subtle differences between the variability in
the oN responses to the annulus (circles)
and the variability of the firing rates in the
dark.

We have shown that oN response mech-
anisms have variability (noise) that is not
shared by other mechanisms; our data also
show that this noise is not simply an un-
correlated component that is added to the
variability present in the dark. If an un-
correlated variance were added to an exist-
ing variance, the variance of the sum would
be larger than either alone. In all the cells
we have investigated, we have observed no
systematic tendencies for the variance to
go either up or down during the stimuli (in
Table I, for example, the variance happens
to drop during the stimulus). Among the
number of mathematically indistinguish-
able ways that this may be accomplished
are the following. (i) A noise component
may be introduced with the stimulus and
added to the noise in the dark; however,
to maintain a relatively constant variance
in both conditions, the two components
must be negatively correlated. (ii) If the
noise that is added during the stimulus is
not correlated with the noise in the
dark, then the noise in the dark must be
attenuated during the stimulus (8). The in-
dependence indicated by the different ap-
pearances of the autocorrelation functions
leads us to prefer the second hypothesis
).

In summary, we propose that on and
off information is generated in the retina
by independent mechanisms, each of which
contains its own source of variability. Gen-
eral theories of receptive field organization
must account for this duplicity of ganglion
cell operation. In addition, our method of
analysis should be useful for investigating
the relations between different receptor
systems or different spatial components of
the receptive field.

MiICHAEL W. LEVINE
JEREMY M. SHEFNER
Department of Psychology,
University of lllinois at Chicago Circle,
Chicago 60680
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Cross-Cultural Differences in Simple Taste Preferences

Abstract. A population of Indian laborers who show high preferences for sour and bit-
ter tastes has been studied. Their judgments of taste intensity and pleasantness of sweet
and salty stimuli are in accord with European population estimates, which suggests that
dietary history may alter preferences for simple taste stimuli without affecting the gusta-

tory system.

It has been assumed that our pattern of
taste preferences is part of our genetic
composition. Sweetness is a pleasant taste,
saltiness may be pleasant at low levels but
unpleasant at higher ones, and sourness
and bitterness become increasingly un-
pleasant as the concentrations increase.
These taste preferences have been studied
only with model aqueous systems, and gen-
eralizations to food preferences should be
made with caution. The complexities and
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Fig. 1. Rated taste intensity and taste pleasant-
ness for four compounds. The coordinates are
log-log. The data, obtained by the method of
line matching, are from a group of laborers
from the Karnataka region of India. Solid
markers are of judgments made after lunch
and open markers are of judgments made after
fasting.

nuances of foods, and one’s expectations
about taste qualities, preclude any such
simple classification once cognitive factors
are taken into account. Evidence for the
dichotomy of taste preferences for aqueous
solutions derives from a long history of
psychophysical studies, in which the sub-
ject is asked to judge either whether the
taste is pleasant, neutral, or unpleasant (1),
or the degree of such pleasantness and un-
pleasantness (2-4), or to rank tastes in
order of pleasantness (5). The results of the
studies obtained with Western populations
agree with each other and confirm the
striking division of the taste world into two
categories with sweer referring to a pleas-
ing aspect, and bitter and sour referring to
a displeasing one.

Studies with Indian medical students
from St. John’s Medical College, Banga-
lore, India (6), which we conducted by
standard psychophysical techniques con-
firmed that the sweet taste is pleasant, that
salty is both pleasant and unpleasant,
whereas sour and bitter are primarily un-
pleasant. In fact, the curve relating taste
pleasantness of glucose solution exhibited
the same maximum preference level (1.0M
glucose) as did studies with U.S. testers in
various other experiments (3, 7).

We find different preferences among il-
literate Indian laborers from the Karna-
taka region in India. These laborers subsist
on a sparse diet (1200 to 1500 calories)
that contains many sour foods. The tama-
rind fruit, which tastes extremely sour and
slightly sweet, is chewed as a confection,
and another major dish, lentil soup, is fla-
vored with tamarind fruit to produce a
fairly sour dish. As a general rule their diet
more strongly emphasizes sour tastes than
do Western diets.

