitter, and the sensitivity to heat or burn are positively correlated 

to PROP sensitivity (Bartoshuk et al., 1994).   For example, it has been found that the 

perception of sucrose is sweeter for tasters than nontasters (Bartoshuk, 1979).  

Concerning the perception of bitter foods and beverages, tasters of PROP showed more 

disliking to foods such as grapefruit juice, green tea, and some beers than did nontasters 

(Akella et al., 1997).  Supertasters perceive PROP sensitivity more intense than 

nontasters. Supertasters also perceive tastants, such as NaCl, more intense than nontasters 

(Bartoshuk et al., 1998).  Furthermore, supertasters perceive the sourness of citric acid to 

be more intense than did medium-tasters and nontasters (Prescott et al., 2001).   

 Current understandings of genetic variation and tongue anatomy would not even 

be possible without the development of psychophysical techniques that Arthur L. Fox 

created to compare individuals (Bartoshuk, 2000a).  Because of Fox, scientists have 
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discovered valuable information that pertains to taster status and human taste perception. 

Today, researchers are studying PROP sensitivity, the four taste qualities, taste 

perception, and other aspects of human taste development that help uncover the 

physiological basis for perceptual differences in human taste.  

 

 

Introduction 

 

The basic receptor structures for taste are called taste buds.  They are specialized 

receptor organs located in tiny pits and grooves of the mouth, throat, pharynx, inside of 

the cheeks, soft palate, and particularly along the dorsal surface or back of the tongue.  

Humans possess between 9,000 and 10,000 taste buds.  The taste buds are generally 

found in clusters lying within small but visible elevations on the tongue, called fungiform 

papillae.  A single taste bud consists of multiple taste receptor cells that turnover 

approximately every 7-10 days.  It is proposed that the sensitivity of taste varies with age.  

It is thought that as we age, taste cell replacement slows and thus the sense of taste 

diminishes (Schiffman, 2001). 

 Within individual taste receptor cells, there are four different transduction 

mechanisms for salty, sweet, sour, and bitter taste.  Transduction occurs when taste 

substances affect ion flow across the membrane of the taste cell. Different types of 

substances affect the membrane in different ways. Sweet substances bind to metabotropic 

receptor sites, which release other substances into the cell.  Sodium in salty substances 

becomes sodium ions (Na+) in solution that flow through membrane channels directly 
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into the cell.  Each of these mechanisms affects the cell’s electrical charge by affecting 

the flow of ions into the cell. The molecular complete transduction mechanisms for sweet 

and salt taste are not fully understood.  Scientists have found that dilute NaCl actually 

contains a sweet stimulus that would suggest an interaction with sweet transduction or 

neural coding mechanisms.  Sour substances contain H+ ions that block channels in the 

membrane (Goldstein, 2002). Similar to sweet taste, the signal transduction of bitter taste 

is complex and diverse likely involving multiple metabotropic receptors. For example, a 

well-studied bitter compound called denatonium, is transduced through a pathway 

involving the activation of a G protein.  That causes the buildup of a second-messenger 

molecule called IP3.  The accumulation of IP3 eventually leads to depolarization causing 

the release of neurotransmitters.  There is another possible transduction pathway for bitter 

involving a G protein called gustducin.  Activation of gustducin causes a decrease in 

cyclic cAMP, another type of second messenger, rather than an increase of IP3 (Kreeger, 

1997).    

 In 1931 Arthur L. Fox was synthesizing a compound called phenylthiocarbamide 

(PTC), when some of it blew into the air.  A colleague who inhaled the PTC dust 

commented on the terrible taste; however, Fox tasted nothing. This sparked early research 

by Fox that indicated people could be divided into two groups: tasters and nontasters.  In 

the 1970’s, Linda Bartoshuk began to expand this research using a similar chemical 

called 6-n-propylthiouracil or PROP. Researchers learned that PTC had some toxic 

effects, so they switched to PROP, a thyroid medication, that has a similar response 

property as PTC allowing tasting of nontaster, taster, and supertaster status (Fox, 1931).  

The chemical of PTC was important to determine whether subjects were tasters or 
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nontasters, but because of PTC’s toxicity, PROP is a safer chemical that is used in  

experiments today. Given differences in numbers of taste buds and transduction ability 

for PROP, it is likely psychophysical testing may detect other perceptual taste differences 

between tasters and nontasters. 

Measuring taste perception could be heavily influenced depending on a 

psychophysical scale used. Building on the work of earlier psychophysical scale 

development, Green and his students constructed the Labeled Magnitude Scale (LMS) 

with intensity adjectives spaced so that the scale would have appropriate ratio properties.  

The LMS has repeatedly been proven to be a valid instrument to classify individuals as 

tasters or nontasters (Lucchina, 1998).  The top of the scale is labeled ‘strongest 

imaginable.’ The mean rating of suprathreshold taste intensity was labeled ‘strong.’  The 

LMS rests on the assumption that ‘strongest imaginable’ refers to the same perceived 

intensity on average, across non-tasters, medium tasters and supertasters (Bartoshuk et 

al., 1998).  Tasters are considered to report the suprathreshold concentrations of PROP as 

‘strong,’ ‘extremely strong,’ or ‘strongest imaginable.’  Nontasters rate PROP as ‘barely 

detectable’ or ‘weak’ (Reed et al., 1999). Whenever the detection of small perceptual 

differences among individuals is of interest, scales with ceiling effects should not be used 

(Lucchina et al,. 1998).The LMS minimizes ceiling effects and therefore is better in 

discriminating sensitive tasters from nontasters.   

