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a  b  s  t  r  a  c  t

In  two  experiments,  rats  received  exposure  to  either  a  saccharin  or quinine  solution  followed  by  condi-
tioning  with  a solution  of  almond  as  the  conditioned  stimulus  (CS) and  either  saccharin  or  quinine  as  the
unconditioned  stimulus  (US).  In Experiment  1, rats  received  preexposure  and  conditioning  using  saccha-
rin as the  US;  in  Experiment  2  quinine  was  the  US. In  both  cases the  magnitude  of  the  conditioning  effect
eywords:
lavor conditioning
S-preexposure effect
locking
abituation

(an  enhanced  preference  for the  CS  in  Experiment  1;  a  reduced  preference  in Experiment  2)  was  reduced
by preexposure  to  the  US.  The  results  provided  confirmation  of  the occurrence  of  the  US-preexposure
effect  in  the  flavor-preference  procedure  and demonstrate  that the effect  can  be obtained  with  nonnu-
tritive  USs  that  lack  significant  post-oral  consequences.  The  implications  of  these  results  for  theories  of
the  US-preexposure  effect  are  discussed.

© 2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

Prior exposure to the event to be used as the unconditioned
timulus (the US) in classical conditioning can retard subsequent
earning (the US-preexposure effect). The effect is particularly well
stablished for the case of nausea-induced flavor-aversion learn-
ng (Hall, 2009; Riley and Simpson, 2001). Rats given a series of
njections of a nausea-inducing substance such as lithium chloride
LiCl) show retarded acquisition of the aversion to a novel flavor
hen this flavor is paired with LiCl in a conditioning procedure

and the same is true of a range of other substances normally capa-
le of supporting aversion learning; Riley and Simpson, 2001). The
ffect is not confined to aversive learning—for example, Gil et al.
2011) have shown that preexposure to sucrose will reduce the
ffectiveness of sucrose to function as a reinforcer in establishing a
reference for a previously neutral flavor.
The US-preexposure effect is of special interest, as it seems to
mply the existence of a learning process that modifies the effec-
iveness of this stimulus and thus modulates the operation of

∗ Corresponding author. Tel.: +34 958 249419/+34 653 562312;
ax: +34 958 246239.

E-mail addresses: martagil@ugr.es, mgnajera@yahoo.es (M. Gil).

ttp://dx.doi.org/10.1016/j.beproc.2014.04.015
376-6357/© 2014 Elsevier B.V. All rights reserved.
standard associative mechanisms. Randich and Lolordo (1979), in
their review of the effect, acknowledged this possibility by includ-
ing habituation of the US as a possible mechanism. They also
pointed out that a standard associative process (blocking) could be
responsible—that cues present during preexposure (such as those
supplied by the experimental context) could become associated
with the US and that their presence during conditioning could block
the acquisition of associative strength by the event designated by
the experimenter as the conditioned stimulus (the CS). There is
evidence that this latter mechanism operates in the flavor aversion
learning procedure (although the cues critical for blocking are not
those supplied by the environmental context, but those associated
with the process of giving an injection; De Brugada et al., 2004).
There is little evidence to support the notion that habituation to
the US plays a role (see De Brugada et al., 2005).

In order to investigate the US-preexposure effect in a procedure
in which initial presentations of the US would not be accompa-
nied by salient cues, Gil et al. (2011) turned to flavor-preference
conditioning. In this procedure pairing of a neutral flavor with a val-
ued substance such as sucrose, will establish a preference for that

flavor, an outcome that we will assume to depend on the forma-
tion of an association between the flavor as a CS and some aspect
of the sucrose US. Preexposure to the US can easily be arranged
simply by giving access to a sucrose solution; rats will consume

dx.doi.org/10.1016/j.beproc.2014.04.015
http://www.sciencedirect.com/science/journal/03766357
http://www.elsevier.com/locate/behavproc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.beproc.2014.04.015&domain=pdf
mailto:martagil@ugr.es
mailto:mgnajera@yahoo.es
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Table 1
Experimental designs.

