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Speed and consistency of human decisions to swallow or spit sweet and sour solutions’
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Abstract. Measurements of the frequency and speed of spitting or swallowing citric acid, sodium saccharin, or mixture
solutions, using the taste of one of them as the definition of what was to be spit, revealed that ‘correct’ spits occurred
on > 70% of trials with equal reliability and latency among the liquids, indicating that recognition-based rejection
decisions in adult humans are as rapid and consistent for an arbitrary sweet taste as for a sour or mixed taste.
Key words. Taste; decisions; reaction time; sour; sweet; mixture spit; swallow.

The gustatory characteristic of regional or national hu-
man diets differ widely, but the children of individuals
from one region, when brought up in another locale, will
usually adopt the cuisine of their new habitat if they are
regularly exposed to it, and may find the diet of their
parents’ homeland unacceptable >~ >. These observations
indicate that much human taste-dependent preference
and rejection is experientially based. It is generally as-
sumed that the primary means through which this experi-
ence acts is learning ®~° (although learning-independent
effects of prenatal experience on gustatory structure and
function have also been demonstrated in a mammal'®).
Despite these experience-based differences in what are
considered acceptable foods and beverages, a fundamen-
tal consistency in human taste preferences is often stated.
The claim is that sweet things will be selected or accepted,
while others, especially sour or bitter, will be reject-
ed 1112 Tt is argued that sour things, for example, will be
much more likely to be immediately damaging than sweet
things ' 4. When adults nonetheless accept or select
sour items and reject sweet ones, this is taken to be a
learned reversal of the ‘natural’ human pattern'°.

If ‘natural’, unlearned human behavior is to reject sour
tasting substances and select sweet items, rejection of a
sour tasting substance should be faster or more reliable
than rejection of a sweet item, even in adults who have
learned to accept particular regional cuisines. It is known
that simple taste reaction time, i.e., detection that any
taste is present, is generally more rapid for acids than for

sweeteners 1 7. Faster or more reliable rejection would
be predicted because taste-dependent behavior that
rapidly and consistently removes from the oral cavity
substances that are usually dangerous should be maxi-
mized through natural selection. We tested this hypothe-
sis by providing 15 paid, screened *®, volunteer subjects
(age 21 + 6 years {mean + SD}, 7 female) with a target
taste sipped from a 100-ml drinking glass containing
80 ml of liguid (10 mM analytical reagent grade citric
acid [citric] or 2 mM United States Pharmacopoeia sodi-
um saccharin [NaSac] or a mixture containing both [mix-
ture], prepared in distilled water (H,0) (refractive in-
dex = 1.3330; conductivity < 1.5 uS), and instructing
subjects to then take a sip from 100-ml drinking glasses
containing 80 ml of test liquids. The sipped test liquids
were to be spit out if they corresponded to the target
taste, but were otherwise to be swallowed. Subjects used
each of the three target tastes once in individual sessions
separated by 10 min. Sessions began with a vigorous
whole mouth rinse with H,O, a practice series of sips and
spits or swallows, and then another whole mouth rinse
with H,0. 10 min after the completion of the practice
sips, the 8 data sips of cach session were begun. No
information whatsoever was given on the taste of the
target or test tastes, or the accuracy or speed of spits or
swallows. Two of the 8 test drinking glasses contained
the sour target liquid citric, the equally intense'®"?°
sweet target liquid NaSac?!, the sweet/sour ** mixture,
or H,0, in random order. Start of contact between
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Bar diagrams giving mean spit (A) or swallow (B) reaction times (RT), in
seconds (bars and left hand ordinates), with vertical lines extending from
the tops of bars indicating SEM, combined with scatter-plots (symbols
and right hand ordinates) of percent (%) spitting (A) or swallowing (B),
of 4 test stimuli. Absence of an RT bar denotes 0 mean, SEM. The target
taste was either the same as (=) the test taste (left-most triad of each
diagram) or was citric or NaSac or mixture (three right hand triads of
each diagram). Horizontal striped bars denote RT for spits (A) or swal-
lows (B) to citric test stimuli; black-dotted bars, to NaSac; gray bars, to

the subject and the liquid in each glass was detected by a
drinkometer, onset of spitting was indicated by EMG
recording from the lips, and swallows were registered by
a laryngophone??. Reaction times were derived from
these measures.

