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concentrations used in beverages. 

Saccharin tastes bitter as well as sweet 
to many individuals. The data reported 
here suggest that the intensity of the bit- 
ter taste of saccharin is related to the ge- 
netically determined ability to taste 6-n- 
propylthiouracil (PROP). 

Taste thresholds for the bitter sub- 
stances PROP, phenylthiocarbamide or 
phenylthiourea (PTC), and other com- 
pounds containing the -N-C=S group 
show a bimodal distribution (1). Family 
studies have generally concluded that 
those least sensitive to PROP (non- 
tasters) carry two recessive genes for 
taste blindness to PROP; the most sensi- 
tive (tasters) are either heterozygous or 
homozygous for the dominant gene (2). 

In the present study 20 tasters and 20 
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nontasters of PROP (3, 4) scaled the in- 
tensities of the sweet, salty, sour, and 
bitter taste qualities of sodium saccharin, 
sodium chloride (NaCl), quinine hydro- 
chloride (QHC1), and sucrose (5) accord- 
ing to Stevens's (6) method of magnitude 
estimation as modified by Smith and 
McBurney (7). Figure 1 shows the bitter- 
ness and sweetness of sodium saccharin. 
As a means of averaging the magnitude 
estimates of different subjects, each sub- 
ject's estimates are expressed relative to 
that subject's estimate of the intensity of 
0.32M NaCl (8). Saccharin tastes signifi- 
cantly less bitter (relative to 0.32M 
NaCI) to nontasters than to tasters at the 
two lowest concentrations (9). The con- 
centration of sodium saccharin used in 
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many diet beverages is about 0.0010 to 
0.0015M (10). Note that at these concen- 
trations the average bitterness attributed 
to sodium saccharin by PROP nontasters 
is one-third to one-half that of PROP 
tasters. 

The distribution of bitter responses in 
the two groups is of special interest. 
There is considerable overlap, so that 
some tasters produce low estimates of 
the magnitude of the bitterness of sac- 
charin that are similar to those of non- 
tasters. However, one group of tasters 
gave estimates of the bitterness of the 
weakest saccharin that were higher than 
those of any nontaster. One nontaster re- 
ported essentially no bitterness at any 
concentration of saccharin tested. This 
overlap is much greater than that seen in 
the bimodal distribution for PROP itself. 

Previous work indicated that tasters 
and nontasters did not differ with regard 
to sensitivity to saccharin (11). How- 
ever, the thresholds measured were for 
the sweetness of saccharin, not its bitter- 
ness. In general, a molecule could con- 
tain the -N-C =S group but fail to show a 
bimodal threshold distribution if some 
other features of the molecular configu- 
ration produced taste sensations at lower 
concentrations. In such a case, scaling 
the perceived intensity of suprathreshold 
concentrations could reveal differences 
between tasters and nontasters because 
the -N-C= S group would add to the per- 
ceived intensity at concentrations above 
its threshold. 

Saccharin does not contain the -N- 
C=S group originally believed to be nec- 
essary for the bimodal bitter threshold 
distribution. Two other compounds 
without this group, anethole trithione 
and caffeine, also have bitter tastes re- 
lated to that of PROP (12, 13). Fischer (4) 
and Beets (14) suggested that the original 
-N-C=S structure may be too restric- 
tive. For example, Fischer (4) proposed 
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Bitter Taste of Saccharin Related to the Genetic Ability 
to Taste the Bitter Substance 6-n-Propylthiouracil 

Abstract. Bitter taste thresholds for 6-n-propylthiouracil are bimodally distributed, 
dividing subjects into tasters and nontasters. Their taste worlds differ with regard to 
the sweetness of sucrose and saccharin and to the bitterness of saccharin. These 
differences suggest that nontasters tend to perceive less bitterness in saccharin at 
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a generalization of this structure that 
would encompass anethole trithione, 
caffeine, and saccharin. 

