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a  b  s  t  r  a  c  t

In three  experiments,  rats  given  pairings  of  a neutral  flavor  with  sucrose  showed  a  preference  for  that
flavor  when  subsequently  allowed  to choose  between  it and  water.  Preexposure  to  the  flavor  produced
a  latent  inhibition  effect  (reduced  the  size  of  the  preference)  when  the rats  were  hungry  during  the
test  (Experiments  1 and 2). Rats  that  were  not  hungry  during  the  test  failed  to  show  latent  inhibition
eywords:
onditioned preference
lavor–nutrient learning
lavor–taste learning
atent inhibition
otivational state

(Experiments  1–3).  Experiment  3 confirmed  that  sucrose–flavor  pairings  were  capable  of producing  a
preference  even  in nonhungry  rats.  It  is  argued  that  the  preference  shown  by  rats  that  are  hungry on test
depends  on  a flavor–nutrient  association,  a form  of learning  that  is  susceptible  to latent  inhibition  in  the
same  way  as standard  conditioning  procedures  are. The  failure  to obtain  latent  inhibition  in  nonhungry
rats  suggests  that the  preference  obtained  in  these  conditions  depends  on  a different  form  of  learning
that  is less  susceptible  to the  effects  of  stimulus  exposure.

© 2013 Elsevier B.V. All rights reserved.
. Introduction

In the conditioned flavor preference (CFP) procedure a neutral
avor serves as the conditioned stimulus (CS) and is paired with

 nutrient (e.g., a sucrose solution) as the unconditioned stimu-
us (US). Such a US has both oral and post-oral properties, and
here is reason to think that both are capable of contributing to
he development of a preference for the CS flavor. Specifically, a
FP can be established using a nonnutritive but palatable US, such
s saccharin (e.g., Fanselow and Birk, 1982; Holman, 1975, 1980), a
henomenon referred to as flavor–taste learning; and it can also be
btained when the nutrient US is delivered by intragastric infusion
e.g., Sclafani et al., 1993) so that its taste properties are irrelevant.
his latter phenomenon is referred to as flavor–nutrient learning.

Which of these forms of learning is responsible for an observed

reference appears to depend on motivational factors. In particu-

ar, although food restriction may  not be necessary for acquisition,
t can act to enhance the expression of a nutrient-based preference
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(e.g., Fedorchak and Bolles, 1987; Yiin et al., 2005). Thus, Fedorchak
and Bolles (1987) examined the effects of food deprivation on the
rat’s preference for flavors paired with either a sweet nonnutri-
tive substance (saccharin) or a nutrient (sucrose), and found that
the flavor that had been paired with sucrose was highly preferred
when rats were tested in a food-deprived state, but that the pref-
erence decreased when testing occurred after 24 hr of ad libitum
feeding. In contrast, the flavor that had been paired with saccharin
was preferred regardless of the state of hunger during testing.

Motivational factors also influence the susceptibility of CFP to
the effects of extinction. Harris et al. (2004) demonstrated that the
preference for a flavor associated with sucrose over water was  resis-
tant to extinction in rats trained and tested while maintained on ad
libitum access to food. By contrast, if the rats were food deprived
during testing, their preference for the flavor showed a decre-
ment as a result of extinction (see also Garcia-Burgos and González,
2012). If we assume that hungry rats show principally the effects of
flavor–nutrient learning on test whereas sated rats show the effects
of flavor–taste learning (see also Harris et al., 2000), then the results
for former are what would be expected of a preference based on the
formation of an orthodox flavor–nutrient association. Those for the
latter are more problematic. One possibility is that their preference
too is based on an association (e.g., between flavor and hedonic

reactions produced by the taste of sucrose; see Harris et al., 2004)
but that this association has properties that make it resistant to
the effects of extinction. A different suggestion (see e.g., Campbell
et al., 1988; Capaldi, 1992; Drucker et al., 1994; Fedorchak, 1997;

dx.doi.org/10.1016/j.beproc.2013.04.010
http://www.sciencedirect.com/science/journal/03766357
http://www.elsevier.com/locate/behavproc
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arris et al., 2004; Myers and Sclafani, 2006; Myers and Whitney,
011; Warwick and Weingarten, 1994) is that flavor–taste learning

nvolves a different process by which the presentation of the neu-
ral flavor in compound with a valued taste changes the valence of
he originally neutral stimulus (see Section 5). This form of learning
s assumed to be insensitive to manipulation of the CS-US contin-
ency, and thus not susceptible to extinction.

These considerations prompted an investigation of the effects
f motivational state on the sensitivity of CFP to other manipula-
ions of the CS-US contingency. In the experiments to be reported
ere we focused on the effects of prior nonreinforced presentations
f the to-be-conditioned CS. In orthodox conditioning procedures,
reexposure produces a retardation of conditioning (the latent

nhibition effect; e.g., Lubow, 1989) and the effect can be expected
o occur, therefore, in flavor–nutrient learning, which is taken to
epend on standard associative mechanisms. It should therefore be
vident in hungry animals. But will preexposure (which, after all,
an be seen as a version of extinction in which the nonreinforced
resentations of the CS occur prior to conditioning) also be effective

n sated rats? If it is not, this outcome would both supply support for
he view that the mechanisms responsible for flavor–taste learning
as special properties and would also help confirm the assumption
hat motivational state can control which source of the CFP will
overn behavior.

Such studies of latent inhibition in flavor–preference condition-
ng as are currently available do not directly address this question.
e la Casa et al. (2009) gave rats that were both hungry and thirsty
reexposure to water, almond, or citric acid prior to pairings of both
lmond and citric acid with sucrose. In a two-bottle, almond vs.
itric acid, choice test, the preexposed flavored solutions were con-
umed less than the nonpreexposed flavors. Assuming that hunger
elects the expression of flavor–nutrient association in the control
f performance on test, these data demonstrate that this form of
earning is sensitive to latent inhibition; they do not tell us, how-
ver, about flavor–taste learning, which, given our assumptions,
ill be evident only when the subjects are not hungry on test.