We found that the frequencies of spitting versus swallow-
ing the test liquids when the latter corresponded to a
target liquid (correct spitting & incorrect swallowing)
were significantly different from the frequencies when the
test liquids were not the same as the specified target
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mixture; clear bars, to water test stimuli. Filled ellipses are percent spits
(A) or swallows (B) for citric test stimuli; squares, for NaSac; circles, for
mixture, and triangles, for water test stimuli. For the spit diagram and
scatter-plot (A), the correct response was to spit the test taste liquid when
it corresponded to the target taste (left-most triad), but to otherwise not
spit. For the swallow diagram and scatter-plot (B), the correct response
was to swallow the test liquid excepr when it corresponded to the target
taste (left-most triad).

liquid (correct swallowing & incorrect spitting) (fig.),
p=4.16 x 187'® (Pearson chi-square [y?] = 75.242,
df =1, ¢ = 0.471). Swallow reaction times also differed
significantly between correct (test liquid # target liquid)
and incorrect swallows (analysis of variance [ANOVA]
derived contrast, F[1, 223] = 15.326, p < 0.0001) al-
though spitting reaction times did not (F[1, 93] = 1.865,
p = 0.175). However, between the three target liquids
and their corresponding test liquids (target = test; cor-
rect spitting & incorrect swallowing) there were no differ-
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ences in either frequencies of spitting versus swallowing
(x* = 4.335,df = 2, p = 0.144, ¢ = 0.226) or in reaction
times for spitting (ANOVA, F[8, 95] = 11.25, p = 0.353)
or swallowing (ANOVA, F[2, 24] = 0.438, p = 0.650).
This absence of differences indicates that oral rejection of
a sour tasting liquid (citric) is neither faster nor more
reliable than rejection of a sweet liquid (NaSac) when
rejection is dependent upon recognition of the taste. In
similar fashion, the amount of sourness did not affect
frequencies of spitting versus swallowing (comparison
between all conditions for which the test solution was
more sour than the target liquid [citric or mixture = test
& NaSac = target; citric = test & mixture = target} ver-
sus all conditions for which the test solution was less sour
than the target liquid (Je.g., NaSac = test & cit-
ric = target], y> = 0.371, df = 1, p = 0.542, ¢ = 0.046).
The amount of sourness also failed to affect reaction
times for swallowing (ANOVA derived contrast, F[1,
223] = 0.049, p =0.826) or spitting (ANOVA, F[8,
95} = 11.25, p = 0.353).

The mean incorrect swallowing reaction time was 1.4
times as long for citric = target & test (citric-citric) as
for mixture-mixture, with NaSac-NaSac in an inter-
mediate position. Thus, reaction time for swallowing
when target = test (incorrect swallowing reaction time)
tended to be slowest for the sour stimulus (1.1-1.6 s
longer); this difference approached statistical signifi-
cance (ANOVA derived contrast, F(1,223] = 3.686,
p = 0.056). This trend does not appear to be due to the
taste of citric per se, since correct citric swallowing reac-
tion times when NaSac or mixture was the target liquid
did not differ from correct NaSac or mixture swallowing
reaction times when citric was the target liquid (ANOVA
derived contrast, F[1, 223] = 0.133, p = 0.696). In addi-
tion, correct citric swallowing reaction times were much
faster (1.1—3 s) than, and significantly-different from, the
incorrect citric swallowing reaction times (ANOVA
derived contrast, F[1, 223] = 10.713, p = 0.001).
Responses when target = mixture may have been more
difficult than for the other target solutions. The frequen-
cy of incorrect spits when target = mixture was > twice
the frequency when target = citric or NaSac, and the
incorrect spit reaction times when target = mixture
were =>0.8 s longer then when target + mixture (fig., A).
Furthermore, correct swallow reaction times for citric
and mixture as target or test liquid were higher than,
(fig., B) and significantly different from all correct swal-
low reaction times with other liquids (ANOVA derived
contrast, F[1, 223] = 11.963, p = 0.001). However, a sig-
nificant difference was not present when correct swallow
reaction times for citric and NaSac as target or test liquid
were compared with correct swallow reaction times
for mixture = target (ANOVA derived contrast, F[1,
223] = 2.149, p = 0.144). Thus, swallowing decisions in-
volving citric and mixture, but not NaSac and mixture,
were especially problematic, although mixture is com-
posed of both NaSac and citric.
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H,O was a test liquid but not a target liquid so that there
would be one test liquid for which no possible confusion
could exist due to some instances in which the liquid
should be spit and others when it was to be swallowed.
The correct response was always to swallow H,0. Ap-
proximately 100% swallowing of the H,O test liquid
would be expected if subjects understood and followed
the instructions. We found that the frequency of H,O
swallowing, which ranged from 97% to 100% (fig., B),
was > all other test liquids (x*=19.188, df =1,
p=1.19 x 1077 ¢ = — 0.275). Reaction time for H,0
swallowing also could not be lengthened by possible con-
fusion from prior contrary instructions. However, before
choosing to swallow, subjects must always decide that
the taste of a test liquid is not the same as the target taste.
Therefore, swallowing reaction times for H,O and the
other test liquids should be similar unless particular
target and test liquid combinations were especially diffi-
cult. We found that H,O’s mean swallow reaction times
were within 0.6 s of the correct swallow reaction times for
all other test liquids except for citric and mixture as
target or test liquid (fig., B). As noted above, citric and
mixture reaction times were significantly different from
all correct swallow reaction times with other liquids
(p = 0.001).