Psychophysical taste tests using the LMS revealed particular differences in taste 

sensitivity and perception associated with taster status. PROP tasters have reported rating 

urea, sucrose octa-acetate, denatonium benzoate (Mela, 1989), sodium, potassium 

benzoate, potassium chloride (Bartoshuk et al., 1988), quinine (Leach & Noble, 1989), 
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and caffeine (Hall et al., 1975) as more bitter than non-tasters. PROP tasters also perceive 

sucrose sweeter than nontasters (Bartoshuk, 1988). It has been discovered that the 

bitterness and sweetness of saccharin are more intense for PROP tasters than non-tasters 

(Bartoshuk, 1979).  By using the LMS and classifying subjects into three taster groups 

based on the rating of a single PROP solution, there is clear evidence of a relationship 

between PROP sensitivity and the perceived intensity of tastants that represent the four 

taste qualities; sweet, sour, bitter, and salty.  (Bartoshuk et al., 1994).  Also, these 

differences in the perception of individual tastes can be demonstrated in the context of 

binary mixtures of foods and beverages.  It is thought that the genetic differences in taste 

sensitivity determine the degree of interaction which takes place, with the implication 

that the different taster groups may perceive the taste qualities of foods and beverages 

differently (Prescott et al., 2001). PROP tasters may be more sensitive to primary taste 

qualities and other tastants in foods and beverages than nontasters.  Thus, PROP 

sensitivity is very important, because sensitivity determines overall perception of certain 

taste stimuli.   

This paper will provide an in-depth analysis of the relationships between PROP 

sensitivity as biological factors such as genetics, gender, age, and hormones.  The 

relationship between taste status and each primary taste quality will also be reviewed.  

Finally, the relationship between PROP sensitivity and overall taste perception will be 

considered. The conclusion will discuss the interrelationships between all variables. 
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The Influence of Genetics on PROP Sensitivity 

 

 The current understanding of genetic variation in taste would not be possible 

without the development of psychophysical techniques created by Fox to compare 

individuals’ PROP/PTC sensitivity  (Bartoshuk, 2000a). Variations in genes appear to 

determine PROP taste thresholds.  Some people perceive the taste of PROP as intensely 

bitter at low concentrations while other cannot detect PROP.  This taste blindness is an 

inherited trait (Snyder, 1931).  

Scientists have discovered that the bitterness of saturated PROP is heritable and 

follows an incompletely dominant pattern instead of a complete dominant pattern.  A 

complete dominant pattern involves dichotomy where subjects can be either supertasters 

or nontasters.  However, an incomplete dominant pattern explains a continuum of 

behavior rather than dichotomy.  Subjects with an incomplete dominant pattern can be 

supertasters, nontasters and tasters.  Dichotomy is not involved with incomplete dominant 

patterns.  

PROP is an example of a substance that contains a particular N-C=S chemical 

group. The Harris-Kalmus method is a threshold method that ultimately came to 

dominate early PTC studies. This method was used to extend Fox’s conclusion (Fox, 

1931) that substances containing the N-C=S chemical group all had thresholds that 

correlated highly with PROP thresholds (Barnicot et al., 1951). Kalmus (Kalmus, 1958) 

reasoned that tasters who had only taster siblings would be more likely to be homozygous 

for the dominant allele.  The tasters had a lower average PTC threshold than did tasters 

with at least one non-taster sibling.  Therefore, Kalmus was able to argue that PROP/PTC 
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tasting has an incomplete dominant pattern.  It is thought that nontasters have two 

recessive alleles, and they perceive PROP the least.  Researchers also believe that 

supertasters have two dominant alleles, and these individuals perceive PROP the most. 

Medium tasters are thought to have one dominant and one recessive allele, and they have 

an intermediate degree from non-tasters and supertasters. Therefore, individuals with two 

recessive alleles (tt) are non-tasters and individuals with one dominant allele (Tt) as well 

as those with two dominant alleles (TT) are tasters (Bartoshuk, 1994).   

Although inheritance is thought to follow an incomplete dominant pattern, other 

possibilities have been suggested, such as multiple genes, an inheritance as being 

recessive, or multiple alleles of a single gene. This trait is among the most-studied in 

human genetics, but the relevant gene has not been characterized (Reed et al., 1999).  

Recently, Reed and his co-workers localized the PROP gene to chromosome 5. Reed and 

his team conducted a genomewide scan by using 356 marker spaced at ~ 10 cM intervals. 

The telomeric portion of 5p gave the strongest evidence for linkage. Transmission of 

alleles from heterozygous parents to nontaster offspring was computed with TDTLIKE 

version 2.1, which corrects for multiple-allele testing.  There was significant distortion in 

transmission of alleles from heterozygous parents to nontaster children for markers from 

the linked region These results are consistent with the hypothesis that a gene that confers 

the ability to taste PROP lies on the telomeric region of human chromosome 5p.  A 

region on chromosome 7 may also influence the phenotype (Reed et al., 1999). 

