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ARTICLE INFO ABSTRACT

Handling Editor: Jennifer Temple Novel flavors elicit a neophobic response, which attenuates as they are recognized as safe. The attenuation of

taste neophobia has been widely studied through measuring overall intake, however, changes in hedonic value

Keywords: have not been systematically considered. We conducted two experiments to assess, in both male and female
Neoth)bla Sprague-Dawley rats, the hedonic changes across a six-day attenuation of the neophobia process using two
Hedom? . different methods. In the first experiment, we analyzed the microstructure of licking, which affords measuring
Palatability . . . . .

Flavor both consumption and hedonic value at the same time. This study used animals heterozygous for Cacnalc (a key
Taste genetic risk factor for multiple psychiatric disorders associated with anhedonia) and wild type controls. In the

Rat second experiment, we used the taste reactivity test. The analysis of licking microstructure, but not the taste
reactivity test, was sensitive to hedonic value changes during attenuation of the neophobia. Females showed
more hedonic reactivity than males in both experiments, and there was no effect of the Cacnalc manipulation.
The findings highlight the importance of considering hedonic factors in the attenuation of neophobia process.
The difference between the hedonic assessment methods in the sensitivity to hedonic changes during attenuation
of neophobia is discussed, although this is complicated by differences in the procedures themselves (e.g.
voluntary vs involuntary consumption).

Sexual differences

preferences (CFP) can be developed if consumption is followed by pos-
itive consequences, such as nutrients (Elizalde & Sclafani, 1988; Riordan
& Dwyer, 2019). Thus, when examining consumption only through

1. Introduction

Recognizing taste novelty and evaluating the consequences of

ingesting novel foods play critical roles in diet selection and survival in
omnivorous species such as humans and rodents (Gallo, 2018). Rodents
exhibit taste neophobia, that is, they are reluctant to ingest novel fla-
vors. In particular, they consume low amounts on the first presentation
and if no aversive consequences occur following initial ingestion, intake
increases as the flavor becomes familiar across later exposures until
reaching an asymptote. This process is termed attenuation of neophobia
(AN). Alternatively, if consumption leads to illness, conditioned taste
aversion (CTA) takes place and the flavor will be avoided (Garcia et al.,
1955, 1968; Revusky & Bedarf, 1967). Subsequent exposure to the
aversive flavor without consequences leads to the extinction of the
aversive conditioned response. In contrast, conditioned flavor
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overall intake it can be difficult to distinguish the processes involved in
AN, CTA extinction and CFP. Indeed, while the observation of increased
consumption after initial neophobia is the behavioral effect referred to
as AN, examination of contributions from learning potentially speak to
the mechanisms underlying that effect.

In this light, it is worth noting that AN experiments usually involve
water deprived rodents, with water restriction implemented to motivate
at least some consumption of the unfamiliar (and typically unpleasant)
test flavor. As such, flavors will be followed by positive consequences in
thirsty animals, and in turn there will be potentially competing in-
fluences — unfamiliarity and neophobia acting against consumption, the
positive post-ingestive consequences promoting consumption. That said,
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neophobia and its attenuation occurs in a similar way in water deprived
and non-deprived animals (Domjan, 1976), with the main variable
determining increased intake across AN being the number of times the
animal was previously exposed to the flavor. On balance, given water
deprivation does not influence whether neophobia or AN occurs, it is
typically preferable to deprive the animals to ensure at least some
voluntary consumption of the unfamiliar flavor. But the need for caution
in interpreting the mechanisms of AN given the possibility for condi-
tioned preference based on positive consequences of fluid remains.