Delamater (2011, Experiment 2) has explored the effects of pre-
xposure to the CS on CFP in rats that were thirsty but not hungry.
n this case, nonreinforced presentations of one flavor (F1) occurred
rior to the conditioning phase in which both F1 and a second flavor
F2) were paired with sucrose. Some rats then received a sucrose-
evaluation treatment (sucrose consumption was paired with the
ffects of lithium chloride, LiCl); others received the sucrose and
iCl unpaired, serving as a nondevalued control group. A choice
est (F1 vs. F2) revealed no significant difference in intake between
1 and F2; that is, there was no effect of preexposure in this case.

 difference did emerge however when the animals were tested
gain after they had been exposed to presentations of sucrose.
n this later test the non-devalued group preferred F2 over F1,
ut the devalued group preferred F1 over F2. Why  an effect of
reexposure should appear only on the later test is unclear. Post-
raining exposure to sucrose modulates experimental extinction
n non-hungry rats (perhaps by weakening flavor–taste associa-
ions, Harris et al., 2004) but it is not obvious how these effects
ould influence expression of latent inhibition. We  conclude that

he results reported by De la Casa et al. (2009) for hungry animals
uggest that the CS exposure produces a LI effect for a preference
ased on the post-ingestive effects of nutrient, but that the position

s much less clear for animals that are not hungry.
The purpose of the present experiments, therefore, was to com-

are directly the effect of CS preexposure on flavor–taste and
avor–nutrient learning in the CFP procedure (see Table 1) using
 palatable nutrient (sucrose) as the US. We  attempted to arrange
his by manipulating the motivational state of the subjects (rats).
n all experiments the rats were thirsty to ensure that they readily
rank the flavored solutions offered, but their access to food was
ral Processes 98 (2013) 9– 17

manipulated. On the basis of the results reported by De la Casa
et al. (2009) we  anticipated that a latent inhibition effect would be
obtained in rats that were hungry. The effect of CS preexposure on
animals that are not food-deprived remains to be determined, but
if flavor–taste learning is responsible for the preference obtained
under these conditions, and this form of learning is less sensitive to
the effects of separate presentations of the CS, then latent inhibition
may  be absent.

Experiment 1 included a pair of groups (one preexposed to the
CS and one not) that were food-deprived throughout the experi-
ment (i.e., during the preexposure phase, the conditioning trials,
and for the preference test). These should allow replication of the
latent inhibition effect observed by De la Casa et al. (2009). A second
pair of groups received the same treatment during preexposure and
conditioning, but was given free access to food prior to the test. Will
latent inhibition be seen under these conditions when the prefer-
ence shown, according to Harris et al. (2000, 2004), will be solely
generated by the flavor–taste learning mechanism? Experiment 2
replicated the essential features of Experiment 1, differing only in
that the subjects were allowed free access to food across preex-
posure and conditioning phases. Experiment 3 was conducted to
confirm the chief finding of Experiment 2 (an absence of latent
inhibition in rats that were not food deprived) and to demonstrate
that reliable flavor–nutrient learning could be obtained under these
conditions in nonpreexposed subjects.

2. Experiment 1

The design of Experiment 1 is presented in the top panel of
Table 1. There were four groups, two of which were given preex-
posure to the flavor to be used as the CS (the PE groups) and two
given no preexposure (the NPE groups). All received conditioning
trials in which the flavor was  paired with sucrose. All were hun-
gry (as well as thirsty) during these stages of training. The final test
consisted of a choice between the flavor and unflavored water. Prior
to the test, one pair of groups was  given free access to food (they
remained water deprived; groups PE/Th and NPE/Th). The other rats
remained both food and water deprived (groups PE/H and NPE/H).
Latent inhibition would be evidenced by a reduced preference for
the CS flavor in a final, flavor vs. water, choice test.

2.1. Method

The subjects were 32 experimentally naïve male Wistar rats
at least 14 weeks old and with a mean body weight of 263 g at
the start of the experiment. They were housed in individual home
cages and kept in a colony room at the University of Granada that
was lit from 8:00 a.m. to 8:00 p.m. each day. Experimental proce-
dures took place with the rats in their home cages and during the
light period of the cycle. Inverted 50-ml plastic tubes equipped with
stainless steel ball-bearing-tipped spouts were used to present flu-
ids in these cages. Consumption was  estimated by weighing the
tubes before and after fluid presentation to the nearest 0.1 g. The
solutions used were made up with tap water and consist of 1%
(v/v) almond essence (Silver Spoon, London, UK), and a 1% almond
essence and 10% sucrose (w/v) compound. Initially, all animals were
placed on a food and water deprivation schedule, a regime that
was maintained during preexposure and conditioning. The food
and water were removed from the home cage 24 hr before the start
of the experiment. Then all rats were given 3 days to accommo-
date to the deprivation schedule, in which access to water was

allowed for 30 min  at 9:30 a.m. and access to water and food for
90 min  at 2:00 p.m. The rats were weighed and allocated to two
weight-matched groups (PE and NPE, n = 16 in each) prior to the
preexposure phase, which was  conducted over 8 days, with half
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Table 1
Experimental designs.