Genetics play a major role in determining whether an individual is a taster or a 

nontaster.  Bitterness of saturated PROP is heritable and follows an incompletely 

dominant pattern.  Although inheritance is thought to flow in an incomplete dominant 
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pattern, other possibilities have been suggested, such as multiple genes or multiple alleles 

of a single gene (Reed et al., 1999).  A region on chromosome 5p or even chromosome 7 

may influence the taster phenotype.  However, researchers still do not fully understand 

the localization of a gene for bitter-taste perception or PROP sensitivity. Although 

genetics play an important role in PROP sensitivity, other factors influence PROP 

sensitivity such as anatomy, sex, and smoking habits. 

 

 

The Influence of Anatomy, Gender, and Biological Factors on PROP Sensitivity 

 

 There are many physiological factors related to PROP sensitivity. These include 

but are not limited to anatomical and gender differences.  Hormones may influence PROP 

perception as well as age and sensory experiences such as smoking and drinking alcohol. 

 Miller and Reedy (1990) showed that tasters of PROP had more taste pores than 

nontasters.  They also demonstrated that supertasters not only tended to have the most 

taste pores, but there were also anatomical differences between the fungiform papillae of 

nontasters, medium tasters, and supertasters.  Supertasters have more fungiform papillae 

that are smaller and have more taste pores.  Studies also show that supertasters have rings 

of tissue around the fungiform papillae that are not seen on the fungiform papillae of 

nontasters (Bartoshuk et al., 1994).   

Miller and Reedy (1990) developed a procedure to count taste buds in living 

human subjects.  This method is based on the ability of .5% methylene blue to stain the 

taste pores in the fungiform papillae without staining the rest of the surface of the 
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fungiform papillae.  Subjects inserted their tongues between two plastic cover slides held 

together by screws at either end and at the center front. The inserted tongue touched the 

screw at the center front and this served as a reference point.  The densities for fungiform 

papillae were calculated using a 3 by 3-mm square to the right of the midline just behind 

the screw.  Because it is difficult for subjects to hold their tongues completely still, 

tongues are usually videotaped with a camera attached to a Zeiss operating microscope.  

In frames that were in focus, fungiform papillae and taste pores were counted.  By using 

this technique, scientists discovered anatomical differences in the tongues of tasters and 

nontasters.  Researchers discovered that more taste buds were located on the tongues of 

supertasters compared to medium and nontasters (Bartoshuk et al., 1994).  

Variations in PROP sensitivity appear to arise from underlying anatomical 

differences, since ratings of PROP intensity are highly correlated with the density of 

fungiform papillae on the tongue such that tasters tend to have larger numbers of 

fungiform papillae than do nontasters (Bartoshuk et al., 1994). Sensitivity to taste PROP 

appears to be a heritable trait and most of these supertasters tend to be women. There are 

other factors that can affect the sensitivity of individuals to taste PROP including age, 

hormonal variations, and smoking and drinking habits (Lucchina et al., 1998).   

There is a significant association between number of fungiform papillae and 

number of taste pores.  Bartoshuk (1994) has suggested that larger proportions of 

fungiform papillae may be more common in women. Several of her studies have 

suggested that women might be more responsive than men to PTC/PROP.  Since women 

are more likely than men to be supertasters, women have on average more fungiform 

papillae and taste pores. This difference is supported statically by the t-test, which tests 
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for differences between means, and the E2, which is sensitive to both differences between 

means and differences between the distributions. For the fungiform papillae, the female 

and male means were 7.48 and 5.78, respectively, which differs significantly.  For the 

taste pores, the female and male means were 36.96 and 28.26, respectively which did not 

differ significantly.  However, when the distributions were tested, more females had high 

densities for both fungiform papillae and taste pores.  When the distributions were tested 

with E2, women had high densities for both fungiform papillae and taste pores than men 

(Bartoshuk et al., 1994).  

 Other studies have found that a hormonal variation in women may affect the 

perception of PROP.  In a study done by Beiguelman (1964), there were no effects of the 

menstrual cycle on the taste of PROP because the changes were not all in the same 

direction.  However, other studies found that women were more susceptible to perceive 

when levels of both estrogen and progesterone were high.  These two studies prove that 

not all experiments conclude with the same results. Fischer (1963) examined the taste 

perception of PROP sensitivity during pregnancy. The variance of the bitter ratings was 

reduced in the first trimester, but the PROP ratings increased in the third trimester.  This 

is concurrent with an increase in progesterone related to Beiguelman. 

Several other factors can affect a person to detect PTC/PROP.  Some studies 

suggest that some smokers and alcoholics are more likely to be non-tasters.  The greater 

intensity of bitterness that supertasters would be expected to experience from activities, 

such as smoking or drinking, might provide some protection from participating in these 

toxic habits.  Unlike supertasters, non-tasters would be less likely to reject smoking 
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and/or drinking because they would not experience the unpleasant sensory experiences 

(Fischer et al., 1963).  

Age may influence the sorting of supertasters using a PROP criterion because 

there is evidence that the perceived bitterness of at least some bitter substances 

diminishes slightly with age. Taste thresholds tend to be elevated in elderly subjects 

(Bartoshuk et al., 1979). In particular, the threshold elevation in the elderly has been used 

as evidence that the taste sense fades in the elderly.  Evidently, taste sensations do tend to 

fade with age (Bartoshuk, 1988).   Certain vegetables seem less bitter with age, but there 

are many other potential sources as well.  Foods already associated with PTC/PROP 

status include caffeine, quinine, KCl, saccharine, and alcohol.  Nevertheless, the impact 

of these sensory differences on food preferences has yet to be fully explored (Bartoshuk 

et al., 1994).  