While most studies of AN have focused on consumption as the pri-
mary measure, it is important to recognize overall intake is an
“endpoint” measure susceptible to multiple potential influences. In
general, likes and dislikes modulate approach and avoidance behaviors,
impacting on both the overall amount consumed, and the manner of
consumption. However, overall solution intake is influenced by a
number of factors beyond hedonic reactions, including motivational,
motor functions (Dwyer, 2012) satiation state (Peck & Ader, 1974) and
pain or illness (Dwyer, 2012; Garcia & Koelling, 1966; Peck & Ader,
1974). In addition, the importance of distinguishing between “wanting”
and “liking” has been emphasized (Berridge, 1996; Morales & Berridge,
2020). In Berridge’s terms, “wanting” refers to a motivational state
related to incentive salience, while “liking” refers to the hedonic value or
palatability of the flavor. Thus, a distinction has been proposed between
learning procedures that modify the rewarding properties of flavors and
those altering the hedonic responses, be they either appetitive or aver-
sive. One example of this sort of distinction with respect to learned
aversive responses has been between conditioned taste avoidance and
conditioned taste aversions (Parker, 2003, 2014; Parker & Limebeer,
2006). Whilst both reduce consumption, on this analysis only true
aversion would change the hedonic value of the flavor thus reducing
palatability, while avoidance would describe the situation where con-
sumption changes without the development of aversive hedonic re-
actions. Consistent with this analysis, it has been demonstrated that —
despite equivalent effects on overall intake — pairing a taste with nausea
induced by LiCl in rats subsequently results in aversive responses to the
taste, while pairing the taste with pain induced by an intraperitoneal
injection of hypertonic NaCl, which produces pain but not nausea, re-
sults in the taste eliciting immobility reflecting fear (Dwyer et al., 2017).
Therefore, it has been suggested that in order to produce an increase in
aversive hedonic reactions, CTA requires the flavor to be associated with
visceral illness that induces nausea and vomiting in emetic species
(Garcia et al., 1968; Pelchat et al., 1983). Although there are alternative
theoretical positions that interpret such changes in the learned hedonic
responses to flavors in terms of quantitative differences instead of
qualitatively different types of learning (Lin, Arthurs, et al., 2012; Lin
et al., 2014), the idea that there are informative dissociations between
overall consumption and responses indicative of hedonic reactions re-
mains. While the current study does not seek to directly compare CTA to
AN, this example from CTA displaying (partial) dissociations between
consumption and affective measures illustrates the potential for
applying affective measures to AN to illuminate the mechanisms un-
derpinning AN.

Two common methods applied to assess palatability are the taste
reactivity test (TRT) (Grill & Norgren, 1978) and analysis of licking
microstructure patterns (Davis & Levine, 1977; Davis & Smith, 1992;
Dwyer, 2012). The TRT involves assessing orofacial patterns reflecting
affective reactions to a flavored solution. The orofacial responses are
classified as appetitive, aversive or neutral. In this procedure the solu-
tions are usually infused via a surgically implanted intraoral cannula
(Berridge, 2000; Dwyer, 2012; Neath et al., 2010). In this way, TRT
provides a measure of taste palatability while reducing approach and
preparatory behaviors to a minimum, thus focusing on the hedonic
qualities instead. In contrast, the analysis of licking microstructure ex-
amines the pattern of ingestive behavior through recording timing of
licks during voluntary solution consumption. Rodents drink in rapid
rhythmic licking blocks called clusters, which last for a variable length
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of time depending on the palatability of the flavor (Ahmed et al., 2017;
Dwyer, 2012). The key hedonic measure is the mean size of lick clusters
(Lick Cluster Size — in this paper, the acronym LCS will be used both to
indicate the measurement parameter itself, and as a term for the analysis
procedure more generally): LCS is greater if the flavor is liked (Davis &
Smith, 1992; Lin, Amodeo, et al., 2012), while LCS will be lower if the
flavor is disliked (Lin, Amodeo, et al., 2012). In this test, the animal
voluntarily approaches the bottle and therefore both consumption and
taste palatability data are obtained.

Returning to the application of the TRT and LCS techniques, one
interesting class of observation comes from dissociations between these
affective measures and measures of consumption. For example,
following the induction of a CTA, both the reduced consumption and
palatability attenuate dramatically with exposure to the flavor alone,
regardless of the method used to assess palatability (Dwyer, 2012; Lin
etal., 2014; Parker, 2003). However, consumption recovers more slowly
than palatability measured either with TRT (Cantora et al., 2006) or LCS
(Dwyer, 2009), and while the hedonic value of the flavor typically
returns to pre-conditioning levels, consumption does not always reach
that level (Rosas & Bouton, 1996). That is, a persistent reduction in the
palatability of the target flavor following CTA does not seem to be
responsible for the persistent suppression of consumption. It is not yet
possible to make a similar statement about AN, because while small
number of AN studies have also applied these affective measures,
different results have been obtained depending on the method applied to
assess the palatability shift. Lin, Amodeo, et al. (2012) reported
increased LCS after four exposures to saccharin or quinine solutions. In
contrast, Neath et al. (2010) found no increase in appetitive reactions
using TRT after five consecutive exposures to different concentrations of
saccharin, even though a subsequent consumption test indicated that AN
had taken place. This latter result was interpreted as suggesting AN does
not increase taste palatability, but rather the tendency to approach the
bottle (and in turn, suggesting AN involves a change in wanting but not
liking). Thus, depending on whether TRT or LCS methods are used, there
is evidence both for and against the idea that AN involves a change in
flavor palatability — creating an ambiguity that could be resolved by
re-examining AN using both TRT and LCS methods.

