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Long-delay taste aversion learning: Effects of
repeated trials and two-bottle testing conditions

ANTHONY L. RILEY and JOHN P. MASTROPAOLO
The American University, Washington, DC

Animals injected 1 h following saccharin consumption displayed a significant decrease in sac
charin intake on a subsequent one-bottle exposure. Animals poisoned 5 and 10 h following sac 
charin consumption failed to decrease subsequent intake. With repeated trials or with a two
bottle testing procedure, the subjects in the 5-h delay condition displayed a significant aversion
to saccharin. These data suggest that a number of nontemporal factors, in this case the number
of conditioning trials and the testing procedure, affect the temporal gradient within taste-aversion
learning. Under no conditions did the 10·h delay groups display an aversion to saccharin, sug
gesting a real limit on the delay that can be imposed between taste exposure and the administra
tion of the toxin and on the extent of taste memory within the aversion design.

Although taste aversions can be acquired over long de
lays, there does appear to be some temporal constraint
on the length of this delay; specifically, aversions seldom
are acquired when delays exceed 8-12 h (for reviews, see
Domjan, 1985; Riley & Tuck, 1985a, 1985b) . Yet
although 8-12 h does appear to be the point beyond which
animals do not learn taste aversions (see, however,
Etscorn & Stephens, 1973), within this limit the delay in
terval is subject to a number of manipulations. For ex
ample, increases in the concentration of the taste stimu
lus (Andrews & Braveman, 1975; Braun & Rosenthal,
1976) or in the dose of the toxin (Revusky, 1968) increase
the delay over which animals can learn the aversion. Simi
lar effects have been reported with variations in the du
ration of the taste exposure (Deutsch, 1978) .

If the delay over which taste aversion learning can oc
cur is subject to manipulations that affect aversion learn
ing in general, it should be expected that other manipula
tions that increase the likelihood of acquiring or displaying
an aversion would affect the delay length as well. This
prediction was tested in the following experiments in
which delay learning was assessed with repeated condi
tioning trials (Experiment 1) and within a two-bottle aver
sion test (Experiment 2), both of which procedures are
relatively sensitive in the assaying of taste aversions (see
Goudie, 1987; Klosterhalfen & Klosterhalfen, 1985; Riley
& Tuck, 1985b) .
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EXPERIMENT 1

Method
Subjects and Apparatus. The subjects were 24 experimentally naive,

female rats of Long-Evans descent, approx imately 90 days of age at
the beginning of the experiment. They were maintained on a 12:12-h
light :dark cycle for the duration of the experiment, at an ambient tem
perature of 23 0 C. All subjects were housed in individual wire mesh
cages for the duration of the experiment.

Procedure. Following water deprivation, all subjects were given a
2Q-minaccess to water once a day for 19consecutive days. At this point,
all subjects were drinking from the tube within 2 sec of its presenta
tion . On Day 20, saccharin (0.1 % Sodium Saccharin, Fisher Purified)
replaced water during the daily 2Q-min fluid-access period. Differen
tial treatment was then administered to four groups of subjects (n = 6
per group) . The subjects in Group I were given an intraperitoneal (IP)
injection of 1.8 mEq, 0 .15 M LiCI (76 mg/kg), 1 h following the 2Q
min exposure to saccharin. The subjects in Groups 5 and 10 were in
jected with this same dose of LiCI 5 and 10 h following saccharin ac
cess, respectively. The subjects in Group C were given an equivolume
injection of the distilled water vehicle at I, 5, or 10 h following sac
charin access (n = 2 for each delay) . On each of the following 3 water
recovery days , all subjects were given a 2Q-min access to water .

On the following day (Day 24), saccharin was again substituted for
water during the 20-min fluid-access period . As above , Groups I , 5,
and 10 were injected with LiCI 1,5, and 10 h following this 2Q-min
period , respectively . The subjects in Group C again received a control
injection at their respective delays . As above , on each of the following
3 water-recovery days all subjects were given a 2Q-minaccess to water.
This cycle of conditioning/water recovery was repeated until all thesub
jects had received a total of five complete cycles . On the day following
the last water-recovery period , all the subjects were given a 2Q-min ac
cess to saccharin in a final one-bottle test of the avers ion to saccharin .

Results
All statistical inferences were based on an analysis of

variance, and group differences were determined using
the least significant difference test. All reported signifi
cant differences are at the p < .05 level , two-tailed.

Figure I illustrates saccharin consumption on each of
the repeated conditioning trials . Water consumption in the
water-recovery sessions following each of these trials is
also presented. When saccharin replaced water on the first
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Figure 1. Amount of saccharin consumed (open bars) over repeated one-bottle conditioning trials for Groups 1,
5, 10, and C. The SEM for each trial is represented by the vertical line within the open bar. Connected dots represent
amount of water consumed during water-recovery sessions between successive conditioning trials.

conditioning trial, all groups drank approximately 12 ml
(see Figure I , Conditioning Trial I) . There were no sig
nificant differences in consumption on this exposure from
the previous 3 days' water baseline for any group.

On the second conditioning trial , significant differences
emerged in saccharin consumption among the four groups
of subjects (see Figure I, Conditioning Trial 2). Con
sumption for the subjects in Group I was significantly
decreased relative to their consumption during the initial
exposure to saccharin. The subjects in the remaining
groups did not display any significant change in saccha
rin consumption from their prepoisoned baseline . Dur
ing this exposure , Group I drank significantly less sac
charin than the nonpoisoned controls (Group C). No other
comparisons were significant for this exposure to sac
charin.

