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ABSTRACT 

A number of tlutlic* rrjwrt an impairment of the genetically inherited ability to 
taste ITC a.% a function of age. but ignore the cumulative effect of smoking on taste 
deterioration. Thi* «tudy examine* the effect of aging on taste sensitivity in non-
smoking: Mennonite population*. The results obtained preclude a cause and effect 
relationship between age and ITC taste sensitivity. These results are congruent 
with the claims \thich ascribe the observed deterioration in PTC taste sensitivity 
to the cumulative effects of smoking, rather than to the effects of aging per sr. 

A number of papers have been published on the effect of aging on diverse 
aspects of sensor)' function, including sensitivity to tactile stimuli (Axelrod 
and Cohen, 1961), vibration (Goffet al. 1965), thermal stimuli (Kragand 
Kountz, 1950), pain (Procacci et al. 1970), and auditor)* stimuli (Glorig 
and Nixon, 1962). The taste (e.g., Byrd and Gertman, 1959; Cooper et al. 
1959; Hughes, 1969) and smell modalities (e.g., Kimbrell and Furghott, 
1963; Rovee et al. 1975) also attracted attention in view of the obvious role 
that they play in the orientation and the reaction of an organism to its 
physical environment (Engen, 1977). 

The taste modality is generally investigated with reference to the 
primary taste qualities of sweet, sour, salt)', and bitter. Several investiga-
tors (e.g., Harris and Kalmus, 1949; Basu and Ghash, 1968; Akcasu and 
Ozalp, 1977) specifically focused on the genetically inherited ability to 
detect the bitterness of the chemical substance phenylthiocarbamide or 
phenylthiourea (PTC). 

Individual differences in detecting ITC were first noted by Fox (1931; 
1932). It was subsequently suggested that ITC tasting is inherited as a 
simple Mendelian autosomal trait (Blakeslee and Salmon, 1931; Snyder, 
1932), or at least it represents a trait on the borderline of a good Mende-
lian character (Bodmer and Cavalli-Sforza, 1976). PTC "tasters" are either 
homozygous for the dominant allele (T) or heterozygous (Tt) while "non-
tasters" are homozygous for the recessive allele (t). Recent claims 
(Rychkov and Borodina, 1969; Ibraimov and Mirrakhaimov, 1979) argue 
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for the existence of two co-dominant alleles (Ti and T2), both dominant to 
the non-taster allele (t), with T2 being responsible for hypersensitivity to 
PTC. The linkage relationships of the PTC locus with other loci have been 
of considerable interest (e.g., Gedde-Dahl and Monn, 1967; 1968; 
Chautard-Freire-Maia, 1974; Cjrandall and Spence, 1974). While Con-
neally et al. (1976) showed its linkage to the Kell locus, its assignment 
to a given chromosome is yet to be made. 

Most population studies of PTC tasting show a bimodal distribution of 
taste threshold frequencies, but reports also exist of polymodal distribu-
tions in some populations (e.g., Lugg, 1966a; 1966b). A review of the 
relationships between PTC tasting and disease may be found in Mourant 
et al. (1978). Its association with thyroid disorders is particularly interesting. 
While PTC is not a naturally occurring substance, the thiocarbamide group 
(S = C-N-H), responsible for the bitter taste of the compound is also found 
in a number of antithyroid food sources (e.g., cabbage, Brussels sprouts). It 
has been, therefore, hypothesized that PTC tasting functions as an oral 
mechanism for the detection and avoidance of bitter tasting natural goit-
rogens (Kitchin et al. 1959; Green, 1974). According to this argument, 
non-tasters and less sensitive tasters may be at a selective disadvantage 
during the first and second decades of life due to thyroid stress resulting 
from the ingestion of greater amounts of naturally occurring goitrogens, 
especially if this is coupled with already low iodine intake. It is notewor-
thy that Azevedo et al. (1965) found that adenomatous goiter occurs in a 
significantly higher frequency in non-tasters than in tasters, especially in 
males. At the same time, the homozygous taster genotype may be at a 
selective disadvantage during the third and fourth decades of life due to 
hyperthyroidism. 

A number of studies reported an impairment of PTC taste sensitivity 
with increasing age (e.g., Harris and Kalmus, 1949; Kalmus and Trotter, 
1962; Mohr, 1951; Akcasu and Ozalp, 1977). However, these studies 
ignored the cumulative effect of smoking on the reported deterioration of 
the ability to taste PTC (Fischer et al. 1963; Kaplan et al. 1964; Eriksson 
et al. 1970). The purpose of this paper is to report the distribution of PTC 
taste threshold frequencies in non-smoking Mennonite populations from 
Kansas and Nebraska, with special attention to the possible effect of aging 
on PTC taste sensitivity. 