Up to this point, we have discussed the phenomena of AN in general,
but it is important to consider whether the presence or degree of the
effect is indeed universal. While no effects of sex have typically been
reported in AN assessed using only intake measures with either cider
vinegar (3 %) or sodium saccharin (.1 %) solutions (Exposito et al.,
2023), there are, to our knowledge, no data available using TRT or LCS
in AN experiments comparing male and female animals. In fact, most
previous experiments were performed only in male rats. Nevertheless,
sex differences in taste reactivity have been found using TRT (Clarke &
Ossenkopp, 1998; Flynn et al., 1993) and licking rate (Curtis et al.,
2004). Female rats exhibit more appetitive reactions than male rats in
response to sucrose (.3 M), quinine (.0003 M) (Clarke & Ossenkopp,
1998) and low NaCl concentration (Flynn et al., 1993) solutions. Fe-
males also lick at higher rates than males for NaCl and sucrose solutions,
and these sex differences do not seem to be fully explained by hormonal
differences. This is, studies on ovariectomized female rats found that
these sexual differences in licking persisted regardless of manipulations
of sex hormones (Curtis et al., 2004). Thus, the present studies will
compare male and female rats.

In addition, genetic influences in overall hedonic responses have
been identified. For example, CACNA1C is a gene that encodes Cav 1.2 L-
type voltage-gated calcium channels (which are expressed in brain,
heart, and other tissue), and has been strongly associated with multiple
psychiatric disorders (including bipolar, schizophrenia, depression)
where affective symptoms are commonly reported (Ferreira et al., 2008;
Mullins et al., 2021; Ripke et al., 2014; Trubetskoy et al., 2022). A ro-
dent model of CACNAIC hypofunction is the cacnalc™~ heterozygous
rat, which is a constitutive zinc finger nuclease knockout, resulting in an
approximately 50 % and 40 % decrease in hippocampal mRNA and
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protein levels, respectively (Moon et al., 2018; Sykes et al., 2019). The
Cacnalc™~ rat has recently been shown to exhibit reduced appetitive
reactions to palatable solutions (Gasalla et al., 2025). This is consistent
with the reported altered expression of CACNAIC associated with
anhedonia in psychiatric patients (Dedic et al., 2018). However, it is not
known whether this genetic alteration of hedonic reactions extends to
solutions other than palatable sucrose or whether it impacts AN. Thus
Experiment 1 examined AN using both cacnalc™ ™ rats and wild-type
controls (but to prefigure the results, no differences between
cacnalct’~ rats and wild-type controls were observed in Experiment 1,
and so cacnalc*/~ rats were not used in Experiment 2).

In order to explore the nature of palatability changes induced by AN
in rats, we designed two experiments, Experiment 1 applying LCS and
Experiment 2 using TRT, with repeated exposures to cider vinegar. This
flavor has been extensively used in our laboratory, and has demon-
strated the induction of a clear neophobia response and a progressive
attenuation (Expdsito et al., 2020, 2023; Grau-Perales, Gémez-Chacon
et al., 2019). Moreover, vinegar is a mildly unpleasant taste for rats (in
contrast to the saccharine used by Neath et al. (2010) in their prior
investigation of AN using TRT methods), and so using this allows for a
more direct comparison between TRT and LCS methods than was
possible in previous studies. In both experiments consumption was also
recorded either during the procedure (Experiment 1) or at the end
(Experiment 2) by adding an additional voluntary intake test. We hy-
pothesize generally that if the palatability of a novel taste increases as it
is encoded as safe, it will be reflected in progressively higher con-
sumption, LCS and increased appetitive reactions, while aversive/-
passive reactions will decrease Finally, given that previous data have
been obtained in males and there are sex-dependent differences in flavor
processing, we included both sexes in order to explore potential
sex-dependent differences in the relationship between AN and hedonic
reactions.