Experiment 1a

Group Conditioning Test

SIM 4 A + Sacc A vs. W
UNP 4 A/Sacc

Experiment 1b

Group Preexposure Conditioning Test

PRE 8 Sacc 4 A + Sacc A vs. W
CON 8 Water

Experiment 2a

Group Conditioning Test

SIM 4 A + Quin A vs. W
UNP 4 A/Quin

Experiment 2b

Group Preexposure Conditioning Test

PRE 8 Quin 4 A + Quin A vs. W
CON 8 Water
8 M. Gil et al. / Behavioura

his readily, thus eliminating the injection-related cues involved in
version conditioning. Using this procedure, Gil et al. showed that
he size of the conditioned preference was reduced by preexpo-
ure to sucrose (see also Harris et al., 2004) They also showed that
his US-preexposure effect was fully evident when the environ-

ental context used for conditioning was different from that used
or preexposure, thus ruling out the possibility that this effect might
epend on blocking by associative strength acquired by contextual
ues during the preexposure phase. They tentatively concluded that
he effect obtained in their experiments was the consequence of a
abituation process that reduced the effectiveness of sucrose as a
einforcer.

Although the results reported by Gil et al. (2011) are not to
e explained in terms of blocking by contextual (or injection-
elated) cues, another possible source of blocking, when sucrose
s the US needs to be considered. This arises from the fact that
ucrose has both sensory (a sweet taste) and post-consumption
nutritive) properties, and that both of these may  play a role in
avor-preference learning (e.g., Sclafani and Ackroff, 1994; Sclafani
t al., 1993). In terms of an associative analysis, pairing a flavor with
ucrose will establish both flavor-taste and flavor-nutrient associ-
tions (e.g., Harris et al., 2000) and normally both will contribute
o the preference seen on test. The situation may  be different, how-
ver, if preexposure to sucrose is given. Prior exposure would allow
he subject to experience the novel taste of sucrose followed by its
utritional effects and thus a taste-nutrient association could be

ormed in rats given US preexposure. Such an association could
lock the formation of a flavor-nutrient association during con-
itioning trials. The flavor-sweet taste association would still be
ormed, but the preexisting association between taste and nutri-
ion would prevent the flavor-nutrient association from acquiring
trength. The reduced preference in preexposed subjects would
hus reflect that it was generated only by the flavor-taste associ-
tion, with no contribution from flavor-nutrient learning.

The experiments to be reported here are intended to seek evi-
ence for a US-preexposure effect using as the US a substance
ithout major post-consumption consequences. With such a US,

ny change in the preference for a flavor paired with it will be
he consequence solely of the formation of an association between
he flavor and the taste of the US. In these circumstances, a US-
reexposure effect could not be attributed to the blocking process

ust described. In Experiment 1 we used saccharin as the US; in
xperiment 2 we used quinine (for which conditioning is evidenced
y a reduction in the preference for the flavor associated with the
S). In both experiments we used a solution of almond flavoring as

he CS. This is likely to be detected primarily as an odor, but since it
ay  also have some taste- (particularly at higher concentrations)
e will refer to it as a flavor (acknowledging the possible presence

f both taste and odor). Saccharin and quinine are taken to be tastes.

. Experiment 1

In this experiment we gave rats exposure to presentations of a
olution of saccharin prior to conditioning trials in which saccha-
in was presented in compound with almond. Preference for this
avor on test was compared with that shown by control subjects
iven conditioning but no preexposure. A lesser preference in the
ubjects given preexposure would be evidence of a US-preexposure
ffect. As the ability of saccharin to support the acquisition of a fla-
or preference depends critically on the exact conditions of training
e.g., Fanselow and Birk, 1982; Holman, 1975), we conducted a pre-

iminary study, in which no US preexposure was given, in order
o confirm that a conditioning effect could be obtained with our
xperimental parameters and procedures. In this we compared the
reference generated by our pairing procedure, with that shown by
Note: Sacc: sodium saccharin solution; Quin: quinine sulphate solution; A: almond
solution; W:  water; SIM: paired presentations; UNP: unpaired presentations; PRE:
preexposed: CON: nonpreexposed control.

rats given equivalent exposure to saccharin and almond, but on sep-
arate occasions. This study is reported as Experiment 1a; the effect
of US preexposure as Experiment 1b. The experimental designs are
summarized in Table 1.