MATERIALS AND METHODS 

Subjects. During fieldwork in 1979 and 1980 among Mennonite 
communities of Kansas and Nebraska by members of a multidisciplinary 
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research team investigating aspects of the aging process, 1157 individuals 
were tested for PTC taste thresholds. Of this total, 552 were males and 
605 were females, with 526 individuals (244 males and 282 females) being 
members of the Goessel, Kansas, community, 87 (39 males and 48 
females) belonging to the Meridian Mennonite congregation, and the 
remaining 544 individuals (269 males and 275 females) being from the 
Henderson, Nebraska community. With a few exceptions, all subjects 
were adults within the 18 to 92 age range. 

Historical background. Mennonites are a denomination of the broad 
Anabaptist movement. The origins of this movement may be traced to the 
turbulance of the sixteenth century and to geographical areas of present 
day Holland, Switzerland, Poland, and Germany. The historical details of 
the movement are discussed elsewhere (e.g., Dyck, 1967; Bender and 
Smith, 1964; Klassen, 1953; and Hostetler, 1959). Let it suffice to say that 
Mennonite history is complex, and involves the movement of ideas as well 
as that of people. The persecution experienced by Mennonites in Europe, 
eventually resulted in the immigration of many Mennonite families to the 
Unites States and Canada. 

Dyck (1967, p. 145) identifies eight major waves of Mennonite immi-
grants to the American continent. In the first wave, approximately 100 
Mennonites entered the United States between 1683 and 1705 from the 
Lower Rhine region, while in waves 2 to 5 about 8,000 Swiss Mennonites 
came between 1707 and 1895. These immigrants first settled in the east-
ern part of the United States, and then gradually spread westward. The 
Meridian sample in this study is based on the congregation of Meridian 
Church of God in Christ Mennonite Church, located near Hesston, Kan-
sas, and organized in 1873. Since the membership of this church is largely 
Pennsylvania Dutch (Mennonite Encyclopedia, 1973), it seems to repre-
sent the descendents of those immigrating with waves 1-5. 

The Mennonites settling in the Molotschna Colony of the Ukraine 
between the late 1780's and the mid 1830's were split by a schism into two 
factions, one of which became the Mennonite Brethern and the other the 
General Conference of Mennonite Church. Of these, some 18,000 indi-
viduals, largely of Dutch origin, left for the United States and Canada 
between 1873 and 1884 when it appeared that the Russians might renege 
on an earlier agreement concerning the permanent exemption of Menno-
nites from military service. The Goessel and the Henderson samples 
represent the descendents of these wave 6 immigrants. 

Approximately 2,000 Mennonites reside in the Goessel, Kansas, area 
(Mennonite Encyclopedia, 1973). This region has been inhabited since 
1874 by Mennonites, and is currently served by six churches. The Goes-
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sel sample was obtained from the three General Conference churches, 
namely, Alexandenvohl Mennonite Church, Tabor Mennonite Church, 
and Goessel Mennonite Church. The Alexandenvohl church was or-
ganized in 187-1 by 265 Mennonites immigrating en mass from Alexan-
denvohl village in Russia. Tabor and Goessel Mennonite Churches are 
both offshoots of the Alexandenvohl congregation. Tabor was organized in 
1908 and Goessel in 1920, both in response to overcrowding in the 
Alexandenvohl congregation. 

Henderson, Nebraska was first settled in 1874 by 207 Mennonite 
immigrants from the Molotschna settlement in the Ukraine (Mennonite 
Encyclopedia, 1973). There are now about 3,000 Mennonites in the Hen-
derson area. The sample was obtained from the four churches now serving 
this community, namely, Henderson Mennonite Brethren Church, 
Evangelical Mennonite Brethren Church, Bethesda Mennonite Church, 
and Calvary Bible Church. Bethesda, a member of the General Confer-
ence, was organized in 1874, and Henderson in 1876. The Evangelical 
Mennonite Brethren Church began in 1882 and the Calvary* Church in 
the 1950*s as the result of schisms. 

Procedures. All subjects were tested under Held conditions with a 
modified version of the Harrison and Kalmus (1949) technique. First, 
serially numbered solutions of ITC were prepared according to 1.3 X 
2<a-t» grams/liter, where n is the solution serial number. Subjects were 
administered the PTC solutions as squirts from polyethylene wash hot-
des, interspersed with distilled water and the liberal use of tap water as 
mouth-rinse in order to avoid the build-up of the chemical stimulus. An 
individual's taste threshold was then scored as the serial number of the 
weakest PTC solution correctly distinguished from water. 