2. Method
2.1. Experiment 1 — LCS

2.1.1. Subjects

Forty-two adult male and female cacnalc heterozygous (cacnalc™ ™,
HET) on a Sprague-Dawley background (TGR16930, Horizon, Sage
Research Labs, USA) and wild type (WT) littermates were obtained and
housed in mixed-genotype, single sex groups of 2-3 in standard cages
(38 x 56 x 22 cm) per cage. Of these, there were 27 males (450 + 7.32
g) and 15 females (258 + 4.94 g), distributed in 4 groups: MaleHET (n =
9), MaleWT (n = 18), FemaleHET (n = 5) and FemaleWT (n = 10). Rats
were bred and housed at Cardiff University (United Kingdom) under a
12 h/12 h light/dark cycle with all manipulations taking place in the
light cycle. Animals had ad libitum water and food until the experiment
started and a water restriction schedule imposed and were handled daily
for a week prior to the start of experimental procedures and during the
acclimatization to water restriction. This water restriction remained
until the end of the experiment. Experiments were conducted in accor-
dance with local ethic guidelines, the UK Animals (Scientific Proced-
ures) Act 1986 (project license number PP3468526).

2.1.2. Stimulus and apparatus

Fig. 1A shows a schematic illustration of the LCS equipment. The rats
were tested for both water and vinegar sessions in 15 drinking chambers
(Med Associated Inc, United States). These chambers measured 32 x 15
x 12 ecm (L x W x H), with steel mesh flooring and white acrylic walls.
The drinking chambers were located in a room separate from the home
cages. Fluids were accessible through drinking spouts made of stainless
steel, attached to 50-ml cylindrical bottles. These could be inserted on
the left- or right-hand side of the lid (made of wire mesh with a plastic
spout holder). Spouts were placed level with the front of the spout
holder (to minimize non-drinking contacts) and fluid bridges were
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minimized by the plastic spout holder insulating from the wire mesh of
the lid, with the spout holder dried between runs. The distance between
the holes for the bottles was 8 cm. Only the left-hand side was used for
the present experiment. A contact-sensitive lickometer registered the
time of each lick to the nearest .01 s. This was recorded by a computer
using MED- PC software (Med Associates, Inc., St. Albans, VT). The
amount of fluid consumed by each rat was measured by weighing the
drinking bottle before and after each session. The stimuli were tap water
or a solution of 3 % (w/w) cider vinegar (Vin).

2.1.3. Procedure

These procedures were carried out in the Behavioural Neurosciences
Laboratory (BNL) of the School of Psychology of Cardiff University. The
animals were water deprived in the afternoon of the day before the
beginning of the experiment. The experimental sessions took place in the
morning (at 11:00 a.m.). There was an initial period of 5 daily sessions of
15-min access to water, in order to habituate rats to the licking boxes
(the last of these comprised the water baseline day). Subsequently, there
were 6 daily 15min sessions of access to 3 % vinegar solution (Vin days)
in the drinking chambers, while the licking patterns were being recor-
ded. Each day, animals were weighed and had a rehydration session in
the afternoon (at 3:00 p.m.), which consisted of a 1 h session of free-
access to tap water in their home cage. Although home cage water
consumption was not measured, animals had typically finished drinking
well before the completion of the 1-hr water access period, suggesting
they were fully replete by the end of this period. Thus, animals were
tested with 19hrs between the end of rehydration session and the start of
the experimental session. Other than transient weight loss following the
initial imposition of the water restriction schedule, no detrimental
weight changes were observed.

2.1.4. Data analysis

Due to technical problems disrupting lick recording, the fifth expo-
sure to cider vinegar solution (Vin5) was excluded from the analyses. In
addition to the intake data, the mean LCS for each rat was extracted from
the record of licks for analysis. A cluster was defined as a set of licks,
each separated by an inter-lick interval of no more than .5 s. This criteria
has been used in the bulk of lick analysis work performed in the Cardiff
lab (Dwyer, 2009; Dwyer et al., 2013; for a review, see Dwyer, 2012).
Mixed Linear Models (MLM) was used to analyse the test data with the
two between-group factors Genotype (HET vs. WT), and Sex (male vs.
female) plus Day as a within-subject factor (Baseline, Vin 1, Vin2, Vin3,
Vin4, Vin6). In addition, the total number of lick clusters and the mean
inter-lick interval (ILI) within licking clusters were examined. The ILI is
a measure of lick rate, and is primarily used in our lab as an indicator of
lick recording problems because licking rate is typically constrained
within tight bounds (see below for exclusion criteria). Independent MLM
analyses 2 (Genotype) x 2 (Sex) x 6 (Day) were carried out for each
variable. All data were analyzed using SPSS (IBM, United States). All
tests reported here used a criterion for significance of p < .05. LSD
post-hoc tests based on the marginal means were used to explore the
differences yielded by the analyses.