2.1. Method

2.1.1. Subjects and apparatus
The subjects in Experiment 1a were 16 male hooded Lister rats

(from Charles River Laboratories) with a mean free-feeding weight
of 482 g (range: 473–492 g). They had previously served as subjects
in an experiment using the conditioned suppression paradigm but
were naïve to all aspects of the current stimuli and procedures.
Experiment 1b used 16 male naïve Wistar rats (obtained from the
University of Seville Laboratories) with a mean free-feeding weight
of 285 g (range: 256–312 g). The rats were housed individually in
home cages measuring 35 × 22 × 18 cm,  and made of translucent
white plastic with wood shavings as bedding. They were main-
tained on a 12-h light/12-h dark cycle (lights on at 8:00 a.m.). All
experimental procedures were conducted in the home cages. The
stimuli used were, as the CS, a 1% (v/v) almond solution (almond fla-
voring supplied by Supercook, Leeds, UK), a 4 g/l sodium saccharin
solution (US), and a compound of almond and saccharin made up so
as to preserve these concentrations. All solutions were made with
tap water and given to the animals in inverted 50-ml centrifuge
tubes equipped with stainless steel, ball-bearing-tipped spouts in
the home cages. Fluid consumption was  measured by weighing the
tubes before and after fluid presentations.

2.1.2. Procedure
To initiate a schedule of water deprivation, the standard water

bottles were removed overnight; over the next two days, access
to water was restricted to two 30-min sessions per day (start-
ing at 11 a.m. and 4:30 p.m.). Fluids continued to be given at

these times throughout the experiment. For Experiment 1a, the
rats were assigned to two equal-sized groups. Over the next four
days, the simultaneous group (SIM in the table) received a daily
presentation of 10 ml  of the compound solution in one of the
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Table  2
Test consumption (ml).

Experiment 1a

Group Almond Water

SIM 11.65 (0.78) 2.43 (0.69)
UNP 6.27 (1.31) 8.36 (1.90)

Experiment 1b

Group Almond Water

Trial 1 Trial 2 Mean Trial 1 Trial 2 Mean

PRE 6.76 (0.89) 5.22 (1.00) 5.99 (0.83) 4.01 (0.57) 6.84 (0.74) 5.43 (0.44)
CON  7.80 (0.73) 7.87 (1.02) 7.83 (0.69) 3.74 (0.80) 2.96 (0.79) 3.35 (0.67)

Experiment 2a

Group Almond Water

SIM 7.07 (1.56) 6.99 (1.60)
UNP 12.08 (1.37) 2.83 (1.23)

Experiment 2b

Group Almond Water

Trial 1 Trial 2 Mean Trial 1 Trial 2 Mean

PRE 8.51 (1.72) 7.88 (1.31) 8.19 (0.95) 6.10 (1.34) 5.19 (1.31) 5.65 (0.80)
) 
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CON  4.15 (1.81) 5.48 (1.83) 4.81 (1.20

ote: SIM: paired presentations; UNP: unpaired presentations; PRE: preexposed: C

rinking sessions (10 ml  of water being available on the other
ession). The other, unpaired, group (UNP in the table) received four
resentations of almond and four of the saccharin solution (10 ml
f each per session). The presentation of the stimuli over condition-
ng sessions was counterbalanced, with half of the subjects in each
roup receiving the sequence X–Y–Y–X, and the other half of the
nimals receiving Y–X–X–Y; where X means almond + saccharin
group SIM) or saccharin (group UNP) and Y means water (group
IM) or almond (group UNP). Presentations were counterbalanced
ver the morning and afternoon sessions. After this cycle was com-
leted, all subjects received a 30-min preference test in which
wo bottles were presented concurrently, one containing 30 ml  of
lmond and one 30 ml  of water. The left-right position of the bot-
les was counterbalanced within each group, and the position for
ach rat was swapped after 15 min  of the test. The test was  carried
ut during the morning session.

The subjects for Experiment 1b were assigned to two equal-
ized groups, one given preexposure to the US (PRE in the table),
nd one not (CON). After the schedule of water deprivation had been
stablished, the next eight days constituted the preexposure phase.
ne each of these days, animals in the preexposed group received
5 ml  of saccharin solution in the morning sessions whereas ani-
als in the control group received the same amount of water.
d lib water was presented in the afternoon sessions. The next

our days constituted the conditioning phase in which all subjects
ere given access to 15 ml  of the almond + saccharin compound

or 30 min  (water again being presented in the afternoon). Prefer-
nce tests were given in the morning sessions of the next two  days,
he procedure being as described for Experiment 1a. All the exper-
mental procedures are in accord with the ethical guidelines of the
niversity of Granada.