Fungiform papillae are relatively stable anatomical structures. An exception is the 

loss of fungiform papillae seen in human subjects who suffer from damage to either the 

chorda tympani or trigeminal nerves. Therefore, taste sensations depend not only on the 

number of fungiform papillae but also on the integrity of the taste buds within the 

papillae and the nerve carrying information from the papillae to the brain.  

Neural codes for intensity are based on both the frequency of firing within 

neurons and the number of neurons responding (Beidler, 1969).  Evidence now suggests 

that this neural code for intensity implies that if some members of a species have a larger 

number of taste neurons they will experience more intense tastes (Prescott et al., 2001). 

As stated previously, tasters and supertasters have more fungiform papillae than 

nontasters.  Large numbers of fungiform papillae on the tongue result in an increase of  
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neural inputs.  If the neural input increases, then the intensity for other tastes increases as 

well.  Greater numbers of fungiform papillae imply that greater numbers of neurons 

transmit information to the brain.  Therefore, neural input for supertasters will be greater 

than for nontasters based on fungiform papillae.  For example, if similar concentrations 

of NaCl were presented to supertasters and nontasters, then supertasters would receive a 

greater neural input.  As a result, the intensity and perception of NaCl from supertasters 

would be higher compared to nontasters.  

 

 

The Influence of PROP Sensitivity on the Perception of Salt 

 

The perceived intensities of NaCl and PROP are positively correlated such that 

the stronger the taste perception of PROP, the stronger the perception of NaCl. Several 

studies have been conducted to understand this relationship between PROP and NaCl.  

Researchers studied both the perceived intensities of NaCl and the effect of 

chlorhexidine; an antiseptic, on NaCl perception.   

Early assumptions that NaCl was a good standard for PROP studies was 

supported by a magnitude matching study using tones as the standard (Marks, 1998).  The 

higher concentrations of NaCl appeared to taste equally intense to all subjects, although 

the more dilute concentrations appeared to be weaker to nontasters.   However, this study 

was done prior to Marks’ discoveries of context effects.  Scientists now know that 

perceived intensities vary as a function of the intensities that precede them.  For example, 

a moderately loud tone will sound louder if it follows an intense tone.  Since Marks’ 
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study, the presentation of tones, PROP, and NaCl were randomly interspersed to 

eliminate this confound.  

Chlorhexidine, a bis-cationic biguanide antiseptic, greatly reduces the perceived 

intensity of the salty prototype sodium chloride and may prove to be an important 

mechanism that underlies the human salty taste quality. A 3-minute treatment with 1.34 

mM chlorhexidine severely reduced the salty taste of NaCl and bitter taste of quinine-

HCl.   Accompanying the loss of salty taste is an increase in bitter responses to salty 

stimuli that were not bitter before treatment.  The taste quality of normally salty NaCl is 

identified more frequently as bitter but quinine – HCl remains bitter after chlorhexidine 

treatment.  Treatment with chlorhexidine reduced the perceived intensity of six salty 

halide and sulfate salts by about 50% (Frank et al., 2001).  

 Human salt transduction pathways show anion and cation selectivity.  

Chlorhexidine is a bis-cation that could potentially block cation channels on the apical 

membrane of taste-bud receptor cells.  In humans, blocking apical Na+ channels reduces 

a sour “side taste” of NaCl, rendering its taste intensity weaker but predominantly salty. 

Chlorhexidine reduces NaCl salt intensity and increases bitter perception. Blocking of the 

apical cation channels could explain the inhibition of saltiness in humans. Chlorhexidine 

greatly reduces NaCl intensity and the salty taste of salts.  Scientists conclude that 

chlorhexidine treatment, which halves intensities of NaCl and LiCl, is, like human 

saltiness, cation and anion selective (Frank et al., 2001).  

Chlorhexidine reduces the intensity of NaCl, and this gives direct evidence that 

the perceived intensity of NaCl and PROP sensitivity are positively correlated. 

Researchers also found that NaCl perceived intensities vary as a function of the 
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intensities that precede them.  Prescott (2001) performed an experiment that 

demonstrated the positive correlation between PROP and sourness by using a salty-sour 

(NaCl / citric acid) mixture.  Prescott found that the maximum intensity was greater at the 

highest concentrations of both NaCl and citric acid than for any other concentrations of 

either citric acid or NaCl, alone or in combination. 

 

  

The Influence of PROP Sensitivity on the Perception of Sour 

 

The sourness of citric acid is positively correlated with PROP ratings (Prutkins et 

al., 1999).  Groups of PROP super-, medium-, and non-tasters assessed binary taste 

mixtures: sweet-sour (sucrose / citric acid) and salty-sour (NaCl / citric acid).  

Supertasters perceived the sourness of citric acid to be more intense than did medium-

tasters and non-tasters.  In addition to showing a relationship between PROP tasting and 

the intensity of individual taste qualities, there was also evidence of group differences in 

the perception of mixture interactions between tasters and nontasters. PROP tasters were 

more sensitive to the taste of the mixtures, and they rated the solutions as more intense 

compared to the nontasters.  The most apparent differences in perception were in the 

overall intensity of the mixtures. 

The ability to perceive tastes in binary mixtures differs due to age.  A study 

investigated the ability of adults and 8-9 year old children to perceive tastes in binary 

mixtures. The major finding was that only one taste in each mixture was recognized at 

above chance levels by children compared to adults who recognized both tastes. With the 
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sodium chloride-citric acid mixture, the confidence intervals showed that only saltiness 

was suppressed for the adults and only sourness for the children.  The mean ratings of 

adults indicate that sourness was dominant in the sodium chloride-citric acid mixture.  