MLM was used rather than ANOVA in order to deal with the fact that
there were a number of missing datapoints. These missing points related
to unsystematic equipment failures (e.g. bottle blockages or leaks, lick
recording failures). For this purpose, three variables were used to
identify datapoints where the lick analysis would be compromised and
were thus excluded: intake, volume/1000 licks and ILI. For intake, data
for days where consumption was less than 0.5 g were excluded (Davis &
Smith, 1992; Dwyer, 2009; Riordan & Dwyer, 2019). For volume/1000
licks, exclusions were made for values less than 3 g or greater than 10 g.
While for ILI, exclusions were made for values less than 130ms or larger
than 160ms (Dwyer et al., 2008; Riordan & Dwyer, 2019).
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Fig. 1. Microanalysis of licking structure patterns procedure and results. Fig. 1 A shows a schematic representation of the licking box setup: the rat is placed
into a plastic box on a metal grid that is part of an open electrical circuit, and each lick on the bottle spout closes the circuit, enabling the device to register lick-
related parameters such as frequency and latency. Fig. 1 B and C shows consumption from males (1 B) and females (1 C): effects of Day and Sex x Day, indicating that
males’ vinegar consumption never reached baseline water levels, while females did. Fig. 1 D and E shows Lick Cluster Size from males (1 D) and females (1 E): effects
of Day and Sex, due to females had an average LCS higher than males. Fig. 1 F and G shows total clusters from males (1 F) and females (1 G): main effect of Day was
found. Fig. 1 H and I shows the average inter-lick interval of males (1 H) and females (1 I): effects of Day, Sex, Sex x Day, Genotype x Sex x Day, but these do no
suggest an impairment in consumption behaviour. Wild Type group is represented with black and continuous lines. CacnalC HET group is represented with white and
dashed line. Data is shown as mean and error bars show +/— x 1SEM. Panels for different measures use different scales.
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2.2. Experiment 2 — TRT and voluntary intake test

2.2.1. Subjects

Forty-seven adult Sprague-Dawley rats (ENVIGO, Netherlands)
(Males: n = 23, 328 + 1.93 g; Females: n = 24, 218 + 1.67 g) were used.
They were housed in standard home cages (38 x 56 x 22 cm) in groups
of 3-4 animals per cage. After surgery, all animals were randomly
assigned to a group depending on the solution infused during TRT either
a 3 % cider vinegar solution (Experimental group) or tap water (Control
group). There were a total of 4 groups: MaleExp (n = 12), MaleControl
(n = 11), FemaleExp (n = 12) and FemaleControl (n = 12). Rats were
housed in the animal facilities located in the Biomedical Research Center
(CIBM) of the University of Granada (Spain) under a 12 h/12 h light/
dark cycle, taking place all manipulations during the light cycle. They
had ad libitum water and food until the experiment started and received
3 min daily handling sessions for the previous 4 days to the surgery. The
procedures were approved by the University of Granada Ethics Com-
mittee for Animal Research and by the Regional Ministry of Agriculture,
Fisheries and Rural Development of Andalusia (1/06/2022/078).

2.2.2. Surgery

Animals were surgically implanted with an intraoral cannula. Sur-
gery was carried out following the method described on Parker (1995)
and widely used in the Cardiff lab (Dwyer et al., 2017; Gasalla et al.,
2016, 2017; Lopez et al., 2022). First, they were anesthetized using
ketamine (50 mg/kg, i.p.) combined with medetomidine clorhydrate
(.15 mg/kg, i.p.). In order to implant the cannula a thin-walled 14-gauge
stainless steel needle was inserted at the back of the neck, directly
subcutaneously around the ear and routed into the oral cavity, exiting
behind the first molar. A length of polyethylene tubing with an inner
diameter of .86 mm and an outer diameter of 1.27 mm was then run
through the needle after which the needle was removed. The tubing was
secured with a rubber disc placed over and drawn to the exposed skin at
the back of the neck, to stabilize the cannula. The tubing was held secure
in the oral cavity by an O-ring and a rubber stopper, which were sealed
behind the tubing prior the cannulation surgery. Finally, the animal
received subcutaneous injections of atipamezol (2.5 mg/kg; an
anaesthesia-reversing  drug),  buprenorphine  (.075  mg/kg;
anti-inflammatory drug), enrofloxacine (12.5 mg/kg; antibiotic drug)
and 5 % glucose (5 ml for males and 4 ml for females; nutrient
replacement). The animals were returned to an individual home-cage
(43 x 27 x 19 cm) and the solid food was removed until the next day.
They were allowed to recover for 3 further days, receiving analgesic and
antibiotic subcutaneous injections each day and the cannulae flushed
with tap water each day.