Because many of the individuals in this
group of laborers were illiterate, we tested
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their subjective judgments of taste by hav-
ing them draw lines to reflect the strength
and the pleasantness of a taste (8). We test-
ed ten individuals twice, once after a 14-
hour fast (just before breakfast) and next,
just after lunch (9). The taste stimuli were
six concentrations each of glucose, NaCl,
citric acid, and quinine sulfate (/0). Three
confirmatory replicate judgments were ob-
tained for each quality (sweet, salty, sour,
bitter), each concentration, each attribute
(intensity, pleasantness), and each condi-
tion (fasting, after eating) (9). Small paper
cups holding about 10 ml of solution were
presented in a random order of concentra-
tion at room temperature. The subject was
required to rinse his mouth with water be-
tween samples.

Subjects rated the more concentrated
solutions as tasting stronger (Fig. 1). Since
many of the functions appear to have long
linear segments in log-log coordinates, the
middle range of concentrations seems to
produce power functions relating sub-
jective taste intensity to physical molarity
(11). In contrast, the ratings of preference
are more curvilinear (/2). The preferences
for sour and bitter are anomalous. Where-
as Western populations find the taste of
citric acid and quinine to be unpleasant,
the Karnataka laborers reported that citric
acid became increasingly pleasant as the
concentration was increased, and that
quinine sulfate was exceptionally pleasant
at low concentrations and became less
pleasant only with large increases of con-
centration. We found no significant dif-
ferences between ratings of pleasantness
made under the two hunger conditions, in
contrast to the hypothesis of alliesthesia
(13), which predicts that satiety reduces the
pleasantness of the sweet taste (13, 14).

Our findings bear upon two major issues
in responses to simple sensory stimuli: (i)
the influence of dietary (or genetic) factors
and (ii) the influence of body state (hunger
or satiety). The anomalously high pleas-
antness ratings for citric acid and quinine
sulfate differ from the ratings for similar
compounds made by Western subjects
(1), and of Indian medical students tested
in the same locale by similar procedures
(15). The Karnataka group scored in-
tensity and pleasantness of glucose and
NaCl in a manner similar to that of West-
ern populations, so that the anomaly is not
due to the method of measurement. Diet-
ary history recommends itself as a partial
explanation. The tamarind fruit chewed by
these laborers is slightly sweet but ex-
ceptionally sour. It seems reasonable to as-
sume that these subjects were able to dis-
tinguish between the samples (aqueous so-
lutions of test substances) and real foods,
so that the high preference ratings given to
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citric acid probably reflect an actual pref-
erence for sourness. Another possibility is
that genetic inbreeding of these laborers
may yield a population which finds sour-
ness acceptable; that hypothesis requires
extensive further investigation.
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Cochlear Tuning Properties: Concurrent Basilar Membrane and

Single Nerve Fiber Measurements

Abstract. Removal of perilymph from the cochlea has been reported to destroy the
sharp tuning of cochlear neurons. That these changes are mechanical in origin is refuted
by the concurrent recording of sharp neural tuning with broad basilar membrane re-
sponses from the same region of the partially drained cat cochlea. A second cochlear fil-

ter is therefore necessary.

There is still controversy concerning the
origin of the sharply tuned characteristics
exhibited by the single cochlear nerve fi-
bers of all mammalian species so far inves-
tigated. Comparisons of the filtering char-
acteristics observed in measurements of
the amplitude of basilar membrane vibra-
tion with those of frequency threshold
curves (FTC’s or tuning curves) of single
cochlear fibers in the same species show
evidence of a substantial discrepancy
[guinea pig (I-4); squirrel monkey (3)].

On this, and on a number of other grounds,
it has been suggested that cochlear filtering
is a two-stage process: the first filter (that
of the basilar membrane) being followed
by a physiologically vulnerable second fil-
ter (I-3; 6). The validity of these com-
parisons between basilar membrane and
cochlear nerve measurements, however,
has recently been questioned by Robertson
(7), who demonstrated that drainage of the
scala tympani, as is required for some of
the mechanical measurements in the

SCIENCE, VOL. 190



	Cit r196_c277: 