.1.3. Results and discussion
.1.3.1. Experiment 1a. Neophobia was seen during the condition-
ng phase in that the rats showed an initial reluctance to consume
he saccharin solution. On Trial 1, the SIM group consumed a mean
f 1.41 ml  of the compound solution and the UNP group a mean
13.11 (0.90) 7.05 (1.28) 10.08 (0.80)

npreexposed control. Scores are group means (SEMs in parentheses).

of 1.76 ml  of the saccharin solution. On Trial 2, these scores rose to
7.02 ml  and 7.23 ml, respectively. On the final two trials, all subjects
drank all the fluid that was  available.

During the test session, the SIM group drank the almond solution
readily and rather little water; the UNP group drank approximately
the same total amount, and approximately equal amounts of both.
Mean consumption scores for this session are shown in Table 2.
These consumption scores were converted to preference ratios
(volume of almond/volume of almond + volume of water) for statis-
tical analysis. The ratio for the SIM group was  .83; that for the UNP
group was  .45. An analysis of variance (ANOVA) of the preference
ratio data showed there to be a significant difference between the
groups, F(1,14) = 11.25. (For this and all subsequent analyses a sig-
nificance level of p < .05 was  adopted.) These results confirm that
the procedure used for group SIM was effective in establishing a
flavor preference using saccharin as the US.

2.1.3.2. Experiment 1b. The results of the preexposure phase (mean
amounts consumed in the morning sessions) are shown in the top
panel of Fig. 1. Group CON consumed water steadily throughout
this phase. Group PRE showed an initial reluctance to drink the
saccharin solution, but after two sessions they drank almost all
the 15 ml  available on each trial. An ANOVA showed there to be
a significant change over trials, F(7,49) = 64.33; simple contrasts
showed that Trials 1 and 2 differed significantly from the last trial,
Fs (1,7) = 85.83, and 11.99, respectively.

The lower left panel of Fig. 1 shows the mean consumption
during the conditioning phase. Control subjects, experiencing a sac-
charin solution for the first time, drank rather little on Trial 1, but
were consuming the compound as readily as the PRE group by the
last trial. An ANOVA with group and trial as the variables revealed
significant effects of group, F(1,14) = 43.97, of trial, F(3,42) = 98.23,

and a significant interaction, F(3,42) = 46.96. Analysis of simple
main effects showed that the groups differed on Trials 1 and 2,
F(1,14) = 73.30 and 8.20, respectively, but not on subsequent trials
(Fs < 1).
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Fig. 1. Experiment 1b. Top panel: mean consumption of water (CON group) or of
saccharin (PRE group) during preexposure. Lower left panel: mean consumption of
saccharin + almond compound during conditioning. Lower right panel: group mean
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these concentrations. The concentration of the almond solution was
reference ratios (consumption of almond/total consumption); average of two test
rials.

Group means for consumption of almond and water, for both
essions of the test are shown in Table 2. In general, the two  groups
rank roughly the same total amount, but whereas the CON group
rank more almond than water, the PRE group showed no such
reference. Group mean preference ratios averaged for the two  ses-
ions of the test phase are shown in the lower right panel of Fig. 1. It
s clear that a preference for the almond solution was  present only
n group CON. An ANOVA conducted on the preference-ratio data

ith group and trial as the variables showed there to be a significant
ifference between the groups, F(1,14) = 6.61; there was  no differ-
nce between trials, F(1,14) = 1.90, and no interaction between the
ariables, F(1,14) = 3.74. It may  be noted that the lesser preference
n the PRE group was observed in spite of the fact that they con-
umed significantly more of the compound than the CON group
uring the conditioning phase.

These results demonstrate that preexposure to saccharin prior
o conditioning with saccharin as the US results in a reduced CR;
hat is, the US-preexposure effect was found with a preferred yet
onnutritive substance as the US. This example of the effect is diffi-
ult to explain in terms of the blocking-by-taste account previously
uggested as an explanation for the effect obtained with sucrose.
ince saccharin lacks any post-oral nutritive consequences, there
s no possibility, with this US, of the formation of an association
etween its taste and nutritional effects. Although this form of

earning could produce blocking for the sucrose case, it cannot be
he whole story as an explanation of the US-preexposure effect. A
ifferent explanation for the saccharin case is needed—perhaps the
abituation process evident in the loss of neophobia also produces

 reduction in the effectiveness in the US as a reinforcer for condi-
ioning.