2.2.3. Equipment

Fig. 2A shows a schematic illustration of the TRT equipment. The test
was carried out in a dark room, lit with two manipulable spotlights that
allowed control of the light conditions for recording. Two transparent
methacrylate boxes equipment were used simultaneously for video
recording TRT. Each of these was formed by a methacrylate holder
structure (28 x 24 x 55 cm) and a methacrylate box (27 x 24 x 21 cm)
with a pierced removable lid. A webcam plugged to a laptop was under
the box, recording it from the bottom. After each trial, each box was
cleaned using an odorized surface cleaner (Sanytol Multiusos Euca-
lyptus, Barcelona, Spain) and was allowed to ventilate for few minutes in
order to neutralize any vinegar odor prior to the next subject. Animals
were assigned to boxes counterbalanced across group and sex to control
possible extraneous variables. For the purpose of fluid infusion, the
cannula was connected to the infusion pump by slipping the tubing of
the cannula inside a second polyethylene tubing (inner diameter 1.19
mm; outer diameter 1.70 mm) attached to a model 55-2226 infusion
pump (Harvard Apparatus, United States) (for a detailed description of
the equipment and procedure, see Lopez et al., 2022).
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2.2.4. Procedure and criteria for TRT analysis

The procedures were carried out in the Animal Behavior Analysis
Unit of the Biomedical Research Center (CIBM) of the University of
Granada. Three days after surgery, and upon full recovery of animals
from surgery, testing began. Table 1 describes the behavioral procedure
applied. On Day 1 (Baseline day) habituation to the TRT chamber and
infusion procedure took place. All groups received 1 ml/min intraoral
infusion of water for 5 min (Pre-Water). From Day 2 to Day 7, the rats
were infused at the same rate (1 ml/min, for 5 min) with 3 % cider
vinegar solution or water depending on group assignment. On Day 8, all
groups received a water session again (Post-water). Until Day 8, all
animals had free-access to water in their home cage. On the afternoon of
Day 8 animals were water-deprived to prepare them for voluntary access
to water during the subsequent daily 15 min morning sessions held at
11:00 a.m. From Day 9 to Day 11, tap water was available in pre-
weighed bottles that were weighed again after the session. After estab-
lishing the baseline for three days in which water was available during
the experimental sessions, animals had access to a 3 % cider vinegar
solution instead of water for the following three days (Days 12-14).
Each afternoon at 4:00 p.m., they were provided with free access to
water for 30 min until they were replete, in a similar way as was done in
Experiment 1.

The criteria for TRT analysis used in this experiment are described in
detail in Lopez et al. (2022), which in turn reflects the initial develop-
ment of the TRT by Grill and Norgren (1978). In brief, orofacial re-
actions are classified as appetitive, aversive and neutral. Appetitive:
tongue protrusions, mouth movements and paw licking. Aversive:
gaping, chin-rubbing, paw treading, forelimb flicks and head shakes.
Neutral: passive dripping. The appetitive reaction score is the total
duration (in seconds) spent displaying these reactions. The aversive
reaction score is the sum of times that these reactions were displayed.

2.2.5. Data analysis

TRT videos were analyzed using BORIS software (Friard & Gamba,
2016). Behaviors were coded and a researcher was assessing each video
individually. A researcher blind to the experimental procedures
analyzed some of the videos to confirm that the criteria used was ac-
curate. Mixed analyses of variance (ANOVAs) were applied to the results
obtained with TRT and consumption with the between-group factors
Group (Vin vs. Water) and Sex (Male vs. Female) and Day as
within-subject factor. This resulted in three 2 (Group) x 2 (Sex) x 8
(Day) mixed ANOVAs for analyzing each TRT behavioral category
(aversive, appetitive, and passive dripping) and a 2 (Group) x 2 (Sex) x
6 (Day) mixed ANOVA for analysing consumption. All analyses were
carried out using SPSS (IBM, United States). All tests reported used a
criterion of significance of p < .05. When assumption of sphericity was
violated (Mauchly’s sphericity test: p < .05), Greenhouse-Geisser
correction was used. LSD post-hoc tests based on the marginal means
were used to explore the differences yielded by the mixed ANOVAs.