Adults exhibited a significant reduction in saltiness through suppression by citric acid.  

The inability of the children, but not the adults to recognize both tastes, suggest that the 

children are immature in their analytic abilities, or their gustatory system processes 

mixtures differently from that of adults (Oram et al., 2001). Bartoshuk (1998) found that 

the elderly seem to be particularly sensitive to the loss of sour taste.  A sample of elderly 

subjects perceived less sourness in citric acid and, to a lesser extent, less bitterness in 

quinine compared to a young control group when the stimuli were applied to the localized 

areas of the tongue.  

The present data suggests that the response of the gustatory system to sour may be 

particularly sensitive to the effects of age. Children may not have fully developed 

mechanisms for processing mixtures.  For example, with the non-sweet mixture the 

responses of the children indicated that sourness was suppressed by sodium chloride, 

whereas adults reported that saltiness was suppressed by citric acid. The absence of 

suppression by sourness of the other tastes with children, indicates the possibility that the 

gustatory system at mid-childhood may not be fully developed for processing mixtures of 

tastants (Oram et al., 2001). As shown in studies by Bartoshuk (1998), the elderly 

perceive sour tastants as less intense compared to young subjects.  However, scientists do 

not know whether these changes truly result from aging or whether they reflect the many 

causes of taste alteration that can be encountered in a long life.  
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Sourness of citric acid (Prutkin al., 1999) is positively correlated with PROP 

ratings. Supertasters perceive the sourness of citric acid to be more intense than medium-

tasters and nontasters.  Multiple studies have shown that PROP sensitivity can be effected 

by certain factors, such as age. Prescott (2001) performed an experiment that 

demonstrated the positive correlation between PROP and sweetness by using a sweet-

sour (sucrose/citric acid) mixture.  Prescott found that overall intensity could be predicted 

from the sum of both sweetness and sourness.  Supertasters rated the sweet-sour mixture 

as more intense than did nontasters.      

 

 

The Influence of PROP Sensitivity on the Perception of Sweet 

 

The perceived intensity of sweetness appears to increase with the ability to taste 

PROP.  In Prescott’s experiment, tasters of PROP perceived the sweet-sour mixture more 

intense than nontasters did (Prescott, 2001). This relationship between sweet taste and 

PROP sensitivity may be due to genetic and/ or neural coding interactions. 

Perceptual, physiological and biochemical data suggest multiple metabotropic 

membrane receptors for sweet stimuli (Shallenberger & Acre, 1967).  It appears that 

these metabotropic receptors activate G-protein-dependent increases in cyclic nucleotides 

which lead to depolarization. Another possible pathway involves activation of a protein 

kinase that inactivates K + channels (Striem et al., 1989).  Just as genetics plays a role in 

the ability to transduce PROP chemicals, it is likely that genetics influence the protein 

receptors and transduction systems related to sweet taste perception. 
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Fruitflies (Drosophila) are the premier animals for genetic studies, because of 

their small sizes, large numbers of progeny, short generation times, and ease of culture. 

Genetic information from studies with fruitflies is likely relevant to human genetics.  In 

adult fruitflies, parameters for behavioral and receptor cell responses to sucrose and 

fructose were similar, while those for glucose were different.  These results suggest that 

physiological taste transduction mechanisms of the two monosaccharides are different. 

The parameters for the behavioral and receptor cell responses corresponded, which 

indicates that the different transduction mechanisms are located in the taste receptor cells. 

The advantages of a genetic analysis in Drosophila could be most useful in the attempt to 

understand human sweet taste mechanisms.  

The existence of different mechanisms is supported by the isolation of variants of 

fructose and for glucose. There were no significant differences in frequencies between 

male and female fructose and glucose frequencies, which suggests that the variant traits 

are not gender-linked (Hartl, 1992).  PROP tasters tend to perceive sweet stimuli more 

intense than nontasters.  Possibly, these results indicate that the genes of PROP 

sensitivity and sweet tastants are related.  

Modern psychophysical studies show that substances with common taste qualities 

cross-adapt one another while substances with different taste qualities do not (McBurney 

et al., 2001).  The ability to perceive sweet taste can be explained by the across-fiber 

patterning theory and the labeled-line theory (Erikson, 1963). According to the across-

fiber patterning theory, two stimuli producing similar patterns of activity across neurons 

will have similar tastes. The sodium cations of dilute NaCl activate their transduction 

sites in the normal way but generate a profile more similar to that produced by sucrose 
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than that produced by stronger concentrations of NaCl. In such a case, dilute NaCl would 

be perceived similarly to sucrose. According to the labeled-line theory, a neuron that 

codes sweetness does so no matter what the stimulus actually is.  This labeled-line theory 

is consistent with the suggestion that dilute NaCl actually has the capability to interact 

with the same receptor mechanisms as sucrose ( Bartoshuk et al., 1978). Sucrose was 

sweeter to tasters than to non-tasters (Bartoshuk, 1979).  Bartoshuk (2000) also found 

that bitterness of PROP was positively correlated with rating of sweetness of a variety of 

sweeteners. 