Group Preexp. Condit. Test

Experiment 1 Hunger Hunger
PE/Th

8 A−
2 A+

Th:  A vs. water
PE/H H & Th:  A vs. water
NPE/Th

8  water
Th: A vs. water

NPE/H H & Th:  A vs. water

Experiment 2 2 cycles
Non-hunger Non-hunger

PE/Th
8 A−

2 A+

Th:  A vs. water
PE/H H & Th:  A vs. water
NPE/Th

8  water
Th: A vs. water

NPE/H H & Th:  A vs. water

Experiment 3 2 cycles
Non-hunger Non-hunger Non-hunger

PE/PA
8  A− 2 A+

A vs. water
PE/UN 2 A/+
NPE/PA

8  water
2 A+

NPE/UN 2 A/+
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posed animals tested hungry, but a reduced preference in the
equivalent preexposed group. The occurrence of a latent inhibition
effect in rats that were hungry throughout, confirms the finding of
ote: Animals were maintained under a state of thirst throughout all of the stag
resentations of flavor and sucrose; UN, unpaired presentation of flavor and sucros
hirsty  on test.

he rats being given access to 5 ml  of the flavored solution (the PE
roups) and half (the NPE groups) access to 5 ml  of water at 9.30 a.m.
ll were allowed daily 90-min access to food and water at 2:00 p.m.

Conditioning occurred over 2 days. On each day, the rats had
0-min access to 10 ml  of almond + sucrose at 9.30 a.m. After this
hase, the rats were divided into four groups: PE/Th (n = 8), PE/H
n = 8), NPE/Th (n = 8), and NPE/H (n = 8), according to motivational
tate on test. For those in the H groups the deprivation schedule
emained as before; rats in the thirsty-only groups (groups Th) were
iven ad libitum access to food overnight prior to the test. The test
hase consisted of a single session at 9:30 a.m. in which rats had
5-min access to two bottles, one containing 20 ml  of the almond
olution and the other 20 ml  of water. The positions of the bottles
ere counterbalanced across subjects.

For all statistical analyses, a significance level of p < .05 was
dopted. Data were analyzed using analysis of variance (ANOVA).
eliable interactions were followed, when appropriate, by simple
ffects analyses. Two-tailed t-tests were used to evaluate data not
nvolving multiple comparisons. Preference ratios for the test stage

ere calculated as the intake of the target flavor over the total
mount consumed.

.2. Results and discussion

During preexposure the rats drank less than the full amount
vailable, but there was  no difference between the groups. The PE
ubjects consumed a mean of 2.2 g of almond over all trials; the NPE
ubjects a mean of 2.0 g of water. These scores did not differ signifi-
antly, t < 1. During conditioning, the rats drank less on the first than
n the second trial, but again the groups did not differ. The mean
mount consumed (g) of the almond + sucrose compound across
he 2 conditioning days was 6.5 and 10.0 for the PE subjects, and
.5 and 9.9 for NPE subjects. A 2 (Preexposure) × 2 (Trial) ANOVA
howed there to be a significant main effect of trial, F(1, 30) = 89.20.
o other main effect or interaction was significant (Fs < 1).

Fig. 1 displays the mean almond preference ratios on the test as a
unction of almond preexposure (PE vs. NPE) and motivational state
thirsty vs. thirsty and hungry). A 2 (Preexposure) × 2 (Motivational
tate) ANOVA of almond preference provided a significant main

ffect of preexposure, F(1, 28) = 4.33, and a significant Preexpo-
ure × Motivational state interaction, F(1, 28) = 4.60. No significant
ain effect of motivational state was found (F < 1). Exploration of

he interaction showed there to be a lesser almond preference in
ach experiment in this series. PE, preexposed; NPE, non-preexposed; PA, paired
lmond; +, sucrose; −, nonreinforcement; Th, thirsty on test; H or H & Th, hungry &

group NPE/Th than in group NPE/H, t(14) = 7.76, and a lesser almond
preference in group PE/H than in group NPE/H, t(14) = 18.13. The
absolute scores for consumption of water and almond, from which
the preference ratios were derived, are presented in Table 2. They
show that consumption of almond was lower in group PE/H than in
the other three groups. A 2 (Preexposure) × 2 (Motivational state)
ANOVA of the almond intake revealed a main effect of preexposure,
F(1, 28) = 7.09, and a significant Preexposure × Motivational state
interaction, F(1, 28) = 6.69. Exploration of the interaction showed
there to be a higher almond intake in group PE/Th than in group
PE/H, t(14) = 3.51, and a lesser almond intake in group PE/H than
in group NPE/H, t(14) = −4.07. An equivalent ANOVA conducted on
the water scores revealed only a main effect of motivational state,
F(1, 28) = 7.58, reflecting lower water intake in the rats that were
hungry as well as thirsty.

These results demonstrate a strong preference in nonpreex-
Fig. 1. Experiment 1. Mean almond preference ratios (±SEM) for the almond vs.
water choice test shown separately for the preexposed (PE) and non-preexposed
(NPE) groups when tested thirsty (Non-hunger) and when tested thirsty and hungry
(Hunger).
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Table 2
Mean almond and water consumption (g) on test for Experiments 1–3.

Group Almond Water

Experiment 1
PE/Th 7.5 (.8) 2.3 (.5)
PE/H 4.1 (.5) 1.8 (.3)
NPE/Th 7.1 (.7) 2.2 (.3)
NPE/H 7.0 (.5) 0.7 (.1)

Experiment 2
PE/Th 8.7 (1.1) 3.6 (1.1)
PE/H 4.8 (.7) 1.6 (.2)
NPE/Th 7.7 (.1) 4.3 (.8)
NPE/H 5.6 (.8) 0.9 (.2)

Experiment 3
PE/PA 8.0 (.8) 3.9 (.5)
NPE/PA 6.5 (.6) 4.2 (.5)
PE/UN 4.5 (.7) 5.1 (.4)
NPE/UN 4.0 (.5) 5.9 (.5)

Note: Mean almond and water consumption for the test was  collapsed across the two
test  trials, except for Experiment 1. PE, preexposed; NPE, non-preexposed; PA, paired
presentations of flavor and sucrose; UN, unpaired presentation of flavor and sucrose;
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cedures used in this experiment. The experiment was run at the
h,  thirsty on test; H, hungry & thirsty on test. SEMs appear between brackets.

e la Casa et al. (2009) that latent inhibition will occur under these
onditions. Although it was not as pronounced as that shown by
he NPE/H group, both of the groups tested just thirsty showed a
eliable preference for the CS flavor and this preference did not dif-
er between the groups. Thus latent inhibition was  not obtained in
he nonhungry groups.