3. Results
3.1. Experiment 1

Fig. 1 shows the results obtained in Experiment 1. LSD post-hoc tests
were used to explore the differences yielded by the MLM.

Fig. 1B and C displays the results for Consumption. A 2 (Genotype) x
2 (Sex) x 6 (Day) MLM analysis revealed a significant effect of Day [F(5,
184.772) = 44.388, p < .001] and Sex x Day interaction [F(5, 184.772)
= 3.113, p = .010] but not Genotype x Sex [F(1, 37.443) = .287,p =
.595], Genotype x Day [F(5, 184.772) = 1.182, p = .320] or Genotype
x Sex x Day [F(5, 184.772) = .953, p = .448] interactions. Pairwise
comparisons of the estimated marginal means were carried up as follow-
up tests of the main effects. Analysis of the Day effect revealed that water
baseline intake was higher than any other individual day (Baseline vs.
each Vin day: ps < .001), which means that cider vinegar consumption
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Fig. 2. Taste reactivity test procedure and results. Fig. 2 A shows a schematic representation of the taste reactivity test setup: an infusion pump delivers the
flavored solution at a constant rate through an intraoral cannula directly into the oral cavity of the rat, and orofacial reactions are recorded by a camera positioned
beneath the animal. Fig. 2 B and C shows mean number of aversive reactions of males (2 B) and females (2 C): effects of Day and Sex x Day indicates that females
displayed a higher number of aversive reactions than males on PreWater and Vin1l days. Fig. 2 D and E shows mean seconds displaying appetitive reactions of males
(2 D) and females (2 E): there were main effects of Day, Group (Vin exposed group displayed more appetitive reactions than Control group) and Sex (males showed
more appetitive reactions than females). Fig. 2 F and G shows the mean passive dripping of males (2 F) and females (2 G): no effects were found. Fig. 2 H and I shows
mean consumption of males (2 H) and females (2 I) during the baseline (Water1-3) and experimental (Vinl-Vin3) sessions during Voluntary Intake test for each
group: effects of Day, Sex and Sex x Day, due to average consumption of males was higher than of females, and, specifically, this happened mainly in the baseline
days. Experimental groups are represented with black and continuous line. Control groups are represented with white and dashed line. Data is shown as mean and
error bars show +/— x 1SEM. Panels for different measures use different scales.
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Table 1

Experimental design of Experiment 2.
Group D1 TRT D2 TRT D3 TRT D4 TRT D5 TRT D6 TRT D7 TRT D8 TRT D9-D11 Water Deprivation D12 VI D13 VI D14 VI
Exp Wat Vinl Vin2 Vin3 Vin4 Vin5 Viné Wat Wat Vin7 Vin8 Vin9
Control Wat Wat Wat Wat Wat Wat Wat Wat Wat Vinl Vin2 Vin3

Exp = Experimental; D = Day; TRT = Taste Reactivity Test; VI = Voluntary Intake; Wat = Water; Vin = Vinegar.

never reached the previous water consumption levels when averaging
over male and female animals. In addition, Vinl consumption was also
significantly lower than any other individual Vin day, indicating
attenuation of neophobia from Vin2 day onwards (Vinl vs. each other
Vin day: ps < .001). However, there were no differences in consumption
between Vin2 and Vin3 (p = .362), but consumption increased gradually
during the following exposures, with significant differences between
Vin2 and Viné (p = .012). There were no differences in consumption
between Vin3, Vin4 or Vin6 (ps > .05), suggesting neophobia was
attenuated at the third exposure. However, the Sex x Day interaction
indicated a different attenuation pattern between males and females.
While flavor neophobia in females was completely attenuated on Vin3,
since the consumption of vinegar solution did not differ with baseline
water (Baseline vs. Vin3: p = .193) and the subsequent days (Baseline vs.
Vin4: p = .394; Baseline vs. Vin5: p = .299), this was not the case of
males, which never consumed as much vinegar solution as they did
water (Baseline vs. Vin6: p < .001), although the vinegar consumption
did stabilized gradually with no significant differences between Vin5
and Vin6 consumption (Vin5 vs. Vin6: p = .128). The comparison be-
tween the consumption of males and females in each day yielded sig-
nificant differences only on Baseline, as intake of males was higher than
females (p = .001), but did not differ on each individual Vin day (lowest
p value for the male vs. female comparison for Vin days was p = .209).