Before turning to a non-associative explanation, however, an
lternative version of the blocking hypothesis must be considered.
accharin is a complex substance, with both sweet and bitter-

asting components (Dess, 1993). And if it is supposed that it is
he sweet-tasting component of the saccharin that is the effec-
ive US supporting conditioning, then it may  still be possible to
esses 106 (2014) 67–73

apply the blocking account as an explanation of the US-preexposure
effect found with this substance. Specifically, it is possible that pre-
exposure to saccharin allows the establishment of an association
between its bitter and sweet tastes. This association could then
serve to block the acquisition of a subsequent flavor-taste asso-
ciation between the CS and the sweet taste of saccharin that is
responsible for the conditioned flavor preference. This possibility
cannot be ruled out on the basis of the present data; accordingly, in
Experiment 2, we turned to the use of a different nonnutritive sub-
stance as the US, one for which this version of the blocking account
does not apply.

3. Experiment 2

Quinine can serve as a reinforcer for flavor preference (aversion)
learning; rats allowed to consume a compound of a novel flavor (or
odor) and a quinine solution will show a reduced preference for the
flavor (e.g., Fanselow and Birk, 1982; Harris and Westbrook, 1998).
This instance of flavor-taste learning is taken to depend on the bitter
taste of quinine. Quinine is the prototype of the bitter taste, having
no other reported sensory attributes, and this simplicity precludes
the possibility of associations among its components (such as we
have postulated for the bitter-sweet compound of saccharin). It is
a possible complication that quinine can have post-consumption
effects, but these should not be evident at the doses used in our
experiment. Specifically, although ingestion of quinine by rodents
has been shown to result in a depression of food consumption and a
decline in body weight (e.g., Colley et al., 1989; Kratz and Levitsky,
1978) these effects are observed only with prolonged exposure to
relatively high doses. Colley et al. (1989) reported no effect in rats
given quinine hydrochloride at 60 mg  per day for 13 weeks, a dose
much higher than that used in the present experiments (rats given
preexposure in our experiment received approximately 1 mg  per
day for 8 days).

The purpose of the present experiment was  to look at the
effects of preexposure to quinine on the acquisition of an aversion
with quinine as the US. As with the saccharin US  of Experiment
1, conditioning may  be assumed to depend on the formation
of a flavor-taste association, ruling out an explanation of the
US-preexposure effect in terms of blocking of learning about post-
consumption consequences. And the use of a US with a simple
bitter taste rules out an explanation in terms of associations formed
among components of the US, as might apply for saccharin. This
formed Experiment 2b. As in Experiment 1, we  performed a pre-
liminary study (Experiment 2a) to confirm that our conditioning
procedure would be effective in establishing an aversion to almond.

3.1. Method

3.1.1. Subjects and apparatus
The subjects in Experiment 2a were 16 naïve Wistar rats

(obtained from the University of Seville Laboratories) with a mean
free-feeding weight of 287 g (range: 265–332 g). A further 16 were
used in Experiment 2B. These had been used in a previous study
that involved exposure to a strawberry odor, but they were naïve
with respect to the flavors and procedures used in this experiment.
They had a mean weight of 384 g (348–436 g) at the start of the
experiment. The solutions used consisted of quinine (0.1 g/l of qui-
nine sulphate), almond (a 4% solution of almond flavoring), and
a compound of quinine and almond, made up so as to preserve
increased in this experiment to match that used by Fanselow and
Birk (1982), who  successfully obtained conditioning with quinine
as the US using this concentration.
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Fig. 2. Experiment 2b. Top panel: mean consumption of water (CON group) or of
quinine (PRE group) during preexposure. Note that data for trial 1 of group CON
were lost. Lower left panel: mean consumption of quinine + almond compound dur-
M.  Gil et al. / Behavioura

.1.2. Procedure
After the schedule of water deprivation had been established,

he rats in Experiment 2a were divided into two groups of eight.
roup SIM received presentations of the compound solution; group
NP received separate presentation of almond and of quinine

Table 1). The schedule of training was the same as that used in
xperiment 1a. All subjects were then given a two-bottle prefer-
nce test for 30-min, the procedure being the same as that used in
xperiment 1a.