The ability to understand the genetics underlying the protein receptors and 

transduction systems of sweet stimuli will be helpful in understanding sweet perception 

qualities. Studies show that substances with common taste qualities cross-adapt one 

another while substances with different taste qualities do not. By studying sweet stimuli, 

researchers have found information from other tastants, such as NaCl.  Dilute NaCl 

actually contains a sweet stimulus that interacts with the same receptor molecules as 

sucrose.  These results demonstrate two means of interaction between sweet and PROP 

sensitivity; genetic and neural coding. 

 

The Influence of PROP Sensitivity on the Perception of Bitter  

 

Taste thresholds for the bitter substance PROP and related compounds contain the 

grouping HNCS.  However, scientists have found that sensitivity of the taste of PROP 

predicts sensitivity to caffeine, a common bitter substance that lacks the HNCS grouping.  

Researchers have found that caffeine thresholds were correlated with the PTC thresholds.  
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Urea, like that of caffeine, may be related to the taste of PTC because the non-tasters 

perceived lower concentrations of urea as slightly less bitter (Hall et al., 1975). This 

suggests a general relationship between PROP and bitter taste as opposed to a specific 

relationship with the HNCS grouping.  

Caffeine and possibly urea seem to simulate PROP receptor sites. However, 

scientists have taken into consideration that the concentration of the caffeine in an 

average cup of brewed coffee is below or near the threshold of most nontasters but above 

the threshold of most tasters.  Therefore, caffeine cannot add a significant amount of 

bitterness to the already bitter taste of coffee for the nontasters of PROP (Hall et al., 

1975).   

The relationship among suprathreshold taste responses to Acesulfame-K, Na-

saccharin, and PROP sensitivity was examined in two studies.  Salts of saccharin are 

intensely sweet but also have a bitter taste to some individuals. Acesulfame-K is another 

intense sweetener with a bitter taste. Bartoshuk found a relationship between PROP taster 

status and saccharin bitterness, with PROP tasters being more sensitive to sodium 

saccharin bitterness at low levels (Bartoshuk, 1979).   

A further study of the bitter taste that is perceived from saccharin and 

Acefulfame-K is through an understanding of the transduction of bitter.  Bitter taste 

transduction likely involves multiple mechanisms.  One important mechanism appears to 

be blockage of outward potassium flow by substances such as the potent bitter compound 

denatonium (Brand & Bartoshuk, 1997).  Denatonium also appears to result in a release 

of intracellular calcium store, possibly mediated through a second messenger system.  IP3 

and diacyl glycerol (DAG) have both been implicated as second messengers in bitter taste 
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transduction.  DAG controls an IP3 that may stimulate the release of calcium from 

intracellular stores.  Another possibility is that the activation of gustducin in a G-protein-

coupled receptor system stimulates a phosphodiesterase enzyme that produces a decrease 

in cyclic nucleotides, such as cAMP.  If cAMP is gating an inhibitory channel, lower 

levels could stimulate membrane depolarization (Brand & Bartoshuk, 1997).  Overall, 

more than one receptor is apparently expressed within the same taste cell, which would 

help explain why chemically diverse bitter tastants give rise to similar sensations. 

Excessive bitterness of the active compounds in oral liquid formulations is a 

major taste problem facing the pharmaceutical industry.  Bitterness of formulations can 

influence pharmaceutical selection by physicians and patients and affect compliance with 

prescribe regimens (Pelco et al., 1987).  Consequently, many methods to inhibit or block 

bitterness, both chemical and physical, have been developed.  A few examples are the 

addition of sweeteners, lipids and emulsifiers, carbohydrates, proteins and flavors, and 

the encapsulation of the active compound. However, none of these methods have been 

very successful.  Thus, the problem of how to suppress bitterness of physiological-

chemical interactions continues to be unresolved.  Certain ions, however, have been 

shown to be able to suppress bitter taste.  

Overall, sodium was significantly the most effective cation at inhibiting the 

bitterness of pharmaceutical chemicals.  Sodium ions inhibit bitterness in the periphery, 

acting on oral physiology, rather than in the brain by a cognitive interaction of perceived 

saltiness on bitterness.  Evidence of this comes from the observation that sodium salts 

with little salty taste are equally effective at blocking bitterness as sodium salts perceived 

with a highly salty taste (Breslin & Beauchamp, 1995).  Scientists have shown that 
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bitterness can be inhibited with selected salt-pharmaceutical combinations for all tasters 

(Delwiche et al., 2001). 

The bitter tastant is important to study, since tasters perceive the sensitivity of 

PROP as bitter. Caffeine and urea are important in studying PROP sensitivity, since they  

seem to simulate PROP receptor sites. The multiple transduction mechanisms for bitter 

taste have helped researchers develop a deeper understanding of why chemical bitter 

tastants give rise to similar sensations.  Researchers are interested in suppressing 

bitterness of physiological-chemical interactions to improve the taste of certain 

medicines. PROP sensitivity is not only positively correlated with bitter substances such 

as caffeine and urea, but it is also positively correlated with pain and burn sensations of 

the tongue. 

 

The Influence of PROP Sensitivity on Somatosensory Perceptions 

 

  The anatomy of the anterior portion of the tongue influences taste and perception 

of oral burn and touch. PROP supertasters’ have the most fungiform papillae, which are 

structures on the tongue that contain taste buds.  People with a high density of fungiform 

papillae have a genetic propensity to experience the most intense sensations from taste 

and some oral somatosensory stimuli, such as oral burn and touch (Duffy & Bartoshuk, 

2000).   