RESULTS 

The PTC taste threshold distributions are given in Figures 1 and 2 for 
males and females respectively in the three Mennonite groups. The 
taster/non-taster distribution between the sexes was tested in all samples 
with 2 x 2 contingency tables. Tasters were defined as those individuals 
able to taste PTC solutions 4-14. None of the obtained chi-square values 
were statistically significant. The cumulative distribution of taste 
thresholds between the sexes was tested with the Kohnogorov-Sminiov 
two sample test (Siegel, 1956, p. 127), described in Hull and Nic (1979, p. 
58). This is more powerful than the x2 test, and is an appropriate measure 
in this case to test whether or not two independent samples come from 
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FIG. 1. ITC taslc? threshold distributions for Mennonite males. 

the same population or from imputations with the same distributions. This 
test is extremely sensitive to differences in the distributions from which 
the two samples were drawn. The results of the Kolmogorov-Smirnov test 
indicate differences in both the Goessel sample (Z = 1.603; 2-tailed p = 
0.01) and the Henderson sample (Z = 1.8-18; 2-tailed p < 0.01). In the 
Meridian sample the results indicate homogeneity between the two 
sexes. 

Similarly, contingency tables and the Kolmogorov-Smirnov test were 
used to examine the taster/non-taster distribution and the homogeneity of 
taste threshold values among the three Mennonite samples. The obtained 
results indicate genetic differences with regard to the PTC locus among 
the populations under consideration (x2 = 7.88; p < 0.02). This difference 
derives from the uniqueness of the Goessel and Henderson samples, with 
an excess of non-tasters in both of the sexes in Goessel and an excess of 
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FlC. 2. PTC taste threshold distributions for Mennonite females. 
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tasters in both of the sexes in Henderson. However, only the differences 
present among the fenale subsamples are indicated to be statistically 
significant with x2 analysis (x2 = 5.48; p < 0.02). The more sensitive 
Kolmogorov-Smirnov test, however, indicates statistically significant 
cumulative distributions for both males (Z = 2.148; 2-tailed p < 0.01) and 
females (Z = 2.710; 2-tailed p < 0.01) between the Goessel and Hender-
son populations. The Goessel-Meridian and Meridian-Henderson com-
parisons, on the other hand, yield homogeneous distribution in both of 
the sexes. 

In view of these differences between the sexes and between groups, 
the effect of aging on PTC taste sensitivity was analysed separately in each 
subpopulation (i.e., sex, group) by the methods discussed in Sokal and 
Rohlf (1969, p. 404) for regression. The calculations were carried out with 
SPSS subprogram Scattergramm (Nie et al. 1970). The results obtained 
from regression analysis are summarized in Table 1. 

An inspection of the obtained results for Pearson's r and r2 indicates a 
poor fit between the regression line and the data, and virtually no rela-
tionship between PTC taste thresholds and age, with most variation in 
PTC taste thresholds left unexplained by variation in age in all of the 
subsamples under consideration. Obviously, the obtained near zero val-
ues preclude a causal relationship between age and PTC taste thresholds 
in these Mennonite populations. The relationship between PTC taste 
sensitivity and age was also explored through the reanalysis of the data 

Table 1 
Influence of Age on PTC Taste Sensitivity in Mennonite 
Males and Females 

Statistic 
Subgroup 

Pearson's r 
(Significance) r2 

Standard 
Error 

of Estimate 
Intercept 

a 
Slope 

b 

Goessel: 
Male: - 0 . 0 7 4 (0.125) 0.005 3.403 6.476 -0 .013 
Female: - 0 . 0 3 2 (0.291) 0.001 3.574 6.585 - 0 . 0 0 6 

Meridian: 
Male: - 0 . 0 2 4 (0.442) 0.000 3.610 6.114 - 0 . 0 0 4 
Female: - 0 . 0 2 4 (0.433) 0.000 3.580 7.247 - 0 . 0 0 5 

Henderson: 
Male: 0.013 (0.411) 0.000 3.619 6.673 0.002 
Female: 0.035 (0.277) 0.001 3.716 7.199 0.008 
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separately within tasters and within non-tasters. The results obtained 
from the Goessel and the Henderson samples support the lack of associa-
tion between age and PTC taste sensitivity. Small sample sizes in the 
Meridian sample, unfortunately, precluded meaningful statistical 
reanalysis of the data separately for tasters and for non-tasters in this 
group. 

DISCUSSION 

The results of this investigation show that (1) different samples of the 
same religious isolate differ with regard to the PTC locus, (2) differences 
at this locus also exist between the two sexes within the same sample, and 
(3) there is no cause and effect relationship between age and PTC taste 
thresholds. 