With repeated conditioning trials , Group I continued
to decrease saccharin consumption , drinking less than
0.5 ml on the final aversion test (see Figure I , Condi
tioning Trial 6). Although the subjects in Group 5 did not
significantly decrease saccharin consumption on the sec
ond conditioning trial, with repeated conditioning these
subjects drank significantly less saccharin relative to sac
charin consumed during their initial exposure. On the fi
nal aversion test, these subjects drank approximately 7 ml
of saccharin . The subjects in Groups 10 and C showed
no significant changes in saccharin consumption over
repeated conditioning trials, drinking approximately 12
and 13 ml on the final aversion test, respectively. On this
test , the subjects in Group I drank significantly less sac
charin than the subjects in Groups 5, 10, and C. The sub
jects in Group 5 drank significantly less than the non
poisoned controls. Groups 10 and C did not differ in sac
charin consumption during this final exposure to saccha-

rin. Water consumption during water-recovery sessions
did not differ from the prepoisoned water baseline for any
group at any point during conditioning.

EXPERIMENT 2

Method
Subjects and Apparatus. The subjects were 24 experimentally naive

rats of the same age, sex, and strain, and maintained under the same
conditions, as were the rats in Experiment I.

Procedure. The subjects in Experiment 2 were treated identically to
those in Experiment 1, except that, followingthefirst conditioninglwater
recovery cycle, these subjects were given access to both saccharin and
water in a 2D-mintwo-bottle preference test. At 1, 5, or 10 h following
this test, these subjects were injected with Liel (or distilled water;
Group C) . As above, all subjects were given a 2D-minaccess to water
during the following three water-recovery sessions. This cycle of two
bottle conditioning/water recovery was repeated until all the subjects
had received a total of four complete cycles. On the day following the
last water-recovery period, all the subjects were given a 20-min two
bottle preference test between saccharin and water.

Results
When saccharin initially replaced water on the one

bottle conditioning trial, all the subjects consumed approx
imately 13 ml of saccharin . There were no significant
differences in consumption during this exposure from the
previous 3 days' water baseline for any group .

Figure 2 illustrates saccharin consumption on each of
the repeated two-bottle conditioning trials (water con
sumption not shown). Water consumption during the
water-recovery sessions following each of these trials is
also presented. As illustrated , both Groups I and 5 drank
significantly less saccharin than Groups 10 and C on the
initial two-bottle conditioning trial (see Figure 2, Two
Bottle Trial I). Neither Groups I and 5 nor Groups 10
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Figure 2. Amount of saccharin consumed (open bars) over repeated two-bottle conditioning trials for Groups 1, S,
10, and C. The SEM for each trial is represented by the vertical line within the open bar. Water consumption on each
conditioning trial is not illustrated. Connected dots represented amount of water consumed during water-recovery ses
sions between successive conditioning trials.

and C differed from each other. There were no signifi
cant differences among groups in the overall level of fluid
consumption (saccharin + water) on this conditioning
trial .

With repeated conditioning trials, Groups 1 and 5 fur
ther decreased consumption of saccharin , each group
drinking less than 1 rnl of saccharin on the final two-bottle
trial . The subjects in Groups 10 and C showed no sig
nificant changes in saccharin consumption over repeated
conditioning trials , each group drinking approximately
8 rnl of saccharin on this trial. On the final two-bottle trial,
Groups 1 and 5 drank significantly less saccharin than
Groups 10 and C. Neither Groups 1 and 5 nor Groups 10
and C differed from each other . Overall fluid consump
tion (saccharin + water) did not differ among groups at
any point in conditioning or on the final aversion test.
Furthermore, water consumption on water-recovery ses
sions was never different from the preconditioning water
baseline for any group at any point during conditioning.

DISCUSSION

From both Experiments I and 2, it is clear that the delay gradient
in taste-avers ion learning is affected by nontemporal parameters.
Specifically, although subjects injected with LiCI 5 h following saccharin
consumption in Experiment 1 displayed no aversion after a single con
ditioning trial , they did significantly decrease saccharin consumption
with repeated conditioning (Experiment 1), and also did so after only
a single conditioning trial when a two-bottle test was given (Experi
ment 2). Thus, conclusions regarding the temporal gradient are depen-

dent upon whether one is describing the gradient after only a single trial,
with repeated trials, under a one-bottle testing condition, or under a two
bottle design . Similar to the work on varying taste concentration, taste
duration , and toxin dose (see above), the present data demonstrate that
characteristics of the delay gradient are a function of a range of factors .

It is interesting in this context that although the temporal gradient was
affected by repeated conditioning trials and the use of the more sensi
tive two-bottle design, the previously reported limit of the delay was
not affected . That is, avers ions were still not evident beyond 8-12 h
(in this specific research, at 10 h), suggesting that there may in fact be
a real limit on the delay over which animals can associate a taste and
toxicosis. Although there is no consensus as to why aversions weaken
with increasing delays (e.g., learned safety , interference , memory de
cay; see Domjan , 1985), it is possible that this limit may reflect the
extent of taste memory within this design .
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