Human subjects rated the time course of the burn produced by three 

concentrations of capsaicin applied to the tongue via filter papers. Overall, the burn 

magnitude increased both with concentration and time. The interaction between PROP 
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taster status and capsaicin concentration raised the question of the relation between PROP 

sensitivity and pain.  Bartoshuk found that the bitterness of PROP was positively 

correlated with the rating of sweetness of a variety of sweeteners, the saltiness of NaCl, 

and pain sensations produced by a variety of irritants including capsaicin (Bartoshuk, 

2000).   

The individual differences between tasters and nontasters all positively correlate 

with differences in number of taste papillae. Trigeminal nerve fibers provide a high 

proportion of the innervation of taste papillae, and these are associated with substance P, 

a neurotransmitter subserving pain sensations.  A gene that influences whether or not 

people can taste this bitter substance determines PROP status.  Large numbers of 

fungiform papillae on the tongue increase trigeminal fibers.  The increased trigeminal 

fibers increase substance P, which increases pain sensations.  These increased pain 

sensations will then increase sensitivity to oral burn on the tongue.  

Twenty-five percent of the innervation of fungiform papillae comes from the 

chorda tympani nerve and seventy-five percent from the trigeminal nerve.  The chorda 

tympani nerve fibers synapse with cells in the taste buds.  Trigeminal nerve fibers 

surround each taste bud and terminate in the apex of the fungiform papillae, an area that 

possibly provides better access to pain stimuli. The location of the trigeminal fibers 

coupled with the presence of substance P supports the conclusion that many mediate pain 

sensations. Thus, it is likely that the number of taste papillae is one of the variable 

mediating the relationship between capsaicin burn and PROP status (Bartoshuk, 2000b). 

Given this anatomy, it is not surprising that supertasters perceive the greatest 
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irritation/pain from oral irritants like capsaicin (chili peppers), piperine (black pepper), 

and ethanol on the anterior tongue (Karrer & Bartoshuk, 1991).  

 

The Influence of PROP Sensitivity on Overall Taste Perception 

 

As we have discussed, the ability to taste PROP positively correlates with 

increased taste intensity of the primary taste qualities; sweet, sour, bitter, and salt 

(Bartoshuk et al., 1994). As all four of these taste qualities can be perceived on all of the 

tongue areas, it is likely that they interact in our overall perception of taste (Bartoshuk, 

1988).  Differences in tastants results in differences in pleasant and nonpleasant foods.  

Bartoshuk (1979) found that sucrose tastes sweeter to tasters than nontasters. 

Perceived sweetness increased as ability to taste PROP increased. Supertasters tend to 

show less liking for high sweet foods just as they do for bitter foods.  This is likely 

related to increased intensity, because sweet foods are really sweet compared to 

nontasters. Some found that the negative association between PROP tasting and a liking 

for sweet or high fat foods was strongest in women. Young female, supertasting adults 

found high-fat/high-sweet foods less palatable than male supertasters (Duffy & 

Bartoshuk, 2000). Saccharin is also perceived as sweeter, as well as more bitter, to PROP 

tasters than nontasters.  Bartoshuk (1979) found a relationship between PROP taster 

status and saccharin bitterness, with PROP tasters being more sensitive to sodium 

saccharin bitterness at low levels. Supertasters perceived the most intense sweetness from 

a variety of compounds.  Taster status can determine the type of food that individuals 



25 

decide to eat.  Supertasters may choose foods that nontasters would not choose because 

of their sensitivity to foods.   

The PROP sensitivity may be of interest for flavor and food evaluation.  In 

particular, it is relevant in the evaluation of new food ingredients including bitterness and 

new food formulations. With bitter foods and beverages, tasters of PROP show more 

disliking of grapefruit juice, green tea, and some beers than do nontasters (Akella et al., 

1997).   Bartoshuk argued that people who are more sensitive to PROP might eat 

vegetables and fruits less frequently.  People who are sensitive to PROP usually find 

many vegetables too bitter or many fruits too sweet to eat.  Similarly, supertaster/tasters 

tended to show less liking for high fat foods. Supertasting children showed a reduced 

preference for cheddar cheese, which is more bitter to adult tasters (Duffy & Bartoshuk, 

1996).  

The differences in taste perception between tasters and nontasters do effect the 

types of food that people enjoy and eat.  Sweet, sour, salt, and bitter substances are all 

more intense to supertasters than to nontasters. Bartoshuk (1979) found that sucrose 

tastes sweeter to tasters than nontasters.  Therefore, supertasters tend to show less liking 

for high sweet foods just as they do for bitter foods. Studies that test the four taste 

qualities have given the food industries valuable information to consider when 

developing food ingredients and formulations.  
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Conclusion 

 

 Current understandings of genetic variation and tongue anatomy would not even 

be possible without the development of psychophysical techniques that Arthur L. Fox 

created to compare individuals (Bartoshuk, 2000b). Because of Fox, scientists have 

discovered valuable information that pertains to taster status and human taste perception. 

Today, researchers are able to study PROP sensitivity, the four taste qualities, taste 

perception, and other aspects of human taste development that helps uncover the 

physiological basis for perceptual differences in human taste. 