For Experiment 2b, the rats were assigned to one of two  equal-
ized groups (Table 2), given US preexposure (group PRE) or no
reexposure (group CON) prior to conditioning and the preference
ests. The treatment given to these subjects matched that given
o the equivalent groups of Experiment 1b, except that the quinine
olution was used as the US and the 4% almond solution was used as
S. Since rats consume a quinine solution less readily than saccha-
in, the volume of fluid available on each trial during preexposure
as reduced to 10 ml  in this experiment. Other procedural details
ot specified here were identical to those described for the previous
xperiments.

.1.3. Results and discussion

.1.3.1. Experiment 2a. The almond solution evoked some neopho-
ia. When it was first presented the UNP group drank a mean 5.6 ml,
ut thereafter they consumed almost all that was  made available.
eophobia to the quinine solution was more profound. Over the
rst three trials of training, neither the UNP nor the SIM group
rank more than a mean 2.9 ml  of the solutions containing quinine.
n the fourth trial, however, both groups drank a mean of 6.8 ml

of the compound for group SIM; of quinine alone for group UNP).
his training resulted in a difference between the groups in the
reference test. As Table 2 shows, the groups drank the same total
mount, but the control subjects drank more almond than water,
ielding a mean preference ratio of .81 for the UNP group. This
reference was abolished in the SIM group that drank almond and
ater equally, producing a mean ratio of .51. (Data for one subject

rom group PRE were not available for analysis, and the mean for
his group is based on the remaining seven subjects.) These scores
iffered significantly, F(1,13) = 5.77.

Although these results are consistent with the notion that pair-
ng almond with quinine established a conditioned aversion in
he SIM group (sufficient to negate the preference shown by the
NP group), another possibility must be acknowledged. Although

ubjects in the SIM group experienced almond in compound with
uinine during training, they experienced almond alone for the
rst time on the preference test. Their lower consumption of
lmond on the test might thus reflect the occurrence of a neopho-
ic response (that would have been habituated in the UNP group,
hich experienced almond alone during training). We  will consider

his possibility further when the results of Experiment 2b have been
escribed.

.1.3.2. Experiment 2b. The upper panel of Fig. 2 shows group
eans for consumption during the preexposure phase. Data from

rial 1 for the control group were lost, but consumption of water
emained steady and high during the rest of the phase. The PRE
roup showed an initial reluctance to drink quinine, but consump-
ion increased over successive presentations. An ANOVA showed
here to be a significant change over trials, F(7,49) = 10.80; simple
ontrasts showed that Trials 1–3 differed significantly from the last
rial, Fs(1,7) = 40.95, 12.65, and 7.26, respectively.

Consumption over the course of the conditioning phase is shown

n the lower left panel of Fig. 2. Control subjects that experienced

 quinine solution for the first time in this phase, drank less than
he PRE group on Trials 1 and 2, but were consuming the com-
ound as readily as the PRE group by the last two trials. An ANOVA
ing conditioning. Lower right panel: group mean preference ratios (consumption of
almond/total consumption); average of two test trials.

with group and trial as the variables revealed significant effects of
group, F(1,14) = 5.69, of trial, F(3,42) = 9.73, and a significant inter-
action between these variables, F(3,42) = 3.02. Analysis of simple
main effects showed that the groups differed on Trials 1 and 2,
with F(1,14) = 10.45 and 7.74, respectively, but not on Trials 3 and
4 (Fs ≤ 1).

Absolute consumption scores for the test are shown in Table 2
and preference ratios in the lower right panel of Fig. 2. The CON
group drank less of almond than of water, resulting in a mean pref-
erence ratio of less than .5. The conditioning procedure was thus
more effective in this experiment than in Experiment 2a, where the
formally equivalent training given to the SIM group produced only
a reduction in the preference for almond rather than a reversal of
that preference. This outcome might be expected, however, on the
basis that the CON group drank the almond + quinine compound
more readily in this experiment than did the SIM group of Exper-
iment 2a. This relative lack of neophobia (possibly a consequence
of their having experienced a novel odor prior to the start of this
study) meant that the CON subjects had more extensive exposure
to the compound during the conditioning trials. However, this may
be the aversion was less profound in the PRE group. Subjects in
this group drank approximately the same total amount as those
in the CON group (see Table 2) but they drank more almond than
water resulting in preference ratios above .5. The ratio scores for
the two groups differed significantly, F(1,14) = 9.76, but there was
no significant effect of trial, F(1,14) = 1.01, or interaction (F < 1). If
the aversion to almond shown by the CON group reflects a condi-
tioning effect, the almond consumption for the PRE group suggests
that this effect is attenuated by prior exposure to quinine.