Overall, the total variance of swallow reaction times
(ANOVA sum of squares [SS] = 150.966, error SS =
829.833, df = 223) was accounted for by two significant
components: incorrect versus correct swallow reaction
times (8S = 57.030), with the incorrect longer, and cor-
rect swallow reaction times for citric-mixture or mixture-
citric versus all other correct swallow reaction times
(SS = 44.519), with citric & mixture longer. When these
two components were subtracted from the total SS, the
remaining SS was no longer significant (SS = 49.417,
9, 223] = 1.4395, p = 0.172).

Our observations failed to support the hypothesis that
‘natural’ human behavior is to rapidly reject sour tasting
substances and accept sweet items. For adults, at least,
learned rules (e.g., reject taste X but consume tastes Y
and Z) appeared to be a major factor in taste-depen-
dent acceptance. This is perhaps not surprising since
the adults who were tested probably had been exposed
to, and had learned to consume, a wide variety of
cuisines. Changes in the rules were easily learned (e.g.,
now reject taste Y but consume tastes X and 7).
Such gustatory plasticity may be related to prior knowl-
edge or experience that particular substances are not
to be consumed on certain days, or in specified contexts
or locations. One positive observation was the difficul-
ty of citric versus mixture responses, resulting in a
high frequency of incorrect spits and longer correct
swallow reaction times for these pairings. The diffi-
culty may reflect the increased complexity of certain
taste mixtures?® 24, or may indicate that discrimina-
tions between citric and mixture are especially trouble-
some.
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Abstract. The attraction of gravid Culex quinquefasciatus by the oviposition pheromone, erythro-6-acetoxy-5-hexade-
canolide, and by polluted water is described. Both materials increase oviposition and when combined the effect is
additive. The oviposition behaviour is reflected by the antennal sensitivity to these compounds.

Key words. Oviposition pheromone; polluted water volatiles; oviposition behaviour; electroantennogram.

Culex quinquefasciatus is the principal urban vector of
Bancroftian filariasis in the tropics* and is the vector for
St. Louis encephalitis (SLE) virus and other arboviruses
in the USA®. An efficient surveillance programme for
arbovirus vectors such as this species would greatly ben-
efit affected areas. Existing trapping techniques are ex-
pensive, inconvenient and inefficient; using light, CO,
and vertebrate baits, they catch mainly unfed individuals.
Recently introduced oviposition traps, baited with fer-
mented organic infusions of materials such as hay and
cattle manure®”8, are more promising. They mainly
catch blood-engorged and gravid females preferentially,
resulting in higher arbovirus isolation. Clearly a synthet-
ic attractant for these ovi-traps would greatly facilitate
their servicing but the attractive components of such
infusions are only now being identified®. In the field,

gravid females use a combination of physical and chem-
ical cues such as visual, tactile, contact chemoreceptory
and olfactory stimuli'®~*? to locate and select oviposi-
tion sites. Some chemical stimulants arise from the envi-
ronment, e.g. microbial decomposition products *3, and
communicate the presence of larval food in the prospec-
tive oviposition site. In addition, C. quinguefasciatus
oviposits egg rafts on the surface of water which, on
maturing, release a pheromone from apical droplets
formed on the eggs '* that attracts females of this species
and others of the genus!®. The pheromone comprises
(—)-(5R,68)-6-acetoxy-5-hexadecanolide !+ 16 and in
the field, the synthetic racemic pheromone effectively
concentrates oviposition *”> ', We report on behavioural
and electrophysiological studies on the attraction of C.
quinquefasciatus to the oviposition pheromone alone and