 Variations in PROP sensitivity appears to arise from underlying anatomical 

differences, since ratings of PROP intensity are highly correlated with the density of 

fungiform papillae on the tongue (Bartoshuk et al., 1994).  Tasters tend to have larger 

numbers of fungiform papillae than do nontasters.  Differences in PROP sensitivity is due 

to tongue anatomy, hormonal variations and other variable factors.  Understanding PROP 

sensitivity is very important in taste perception.  Different taster groups may perceive the 

taste qualities of foods and beverages differently (Prescott et al., 2001.).  PROP tasters 

may be more sensitive to primary taste qualities and other tastants in foods and beverages 

than to nontasters who cannot recognize the significance of PROP perception (Lucchina 

et al., 1998).  PROP sensitivity is very important because it determines overall perception 

of certain taste stimuli.   

 Scientists have discovered that the bitterness of saturated PROP is heritable and 

follows an incompletely dominant pattern, such that individuals with two recessive alleles 

(tt) are non-tasters and individuals with one dominant allele (Tt) as well as those with two 
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dominant alleles (TT) are tasters (Bartoshuk et al., 1994).  Although inheritance is 

thought to follow an incomplete dominant pattern, other possibilities have been 

suggested, such as multiple genes, or multiple alleles of a single gene (Reed et al., 1999).  

Gender appears to play a major role in determining whether a person is a taster or 

nontaster, as women are more likely to be supertasters than men (Bartoshuk et al., 1994).  

Fully understanding these genetic variations will provide the foundations for 

understanding the relationship between taster status and human taste perception. 

 The genetic variations are also likely to be involved in the anatomical differences 

between the fungiform papillae of nontasters, medium tasters, and supertasters.  

Supertasters have more fungiform papillae that are smaller and have more taste pores. 

Scientists reported fungiform papillae densities on the tongue tip (13 to 15 papillae/ cm2) 

and midposterior region (3 to 6 papillae/cm2).  Gustatory papillae vary in size and shape 

both within subjects and, especially, among subjects (Bartoshuk et al., 1988).  Studies 

have suggested that larger proportions of fungiform papillae may be more common in 

women.  In a sample of 71 females and 51 males, 17% of the females had more taste 

pores than any males in the sample (Prutkin et al., 2000).  Therefore, this study shows 

that females might be more responsive than males to PTC/PROP (Reed et al., 1999). 

Some studies suggest that some smokers and alcoholics are more likely to be a nontaster 

(Fischer et al., 1963).  There is also evidence that the perceived bitterness of at least some 

bitter substances diminished slightly with age (Bartoshuk et al., 1994).  Taste thresholds 

tend to be elevated in elderly subjects (Bartoshuk et al., 1979). Fungiform papillae are 

relatively stable anatomical structures. They may prove to be the most stable measure of 

original genetic endowment in taste (Zuniger & Miller, 1994).   
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 The perceived intensities of salt, sour, sweet, bitter, and the sensation of heat and 

burn are all positively correlated with PROP sensitivity, such that the stronger the taste of 

PROP, the stronger the taste of NaCl, citric acid, sucrose, and caffeine. Bartoshuk found 

that sucrose was sweeter to tasters than to nontasters (Bartoshuk, 1979).  Perceived 

sweetness increased as ability to taste PROP increased. The stronger the taste of PROP, 

the stronger the taste of NaCl (Bartoshuk et al., 1998).  Supertasters perceived the 

sourness of citric acid to be more intense than did medium-tasters and nontasters 

(Prescott et al., 2001).  Also, studies have found that the people with a high density of 

fungiform papillae have a genetic propensity to experience the most intense sensations 

from taste and some oral somatosensory stimuli (Duffy & Bartoshuk, 2000).  Sensitivity 

of the taste of PROP can predict the sensitivity with the stimuli that are used to test each 

tastant.  Individuals that have the strongest intensities to these stimuli tend to be tasters.  

These results are due to different factors such as genetic variations and number of 

fungiform papillae (Bartoshuk et al., 1994). 

Researchers have discovered that tasters and nontasters do perceive tastes 

differently. Some scientists found that women disliked sweet or high fat foods more than 

men did.  With bitter foods and beverages, tasters of PROP show more disliking of 

grapefruit juice, green tea, and some beers than do nontasters (Akella et al., 1997).  

Similarly, supertaster/tasters tended to show less liking for high fat foods (Duffy & 

Bartoshuk, 1996).  

Bartoshuk (2000a) related PROP status to dislike of bitter compounds in foods 

that confer health benefits.  For example, she suggested that tasters might avoid foods 

containing bitter substances useful for cancer prevention. Supertasters are born with a 
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genetic trait that makes them extremely sensitive to certain tastes.  Bartoshuk believes 

that supertasters are more or less prone to certain diseases because their hypersensitivity 

to certain flavors makes them more or less likely to eat foods that can increase or 

decrease risk of disease.  Bartoshuk is among a group of researchers who believe that 

supertasters may be at increased risk for certain cancers, particularly colon cancer, 

because their strong aversion to bitter tastes makes them avoid vegetables, like Brussels 

sprouts, that can protect against malignancies. At the same time, supertasters’ distaste for 

fat and alcohol may make them less likely to develop heart disease.  

 Taste variation is not only interesting because of its links to health but also 

because it provides information about an individual’s subjective taste experience.  

Scientists’ current knowledge of genetic variation depends on the recent insight in 

psychophysical measurement. The tools and scales discovered have given researchers a 

broader understanding of taster status and human taste perception. Studies on PROP 

sensitivity over the years have given researchers a deeper understanding of human taste 

perception.  
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