These results are readily explained by the proposal that preex-
posure to quinine reduces its effectiveness as a US; but again, an

alternative in terms of the habituation of neophobia may be pos-
sible. The conditioning procedure involved four trials in which the
almond was  presented (in compound with quinine). Habituation of
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he neophobic response to almond might be expected to occur on
hese trials, and, since the PRE group drank more of the compound
han did the CON group, there was more opportunity for habitu-
tion to occur in that group. The difference between the groups
n consumption of almond on test might thus reflect a difference
n the degree of habituation. What argues against this interpreta-
ion, however, is the fact that consumption of the almond (plus
uinine) solution was low in the CON group only on the first two
rials of conditioning—on the last two trials these animals drank as
eadily as those of the PRE group. To the extent that this change
n the CON group represents a loss of neophobia to almond (and

 change in the response to quinine will also play a role) we  may
onclude that this loss was complete by the end of the condition-
ng phase. The difference between the groups must be attributed
o some other source. We  return, therefore, to the interpretation
hat the aversion to almond on the test depends on the formation
f an almond–quinine association and that preexposure to quinine
educes its effectiveness as a US.

. General discussion

The experiments reported here demonstrate that the preference
or (or aversion from) a previously neutral flavor that is generated
y pairing that flavor with a palatable (or aversive) substance can
e reduced by giving rats preexposure to the latter. If we adopt an
ssociative analysis that treats the neutral flavor as the CS and the
dded substance as the US, this constitutes an example of the US-
reexposure effect in this form of conditioning. The effect has been
btained previously in this form of learning, by Gil et al. (2011), but
n their experiments the US used was sucrose, which is capable of
enerating a preference not only on account of its palatability, but
lso by way of its nutritive properties. This leaves open an inter-
retation in terms of associative blocking. If, during preexposure,
he rat forms an association between the sweet taste of sucrose and
ts post-consumption consequences, that association might act to
lock the formation an association between the CS flavor and these
onsequences, resulting in a reduced CR. This analysis applies less
eadily to the results of the present experiments, in which non-
utritive substances were used as the USs so that the changes in
reference produced may  be assumed to be a consequence solely
f shifts in palatability. (Although a version of the blocking account
an be contrived for Experiment 1, which used saccharin as the US,
t is difficult to do the same for the results of Experiment 2, which
sed quinine.)

The most widely considered alternative to blocking as an
xplanation for the US-preexposure effect has been in terms of
abituation of the effectiveness of the US. This was the explana-
ion (referred to by him as adaptation) offered by Kamin (1961)
or his original demonstration of the effect in the conditioned sup-
ression procedure (but see also Brimer and Kamin, 1963). The
esults reported here for exposure to quinine are consistent with
his interpretation; with repeated presentation of quinine the ini-
ial rejection wanes and quinine is consumed more readily. If this
hange implies a reduction in the effective salience of this initially
versive substance, then a reduction in its ability to serve as rein-
orcer for conditioning might be expected. The equivalent results
or saccharin are more problematic. There is certainly evidence
onsistent with some form of habituation, in that consumption
ncreases over the course of preexposure. But since this change
eems to indicate an increase in the palatability of saccharin, one
ight expect preexposure to enhance the ability of saccharin to
upport the development of a flavor preference—the opposite of
he result obtained.

We  should acknowledge, however, that the change in consump-
ion recorded in our experiments might be a poor index of change in
esses 106 (2014) 67–73

palatability. The low initial level could be mediated by the animal’s
response to novelty per se (see e.g., Braveman and Jarvis, 1978;
Miller and Holtzman, 1981); the increase over trials would reflect
habituation of neophobia, and would thus not provide an accurate
index of changes in the hedonic properties of the substances pre-
sented. Direct evidence from other measures of palatability have
given mixed results. Studies of the sweet taste of sucrose have
shown that habituation can be obtained (although this depends
on the exact conditions of the training procedure; see Schifferstein
and Frijters, 1992). Thus Fisher and Fisher (1969) recorded the gal-
vanic skin response evoked in human participants by a flow of fluid
over the tongue. Sucrose produced a greater response than plain
water, but with repeated presentation, habituation was observed.
Quinine evoked an even greater response than sucrose, but this
too habituated after extended training. On the other hand studies
of behavior patterns in rats that are thought to index the strength
of the hedonic reaction to a flavor have not provided evidence of
habituation. The orofacial responses of rats evoked by infusions of
quinine (Breslin et al., 1990) and of saccharin (Neath et al., 2010) do
not appear to change with experience; indeed by one measure (the
pattern of licking at a drinking spout), the palatability of saccharin
appears to increase over successive presentations (Lin et al., 2012).