The critical finding of this experiment is, from one point of view,
 null result (i.e., it is the absence of latent inhibition in animals that
re not hungry). This raises the possibility that difference obtained
etween the hungry and nonhungry groups may  be simply a matter
f the sensitivity of the test procedure – that making the rats hun-
ry increases the sensitivity of the test procedure allowing latent
nhibition to be readily observed (or, equivalently, that satiating
hem for food has the reverse effect of reducing the sensitivity of
he test).

Although we must acknowledge the general validity of this argu-
ent, we should point out that its application to the specifics of our

xperiment does not readily explain our findings. Thus, the most
bvious effect of motivational state is that the preference in nonpre-
xposed animals is greater for hungry than for nonhungry rats; but
f hunger tends to enhance the size of any preference then it might
e expected that one might be seen in the hungry preexposed group

 but it was this group that showed a clear latent inhibition effect.
nother effect of motivational state is that it influences the total
mount of fluid consumed. Nonhungry animals drink substantially
ore than hungry animals, and this may  seem to allow the pos-

ibility that a “ceiling effect” could operate to obscure evidence of
 preference in the nonhungry groups (if these subjects are espe-
ially keen to drink, they may  drink plain water as readily as the
lmond solution). But again, this analysis does not explain the pat-
ern of results obtained. Our “null result” is in fact the presence of

 preference; that is, the striking finding is that nonhungry preex-
osed rats show a preference for almond as great as that shown by
heir nonpreexposed counterparts. In short, the “ceiling” argument
orks well when the critical result is the absence of a preference

 but our critical result is that a preference is found even in the
reexposed animals when they are not hungry on test.

This outcome is consistent with the view that the mechanism
esponsible for the flavor preference shown by hungry rats is differ-
nt from that responsible when the rats are not hungry. It further
mplies that these two forms of learning differ in their sensitiv-

ty to CS preexposure, with flavor–nutrient learning showing the
tandard effect of preexposure to the CS (i.e., latent inhibition),
hereas flavor–taste learning does not.
ral Processes 98 (2013) 9– 17

An alternative interpretation of the present results, that
does not require us to accept the dual-mechanism account
of flavor–preference learning, comes from consideration of the
context-specificity of latent inhibition. It is well established that
latent inhibition is attenuated when the context is changed
between the preexposure and test phases (e.g., Channell and Hall,
1983). Although the physical context was not changed in this
experiment, the rats that failed to display latent inhibition (the
PE/Th group) experienced a change of motivational state between
training and testing phases, and deprivation state may function
as a contextual cue (see e.g., Davidson, 1998). A theory of latent
inhibition that attributes the effect to interference between rival
associations formed during conditioning and preexposure at the
time of testing (see e.g., Bouton, 1993) could thus explain our result
by assuming that the appropriate context is needed for the infor-
mation acquired during preexposure to be retrieved. Experiment 2
addresses this issue.

3. Experiment 2

In this experiment we  repeated the essential features of Exper-
iment 1 except for the fact that the rats were not food-deprived
during preexposure and conditioning. The design is presented
in the central panel of Table 1. All rats were water deprived
throughout the experiment; half (the PE groups) were preex-
posed to almond and half (the NPE groups) were not, prior to
conditioning trials with the almond + sucrose compound. All the
rats had ad libitum access to food during the preexposure and
conditioning phases. Before the test the two main groups were
divided: one pair of groups (groups PE/Th and NPE/Th) contin-
ued as before, but the other pair (groups PE/H and NPE/H) was
food-deprived.

The possible accounts offered for the results of Experiment 1
make different predictions about the outcome of this procedure.
If context-specificity is the critical factor, then latent inhibition
can be expected in the comparison of PE/Th and NPE/Th groups,
as these subjects remained in the same motivational state (just
thirsty) throughout the experiment. Latent inhibition should be
abolished or attenuated, however, in the other pair of groups, as
these experienced a motivational change (were made hungry) at
the time of the test. On the other hand, if the preference shown by
nonhungry rats is a consequence of a form of learning not suscep-
tible to the effects of CS preexposure, then latent inhibition should
be absent in the PE/Th and NPE/Th groups. The prediction of the
dual-mechanism account for the other pair of groups is less clear.
One possibility is that flavor–nutrient learning might be possible
during the conditioning trials (even though the rats are not hungry
at this stage). If making the rats hungry at the time of test allows
this form of learning to show itself in behavior (and there is evi-
dence to support this suggestion: Capaldi et al., 1994; Fedorchak
and Bolles, 1987; González et al., 2010; Yiin et al., 2005), then a
latent inhibition effect could be obtained in the PE/H and NPE/H
groups.

3.1. Method

The subjects were 32 male Lister hooded rats with a minimum
age of 14 weeks and a mean body weight of 425 g at the start of
the experiment. All subjects had earlier participated in a study of
conditioned suppression which involved previous experience of
food deprivation, but they were naïve to the stimuli and other pro-
University of York. Housing, general maintenance, and apparatus
(including the solutions) were the same as described for Experi-
ment 1.
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Fig. 2. Experiment 2. Mean almond preference ratios (±SEM) collapsed across the
D. Garcia-Burgos et al. / Be

All animals were maintained on a water deprivation schedule
hroughout the experiment. Water was removed from the home
age 24 hr before the start of the experiment. The rats were given

 days to accommodate to a schedule in which access to water was
resented for 30 min  at 9:30 a.m. and 90 min  at 2:00 p.m.