If the variation observable in PTC tasting depends only on the alleles 
present at this locus, then population differences are only a function of 
gene frequency differences between the populations. Such differences in 
the present sample could have resulted either from local microdifferentia-
tion (i.e., genetic drift, natural selection) or from sampling accidents in 
the initial immigrants (i.e., founder effect). However, change over time in 
an individual's PTC tasting threshold and/or taster status may be induced 
by the cumulative effect of smoking (Kaplan et al. 1964), and possibly it 
may also relate to certain types of diseases (Mourant et al. 1978; Balogh 
and Lelkes, 1961). Between-individual and within-individual variation in 
the taste receptors introduces an additional problem. It is generally 
thought that the bitterness of PTC is detected by "taster" genotypes on 
the dorsal surface and in the back of the tongue. Consequently, the taste 
buds of the circumvallate, and perhaps the fungiform papillae, are in-
volved in PTC detection. However, observations made by one of us 
(M.H.C.) indicate that some individuals can detect PTC at the tip of the 
tongue also. It is noteworthy that taste impulses from the anterior and the 
posterior part of the tongue are carried by different nerves (Ham and 
Cormack, 1979, p. 649). In addition, the activity of gustatory papillae 
changes over time (Allara, 1939; El-Baradi and Bourne, 1951; Harris, 
1952). Full development of the gustatory papillae occurs at puberty, and 
Forrai and Bankovi (1968) did observe a high proportion of tasters at this 
age. A quantitative decline in taste buds is observed during normal aging, 
with as much as two-thirds of the gustatory papillae becoming atrophic in 
old age. Thus, the variation observed in this study between populations 
and between sexes within a population could have also resulted from 
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differences between populations or between the sexes in any one or any 
combination of these variables. 

The most interesting aspect of this study is the lack of a cause and 
effect relationship between age and ITC tasting. An aging effect on the 
sensitivity of PTC taste thresholds was first suggested by Harris and 
Kalmus (1949). Subsequently, this age-dependent deterioration was also 
noted by Mohr (1951). Kalmus and Trotter (19(52). Clanville et al. (1964), 
and Akcasu and Ozalp (1977). The impairment of ITC tasting as a possible 
function of the age-dependent decrease in the quantity of gustatory papil-
lae was explored by Clanville et al. (1964). I lowever, in view of Pfaflman's 
(1952) experiment on rats, it was concluded that change in taste sensitivity 
was not likclv to be directlv related to the number of taste buds. * * 

Investigations claiming an age-dependent deterioration in ITC taste 
sensitivity generally ignore the smoking habits of their subjects. Several 
studies (e.g., Knit et al. 1961; Fischer et al. 1963; Kaplan et al. 1965; and 
Eriksson et al. 1970), however, report an association between cigarette 
smoking and the sensitivity to taste bitter substances. The results of this 
investigation, based on ostensibly non-smoking Mennonite samples, pre-
clude a causal relationship between age and ITC taste sensitivity. Our 
results, thus, complement those of Kaplan et al. (196-1; 1965) which as-
cribe the observed deterioration in ITC taste sensitivity to the cumula-
tive effects of smoking, rather than to the effect of aging per sc. 

Kaplan et al. (1965) and Fischer et al. (1963) also suggest that the 
previously reported sex differences in tasting sensitivity, based on data 
analysed without regard to smoking habits, might be ascribed to the 
occurrence of different proportions of smokers in the sexes. The female 
subsamples in this study are more sensitive also in their ability to detect 
PTC than arc the males. However, it is difficult to ascribe this observation 
to differential smoking habits between the sexes in these ostensibly non-
smoking populations. Otherwise, factors its yet unidentified are implicated 
in the observable sexual difference in the distribution of ITC taste 
thresholds. 

Presumably the observed lack of association between age and ITC 
tasting is a specific expression of the absence of a cause and effect relation-
ship between aging and the ability to detect bitter tasting substances in 
general. The relationship between the ability to detect bitter tasting sub-
stances on the one hand and sweet, salty, and sour substances on the 
other is as yet unclear. Byrd and Gcrtman (1959), and Cooper et al. (1959) 
report a decline in all four primary tase qualities, Hinchcliffe (1962) re-
ports decline in the ability to taste salt and sugar, and Cr/^gorczjk et al. 
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(1979) report an increase in salt taste detection thresholds as a function of 
age. However, Gr/egorczyk et al. (1979) stated that the previous reports 
of salt taste acuity loss (e.g.. Murphy, 1978) have been exaggerated. In 
addition, these results might have been influenced by uncontrolled fac-
tors, for example the smoking habits of the subjects and the specifics of 
the testing-technique itself. 
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