A version of an habituation account, based on adaptation-level
theory (e.g., Helson, 1964), has been put forward by Boakes et al.
(2007) to deal with their results on the effects of exposure to the
US given after the conditioning phase in flavor-preference learn-
ing. In their experiments, rats given exposure to sucrose alone,
after conditioning with a sucrose–almond compound, showed a
reduced preference for almond on an almond vs. water preference
test. They suggested in explanation that the phase of exposure to
sucrose produces an adaptation effect that reduces the perceived
sweetness of substances presented subsequently (see also Kawai
and Nakajima, 1997). The preference for almond on test, which is
assumed to depend on acquired sweetness, is accordingly reduced.
Boakes et al. acknowledge that this adaptation process can be
equated with a more traditional account of habituation in which the
reduced effectiveness of a US is understood in terms of an increase
in the threshold of activation of the US’s central representation (e.g.,
Rescorla, 1973).

The similarity of the effects of US preexposure and US postexpo-
sure encourages us to look for a common explanatory mechanism;
but there are reasons to doubt that the same habituation process
is responsible for both. Specifically, in a follow-up study to that of
Boakes et al. (2007), Albertella et al. (2008) have investigated con-
textual control of adaptation-level effects. They showed that their
US-postexposure effect is obtained only when the preference test is
given in the same context (the same distinctive cage) as was used
for exposure to the US. They concluded that the rats’ adaptation
level was  specific to the training context. This contrasts with the
finding that the US-preexposure effect in flavor-preference condi-
tioning using sucrose as the US, does not show context dependence:
Gil et al. (2011) found the effect to be just as powerful in subjects
that switched contexts after the preexposure phase as in subjects
that remained in the same context. This effect of US preexposure
may  well be a consequence of some form of habituation or adap-
tation, but it is a form that shows different properties from that
responsible for the postexposure effect.

The discussion so far has been based on the assumption that
the conditioning effects obtained in our experiments depend on
the formation of an association between the almond flavor and the
taste of the US. It has frequently been suggested, however, that fla-
vor preferences may  be acquired by a learning process that does

not involve the formation of an orthodox CS–US association (e.g.,
Capaldi and Hunter, 1994; Dwyer et al., 2011; Higgins and Rescorla,
2004; Pearce, 2002). Although different authors express it differ-
ently, the central idea common to these accounts is that experience
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f a compound such as almond + saccharin allows the formation of
 configural representation of these elements, combining the prop-
rties of both. Subsequent presentation of almond alone is able to
ctivate this configural representation and thus evoke a response
hat is appropriate to the sweet taste of saccharin. This approach can
eadily accommodate the effects of preexposure to the event that
e have hitherto referred to as the US, if it is assumed that separate
resentations of one of the elements interferes with the forma-
ion of the configural representation (Rescorla and Durlach, 1981;
escorla and Freberg, 1978). It is difficult to discriminate between
his account and one that attributes the effects of preexposure to a
ecline in the ability of the US to support the formation of a CS–US
ssociation.

These theoretical uncertainties cannot be resolved on the basis
f the present results, and we conclude by returning to the pos-
tive conclusions that can be drawn. Our results show that the
S-preexposure effect, previously observed in flavor-preference
onditioning only with sucrose as the US, can be obtained using USs
hat lack significant post-consumption consequences (saccharin
nd quinine). An explanation for the results with sucrose in terms
f associative blocking cannot apply to the effects obtained with
accharin and quinine, encouraging the view that these effects are

 consequence of some form of habituation that reduces the effec-
iveness of the US as a reinforcer. This habituation process will also,
resumably, contribute to the US-preexposure effect observed with
ore orthodox conditioning procedures (Randich and LoLordo,

979). It might also be expected to occur during the course of
onditioning itself (which, after all, usually involves repeated pre-
entations of the US), and the possible implications of this deserve
nvestigation.
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