The rats were weighed and randomly allocated to two  weight-
atched groups (n = 16) for the preexposure phase. All animals
ere given the experimental session at 9:30 a.m. and allowed 90-
in  access to water at 2:00 p.m. The procedure for preexposure
as as described for Experiment 1.

The conditioning and test phases were run in 2 cycles, providing
he opportunity for repeated testing of the developing preference
ver the course of acquisition. In each cycle, conditioning occurred
ver 2 days with one trial each day at 9:30 a.m. In each trial, ani-
als had 10-min access to 10 ml  of an almond + sucrose compound.
fter the first conditioning cycle, the rats were divided into four
roups: PE/Th (n = 8), PE/H (n = 8), NPE/Th (n = 8), and NPE/H (n = 8),
ccording to motivational state on test (Th: thirsty; H: hungry and
hirsty). Then, before the test phase of the first conditioning–testing
ycle, the rats were given 3 days in which the schedule of water
eprivation remained as before; but, for the rats to be tested hun-
ry, food was made available only for the 90-min period beginning
t 2:00 p.m. The test consisted of 15-min access to two bottles at
:30 a.m., one bottle containing 20 ml  of the almond solution and
he other 20 ml  of water. After this first test, ad libitum food was

ade available for all subjects prior to the conditioning trials of
he second conditioning cycle. After the second conditioning trial
f this cycle, rats to be tested hungry receive limited 90-min access
o food. A second test was given on the morning of the following
ay. The positions of the bottles during tests were counterbalanced
cross subjects and cycle.

.2. Results and discussion

During preexposure the rats drank almost all the fluid made
vailable. There was no difference between the groups. Mean con-
umption (g) of almond for group PE over all trials was  4.5; of water
or group NPE was 4.4. These scores did not differ significantly, t < 1.

As before, during conditioning the subjects drank almost all of
he almond + sucrose compound, but with some minor fluctuation
cross trials. Mean consumption (g) of the compound across condi-
ioning trials was 10.4, 9.7, 10.4, and 9.7 for group PE, and 9.7, 9.7,
0.3, and 9.8 for group NPE. A 2 (Preexposure) × 4 (Trial) ANOVA
howed there to be a significant main effect of Trial, F(3, 90) = 9.04.
o other main effect or interaction was significant; largest F(3,
0) = 2.15. The main effect of trial reflected the fact that intake on
rial 3 was higher than on Trials 2 and 4.

As a preliminary analysis revealed that there were no main
ffect or interactions involving the factor test [largest F(1, 28) = 2.81,

 = .11], the data of two  tests were collapsed. Fig. 2 shows the mean
lmond preference ratio collapsed across the two  test sessions as a
unction of almond preexposure (PE vs. NPE) and motivational state
thirsty vs. both thirsty and hungry). The hungry animals showed

 latent inhibition effect (a lesser preference for almond in the PE
han in the NPE subjects). The rats that were just thirsty did not
how latent inhibition; in fact preference was somewhat higher in
he PE than in the NPE group. A 2 (Preexposure) × 2 (Motivational
tate) ANOVA of almond preference yielded a significant main effect
f motivational state, F(1, 28) = 6.28, and a significant Preexpo-
ure × Motivational state interaction, F(1, 28) = 4.12. No other main
ffect or interaction was significant, largest F(1, 28) = 2.8. Explo-
ation of the interaction showed a lesser almond preference for

roup NPE/Th compared with group NPE/H [t(14) = 14, p < .01];
nd a lesser almond preference in group PE/H compared with
roup NPE/H [t(14) = 7.73]. The absolute levels of consumption of
lmond and water consumption on the test are presented in Table 2.
two almond vs. water choice tests shown separately for the preexposed (PE) and
non-preexposed (NPE) groups when tested thirsty (Non-hunger) and when tested
thirsty and hungry (Hunger).

Although groups PE/H consumed less almond than group NPE/H,
an ANOVA conducted on the almond consumption scores, with
preexposure condition and motivational state on test as the vari-
ables, failed to reveal a statistically reliable interaction. The analysis
revealed only a main effect of motivational state, F(1, 28) = 20.79,
showing a higher almond intake in thirsty than hungry rats. An
equivalent analysis of water intake again revealed a main effect of
motivational state, F(1, 28) = 22.22, with water intake being higher
in thirsty than hungry rats.

The results of this experiment confirm the finding of Experiment
1 that latent inhibition is not observed in the conditioned flavor
preference shown by animals that are not hungry on the test. The
results from the analysis of the preference ratios support the pro-
posal that latent inhibition can be obtained in rats that are trained
just thirsty but made hungry for the test. This pattern of results does
not accord with the suggestion that those of Experiment 1 were a
consequence of the context-specificity of latent inhibition – latent
inhibition was  not seen in subjects that experienced no change in
(motivational) context; and it was  obtained in subjects that experi-
enced such a change (in accord with some previous investigations
of this issue; see e.g., Westbrook et al., 2000).

Taken together, Experiments 1 and 2 indicate that the crit-
ical factor in determining whether or not latent inhibition will
be obtained is the motivational state of the animal at the time
of the test. This outcome is consistent with the proposal that
flavor–nutrient learning (expressed when the rats are hungry on
the test) is susceptible to latent inhibition whereas flavor–taste
learning (which determines preference when the animals are not
hungry on the tests) is not. It is true that the subjects in this exper-
iment that showed latent inhibition received their initial training
when they were not hungry, but, as we  have noted, there is evi-
dence that food deprivation primarily affects the expression rather
than the acquisition of flavor–nutrient learning. Although trained
just thirsty, these animals may  have acquired the flavor–nutrient
association; making them hungry for the test may  have allowed this
association to control behavior, and thus allowed latent inhibition
to be seen.