Figures 1 and 2 show that differences 
between tasters and nontasters of PROP 
were not limited to the bitterness of sac- 
charin. The judgments of sweetness of 
both saccharin and sucrose show dif- 
ferences similar to those for the bitter- 
ness of saccharin and similar to those 
shown previously for the bitterness of 
caffeine (13): the nontaster functions are 
lower at the lowest concentrations but 
have higher slopes and so ultimately 
reach the taster functions (15). These 

steepened slopes resemble the recruit- 
ment of loudness in typical nerve deaf- 
ness (16) and the effects of adaptation in 
taste (17). These differences between 
tasters and nontasters cannot be ex- 

plained on the basis of structural similar- 
ities to the -N-C=S group. However, 
they may be related to the nature of sub- 

groups of tasters and nontasters identi- 
fied by Fischer and Griffin (18). Individ- 
uals in one subgroup were particularly 
insensitive to both quinine and PROP, 
and those in another subgroup were par- 
ticularly sensitive to both. Sensitive indi- 
viduals produced lower thresholds for a 

variety of compounds not chemically re- 
lated to PROP, including sucrose, NaCl, 
and quinine sulfate. Extrapolation of the 
lower portion of the sucrose, saccharin, 
and possibly QHC1 functions in Figs. 1 
and 2 suggests lower thresholds for 
tasters, which would be consistent with 
the observations of Fischer and Griffin 

(18). 
The observation of reduced saccharin 

bitterness for PROP nontasters is of 

practical importance. It not only ex- 

plains some of the variations in hedonic 

response to saccharin but also suggests 
that considerable caution should be exer- 
cised in the future evaluation of potential 
nonnutritive sweeteners. 

The relation between the bitterness of 
saccharin and PROP status is also of im- 

portance for research with other species 
because genetically mediated sensitivity 
to PROP is not limited to human subjects 
(1, 19, 20). For example, some early data 
suggest that rats may show a bimodally 
distributed sensitivity to PTC (20). Other 
data suggest that saccharin has a com- 
plex taste to rats (that is, bittersweet), as 
it does to human subjects (21). Nachman 
(22) showed that saccharin preference 
can be inherited in rats. He selectively 
bred rats that preferred 0.01M saccharin 
to water and those that preferred water 
to 0.01M saccharin. Most saccharin-bred 
rat pups in the next two generations 
strongly preferred the saccharin. The 
water-bred rat pups were more variable; 
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most preferred water but some preferred 
saccharin. These results are consistent 
with a relation between the bitter tastes 
of saccharin and PTC; the rats that were 
nontasters of PTC (the rats that pre- 
ferred saccharin) would have been 
homozygous for nontasting while the 
rats that were tasters of PTC (the rats 
that preferred water) would have been 
heterozygous and so could have pro- 
duced nontasting offspring. The possi- 
bility of variation in the bitterness of sac- 
charin in different rats has important 
consequences for studies of the hedonic 
value of saccharin to rats as well as for 
generalization studies (for example, con- 
ditioned aversion) using saccharin as a 
cue. 

The shapes of the psychophysical 
functions for saccharin suggest a strate- 
gy to reduce intake of saccharin. Note 
that the functions for the sweetness of 
saccharin are relatively flat for both 
tasters and nontasters. This means that if 
the concentration of saccharin in a prod- 
uct were reduced by a particular factor, 
the perceived sweetness would be re- 
duced by less than that factor (23). 

The present analysis of saccharin taste 
suggests a possible strategy for the de- 
velopment of nonnutritive sweeteners 
that would be palatable to most users. 
The bitterness of saccharin begins to rise 
rapidly with concentration at about 
0.001M sodium saccharin for nontasters. 
Careful study of how sweetness and bit- 
terness add in mixtures of nonnutritive 
sweeteners should reveal a way to con- 
struct a mixture sweetener by combining 
several compounds at concentrations be- 
low the onset of bitterness. 

LINDA M. BARTOSHUK* 
John B. Pierce Foundation Laboratory 
and Departments of Epidemiology and 
Public Health and Psychology, 
Yale University, 
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