4. Experiment 3
The results presented so far support the proposal that the
mechanism responsible for the flavor preference shown by hungry
rats is different from that responsible when the rats are not hungry;
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Fig. 3. Experiment 3. Mean almond preference ratios (±SEM) collapsed across the
two almond vs. water choice tests shown separately for the paired groups and
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hey also suggest that only the first of these (flavor–nutrient learn-
ng) is susceptible to latent inhibition. But before accepting this
uggestion, an alternative interpretation should be considered.
n both experiments, a sizeable preference for the CS flavor was
vident only in the NPE/H groups. That hunger might enhance the
reference for a flavor paired with nutrient is already established
e.g., Drucker et al., 1994; Fedorchak and Bolles, 1987); rather our
oncern is that the lesser preference shown by the thirsty-only
ats truly represents an effect of conditioning – the nonassociative
onsequences of mere exposure to the almond flavor might be
nough to produce such a preference. If this were so, the absence
f a difference between preexposed and non-preexposed groups
n these animals may  be due not to the ineffectiveness of CS-
reexposure in retarding conditioning, but to the failure to form a
eliable almond–sucrose association at all.

In Experiment 3 we looked at the effect of CS preexposure in rats
hat were thirsty but not hungry throughout the experiment, thus
llowing the possibility of replicating our failure to obtain latent
nhibition in the previous experiments. We  also included the con-
rol groups necessary to demonstrate that the preference obtained
fter flavor–sucrose pairings was as a result of conditioning. The
esign of the experiment is presented in the lower panel of Table 1.
s in Experiments 1 and 2, half the rats were exposed to almond
lone (groups PE), whereas the remainder received water (groups
PE) during the preexposure phase. In the conditioning phase, the

ucrose was paired with almond for half of the rats in each of these
onditions (groups PE/PA and NPE/PA); for the remaining rats (the
npaired groups, PE/UN and NPE/UN) the almond and sucrose were
resented separately. If the preference shown by the nonpreex-
osed thirsty rats was due to the formation of a flavor–sucrose
ssociation during conditioning, then rats that have received the
avor paired with sucrose should show a higher level of prefer-
nce for the flavor than animals for which the flavor was  unpaired
ith sucrose. Additionally, if CS preexposure is not effective in rats

ested thirsty, no difference between groups PE/PA and NPE/PA
hould be found, as in the subjects tested just thirsty in the previous
xperiments.

.1. Method

The subjects were 32 experimentally naïve male Wistar rats
ith a minimum age of 14 weeks old and a mean body weight

f 274 g at the start of the experiment. Housing, general mainte-
ance, and apparatus (including the solutions) were the same as in
xperiment 1. The experiment was run at the University of Granada.

The procedure for the preexposure phase was same as that
escribed for Experiment 1, except for the fact that the rats were
ater but not food-deprived throughout the experiment. Half of

he rats were given access to 5 ml  of the flavored solution (the PE
roups) and half (the NPE groups) access to 5 ml  of water. After the
reexposure phase, the rats were divided into four groups: PE/PA
n = 8), PE/UN (n = 8), NPE/PA (n = 8), and NPE/UN (n = 8), according
o the flavor–sucrose relationship established during the condi-
ioning phase. As in Experiment 2, but unlike Experiment 1, there
ere two conditioning-test cycles. The conditioning and test pro-

edures for the paired groups (PE/PA and NPE/PA) were the same
s those described for Experiment 2. In each cycle, conditioning
ccurred over 2 days with one trial each day of exposure to 10 ml  of
n almond + sucrose compound for 10 min. Test consisted of a sin-
le session of 15-min access to two bottles. The unpaired groups
PE/UN and NPE/UN) differed in that on the days on which the
aired groups received pairings of 10 ml  of almond and sucrose for

0 min, the unpaired groups received access to 10 ml  of almond for
0 min  in the morning session and to 10 ml  of the sucrose solution
or 10 min  at 2.00 p.m. As rats in group PE/PA drank more almond
han animals in group PE/UN on the first day of the conditioning
unpaired groups that received paired or unpaired presentations the almond and
sucrose during conditioning. Ad libitum food access was  maintained throughout
the  experiment.

phase, the unpaired groups received a further 10-min period of
exposure to almond following immediately the first, on the second
day of the first cycle of conditioning, in order to equalize almond
intake. Details not specified here were the same as those described
for Experiment 1.

4.2. Results and discussion

The rats consumed almost all of the fluid made available dur-
ing preexposure, and there was no difference between the subjects
given water and those given almond. Mean consumption of fluid
during preexposure was  4.4 g, both for the PE and the NPE groups.

Mean consumption (g) of the almond + sucrose compound
across conditioning trials was 9.3, 9.4, 9.2, and 9.4 for group PE/PA,
and 8.8, 9.4, 9.32, and 9.4 for group NPE/PA. Mean consumption
of almond alone across conditioning days (including the additional
10-min exposure to almond on the second trial for the UN groups)
was 9.1, 9.4, 9.1, and 9.3 for group PE/UN, and 9.0, 9.4, 9.2, and
9.2 for group NPE/UN. A 2 (Preexposure) × 2 (Contingency; paired
or unpaired) × 4 (Trial) ANOVA was  used to test for differences on
almond or almond + sucrose intake. This yielded only a significant
main effect of trial, F(3, 84) = 3.91; no other main effect or inter-
action was significant (Fs < 1). The main effect of trial reflected the
fact that intake on Trial 1 was lower than on subsequent trials.
Consumption of sucrose alone for the unpaired groups showed a
similar pattern. Group mean scores (g) over the four presentations
were 8.8, 9.3, 9.2, and 9.3 for group PE/UN, and 8.9, 9.4, 9.1, and 9.3
for group NPE/UN. A 2 (Preexposure) × 2 (Contingency) × 4 (Trial)
ANOVA showed there to be a significant main effect of trial, F(3,
84) = 6.05, but no other main effect or interaction was  significant,
largest F(1, 28) = 1.16. The main effect of trial again reflected a lesser
fluid intake on Trial 1.

As a preliminary analysis revealed that there were no main
effects or interactions involving the factor test [largest F(1,
28) = 1.93, p = .17], the data of two tests were collapsed. Fig. 3

presents group mean almond preference scores for the test, col-
lapsed across the two test trials. It shows that a preference was
present only in the paired groups (mean scores for the unpaired
groups were slightly below .5). Preexposure had little effect, either
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n the paired or the unpaired groups. A 2 (Preexposure) × 2 (Con-
ingency) ANOVA of almond preference yielded only a significant

ain effect of contingency, F(1, 28) = 19.46. No other main effect or
nteraction was significant, largest F(1, 28) = 1.93. The absolute lev-
ls of consumption on which the ratios were based, are presented
n Table 2. Consumption of almond tended to be higher, and con-
umption of water lower, in the paired than in the unpaired groups.
NOVAs of almond intake and of water intake, with preexposure
ondition and contingency as the variables showed only a signif-
cant main effect of contingency in each case, F(1, 28) = 20.61 and
(1, 28) = 8.27 respectively.

These test results confirm the finding of Experiments 1 and 2
hat preexposure to the CS does not produce a latent inhibition
ffect in rats that are not hungry on test. The results of the unpaired
roups demonstrate that the pairing of sucrose and almond was
ffective in producing a preference. It may  be noted that the mean
reference score for the unpaired subjects (.41) was significantly
elow the .5 level, t(15) = −2.54. This may  reflect the persistence
f some unconditioned aversion to almond, or it may  be that the
egative almond–sucrose contingency was capable of generating

nhibitory learning (see Boakes et al., 2010; Harris et al., 2000).
he former seems more likely given that the size of the aver-
ion decreased across the two test trials (it was  .36 on the first
nd .47 on the second). The most plausible interpretation, there-
ore, is that enhanced preference shown by the paired subjects is
he consequence of an association between almond and sucrose,
hich overcomes the animals’ slight unconditioned aversion to

lmond.

. General discussion

The experiments reported here have examined the role of moti-
ational factors in determining the effects of preexposure to the
S in flavor–preference conditioning with sucrose as the rein-

orcer. Latent inhibition was obtained when the subjects were
ood-deprived during the preference test (Experiments 1 and 2),
ut it was consistently absent when they were given free access
o food at the time of the test (Experiments 1–3). The absence of
atent inhibition in non-hungry animals was not due to a deficit in
he acquisition or expression of the flavor–preference itself (Exper-
ment 3). These effects were independent of the motivational state
f the rats during training (i.e., during preexposure and condition-
ng). Animals trained hungry and thirsty but tested just thirsty
Experiment 1) did not show latent inhibition, whereas animals
rained thirsty but tested hungry (and thirsty) did (Experiment 2).
his pattern of results is consistent with the following hypothe-
es: that pairing a neutral flavor with sucrose can generate both
avor–taste and flavor–nutrient learning; that which of these forms
f learning determines performance on the preference test depends
n the animal’s motivational state at the time of test; and that
avor–nutrient learning is sensitive to the effects of CS preexpo-
ure, whereas flavor–taste learning is not.

One obvious interpretation of this pattern of results is that
avor–nutrient learning depends upon a standard associative-

earning process (and is thus prone to latent inhibition) whereas
avor–taste learning involves some other mechanism (the absence
f latent inhibition being taken as evidence of this). But before
eveloping this notion in any greater detail we should consider
he proposal that both forms of learning are associative (e.g., Harris
t al., 2004), and determine if our standard theories of latent inhi-
ition give any grounds for supposing that CS preexposure might
nfluence flavor–nutrient, but not flavor–taste associations. We
eed to consider two classes of theory; those based on an inter-

erence mechanism, and those that attribute latent inhibition to a
eficit in acquisition.
ral Processes 98 (2013) 9– 17 15

According to retrieval-interference theories (e.g., Bouton, 1993,
1997; Kraemer and Spear, 1992) latent inhibition occurs when
information acquired during preexposure is retrieved on test and
competes for expression with the association formed in the con-
ditioning phase. Such theories can predict the absence of latent
inhibition if the context present during the test, which will include
the subject’s motivational state, fails to match that present during
preexposure, so that the effects of CS preexposure are not retrieved.
As we  have already noted, this general proposal has difficulty in
explaining the results of Experiment 2. What our results show is
that, although the motivational state on test is critical, the match
between preexposure and test states is not – there is no latent inhi-
bition in rats that are not hungry when tested, regardless of the
motivational state in which prior training was  given.

We should consider, however, the version of a retrieval-
interference theory developed by Killcross and Balleine (1996),
which can go some way  toward explaining our findings. They sug-
gested that, during CS-alone exposure, subjects learn that the CS is
unrelated to the class of reinforcer relevant to their current motiva-
tional state; as a consequence, subsequent learning will be retarded
when the CS is associated with a reinforcer of relevance to that state.
This account can readily explain why, in the CFP procedure, latent
inhibition is found in rats that are hungry throughout and not in
rats that are just thirsty. Rats that are hungry during preexposure
will learn that the CS flavor is unrelated to the availability of food
and this can be expected to hinder subsequent flavor–sucrose con-
ditioning. There are no grounds for expecting latent inhibition in
the rats that are just thirsty throughout, and for two reasons. First,
for these animals the flavor is in fact relevant to their motivational
state (it is presented along with water); and second, the preference
shown on the test is between two fluids, so that learning about the
relevance of a flavor to the relief of thirst will be irrelevant. This
account can also explain why latent inhibition should fail to appear
in rats that were hungry during preexposure but not on the test.
In this case learning that the CS is unrelated to hunger-relieving
nutrients would not be expected to have an influence of a prefer-
ence generated not by flavor–nutrient learning but by flavor–taste
learning. What remains a problem for this account is the finding
that latent inhibition is obtained when the rats have been thirsty
throughout training but are rendered hungry for the test. Although
in this case the preference on test may  be taken to depend on
flavor–nutrient learning, the conditions of preexposure (in which
the rats are not food-deprived) do not provide the opportunity for
learning about the irrelevance of the CS to the presentation of food.
The Killcross and Balleine account requires that the rats be hungry
during the preexposure phase.

Acquisition-deficit theories of latent inhibition (e.g., Hall and
Rodriguez, 2010; Mackintosh, 1975; Pearce and Hall, 1980) assert
that preexposure to the CS produces a reduction in its condition-
ability or associability; the CR is reduced on test, therefore, because
the basic association has been poorly acquired. On the face of things
such theories are not well placed to deal with the present results.
Preexposure is assumed to produce a loss of associability that is
specific to the CS and thus evidence of poor acquisition should be
found when the test procedure reveals the strength of a flavor–taste
association as when it is controlled by a flavor–nutrient association.
To accommodate this pattern of results it is necessary to assume
that the associability of the CS can differ for different reinforcers.
The proposal that the learning that underlies latent inhibition
depends on the nature of reinforcer is not novel – it is to be found
in Mackintosh’s (1975) theory of attention, which proposes that
associability of a given stimulus may  be reinforcer-specific, and is

adopted by the model proposed by Hall and Rodriguez (2010). To
that extent, it is consistent with standard associative theorizing.

We turn now to consideration of proposition that flavor–taste
and flavor–nutrient learning differ in their susceptibility to latent
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nhibition because quite different mechanisms underlie the two
orms of learning. Evidence taken to support this view comes from
oth physiological and behavioral analysis. From a physiologi-
al perspective, the neurochemical responses to food-associated
ues are differentially modulated by the affective and the nutri-
ive characteristics of food (e.g., Azzara et al., 2001; Yu et al., 2000).
opamine (DA) released in the nucleus accumbens (NAc) appears to
e involved in flavor preference learning based on affective signif-

cance of food, whereas preference based on associations between
avor and the outcome of consumption involves D1-like receptors

n amygdala and lateral hypothalamus (Touzani et al., 2008). In
ddition, the expression of both types of learning depends on differ-
nt neurobiological substrates, with the activation of DA receptors
n NAc being critical for the expression of flavor–taste learning but
ot of flavor–nutrient learning (see Touzani et al., 2010).

From a behavioral perspective, evidence that motivational state
ifferentially affects the expression of the two kinds of flavor pref-
rence, and modulates the effectiveness of extinction in rodents
as already been discussed. The two forms also appear to affect
ifferent components of the feeding behavior (Myers and Hall,
998; but see Myers and Hall, 2000) and show different sensitive to
emporal training parameters (Holman, 1975; Sclafani and Ackroff,
994; but see Delamater et al., 2006). In human studies, the emerg-

ng literature has also generated some dissociations. For instance,
obini et al. (2007) found that the pleasantness of a flavor CS asso-

iated with sweet taste (aspartame) increased slightly regardless
f whether the flavor was  consumed when hungry or sated, but
hat when participants that had consumed the drink with added
ucrose, the change in pleasantness was affected by hunger state
but see Yeomans and Mobini, 2006). That associations between a
avor and the post-ingestive effects of a nutrient (e.g., sucrose or
altodextrin) can increase subsequent flavor intake, independent

f changes in liking changes, has also been demonstrated (Yeomans
t al., 2008).

Theoretical interpretations of the basis of the proposed distinc-
ion have been varied and plentiful (see e.g., Campbell et al., 1988;
rucker et al., 1994; Dwyer and Quirk, 2008; Fedorchak, 1997;
arris et al., 2004; Harris and Thein, 2005; Myers and Sclafani,
006; Myers and Whitney, 2011; Tarner et al., 2004; Warwick and
eingarten, 1994). Possible sources of the flavor–taste learning

ave included, for example: an association between the flavor and
he hedonic reaction produced by the sweet taste (e.g., Harris et al.,
004); some nonassociative mechanism such as configural learn-

ng (e.g., Pearce, 2002); a process of evaluative conditioning (e.g.,
e Houwer et al., 2001; Havermans and Jansen, 2011).

Although our results do not allow choice among these pos-
ibilities they may  have relevance to the interpretation offered
y Drucker et al. (1994) who proposed that pairing a flavor with

 nutrient will produce both expectancy learning and hedonic
earning. Expectancy learning involves the acquisition of knowl-
dge about the predictive relationship between the flavor cue
nd the post-ingestive consequences of the nutrient. By contrast,
edonic learning refers to a process by which the presentation
f the neutral flavor in compound with a valued taste changes
he valence of the originally neutral stimulus (see also Rozin
nd Zellner, 1985, who argued that the result of simultaneous
avor–taste pairings cannot be explained in terms of anticipated
onsequences, since the CS does not “predict” the US). In this con-
ext it is worth noting that current theories of latent inhibition
re largely based on data from conditioning preparations involv-
ng successive events, with the premise that CS acts as signal
or US during conditioning. From this point of view, if the latent

nhibition seen in these preparations reflects a change in the abil-
ty of a stimulus to come to predict its consequences, then an
ffect on flavor–nutrient but not on flavor–taste learning is to be
xpected.
ral Processes 98 (2013) 9– 17
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