LCS results are shown in Fig. 1D and E. The 2 (Genotype) x 2 (Sex) x
6 (Day) MLM showed a significant effect of Day [F(5, 181.282) =
13.339, p < .001] and Sex [F(1, 38.223) = 5.700, p = .022]. No effects of
Genotype [F(1, 38.223) = .002, p = .963], Genotype x Sex [F(1,
38.223) = .532, p = .470] or the interactions Genotype x Day [F(5,
181.282) = 1.222, p = .300], Sex x Day [F(5, 181.282) = 1.131,p =
.345] or Genotype x Sex x Day [F(5, 181.282) = .517, p = .763] were
found. Females displayed higher LCS than males presumably indicating
increased palatability of the cider vinegar solution, although some other
factor cannot be excluded. Analysis of the Day effect revealed higher LCS
in the baseline day than on Vin1 (p < .001) and lower LCS on Vinl day
than in any other of each subsequent vinegar day (the higher p-value of
Vinl vs. any other Vin day was p = .002), consistent with reduced
palatability to the novel solution. Baseline LCS were also higher than
Vin2 (p < .001) and Vin3 (p = .004), but there were no differences with
Vin4 (p < .094) or Viné6 (p < .537). This indicated a reduced palatability
to a neophobic vinegar solution which recovered completely reaching
the level of water baseline when the flavor becomes familiar and safe
after several exposures. The process involved a progressive increase in
LCS over the repeated exposures with respect to Vinl. In fact, animals
displayed a significantly higher LCS on Vin2 than on Vin1, but Vin2 had
no differences with Vin3 (p = .332). Nevertheless, Vin2 still being
significantly lower than Vin4 (p = .031) and Vin6 (p = .002). Vin3 was
not significantly different to Vin4 (p =.227), but LCS on Vin3 was lower
than on Vin6 (p = .028). There were no differences between Vin4 and
Vin6 (p = .305). Hence, this process parallels that of consumption albeit
somewhat slower to reach terminal levels.

Total number of clusters results are shown in Fig. 1F and G. The 2
(Genotype) x 2 (Sex) x 6 (Day) MLM showed a significant effect of Day
[F(5, 180.416) = 9.427, p < .001] and a marginally significant effect of
Sex [F(1, 37.534) = 3.710, p = .062]. No other main effect or in-
teractions were significant: Genotype [F(1, 37.534) = .020, p = .887],
Genotype x Sex [F(1, 37.534) = .918, p = .344], Genotype x Day [F(5,
180.416) = .519, p =.762], Sex x Day [F(5, 180.416) =.709, p = .617]
or Genotype x Sex x Day [F(5, 180.416) = 1.637, p = .152]. Males

produced non-significantly more clusters than females, which is the
converse of the LCS results (that is, overall, females produced similar
numbers of licks to males but in fewer clusters - reflecting the overall
higher LCS in females). Across days, there was an initial increase in the
number of clusters on Vinl (reflecting the fact that although consump-
tion was lowest on this day, the LCS was also lowest - so a small number
of licks was distributed among a larger number of clusters), and the
number of clusters decreased across Vin days (reflecting the recovery in
LCS, so the increasing consumption and total licks were distributed
among fewer clusters). Although this Vinl increase in the number of
clusters was numerically highest in Female HETs, there was no signifi-
cant Genotype x Day x Sex interaction.

Finally, average ILI is shown in Fig. 1H and I. The 2 (Genotype) x 2
(Sex) x 6 (Day) MLM showed several significant effects: Day [F(5,
179.833) =6.979, p < .001], Sex [F(1, 37.231) =12.788, p < .001], Sex
x Day [F(5, 179.833) = 2.890, p < .016], Genotype x Sex x Day [F(5,
179.833) = 3.587, p < .004]. No other significant main effects of Ge-
notype [F(1, 37.231) = 12.788, p = .518], Genotype x Sex [F(1, 37.231)
=.702, p = .407] or Genotype x Day [F(5, 179.833) = .519, p = .762]
were found. The shorter ILI (more rapid intra-bout lick rate) in females
as opposed to males reflects their generally smaller size. The effect of
Day reflected an initial lowering of ILI on first exposure to Vin, which
recovered across sessions. The Sex x Day interaction reflects the fact
that the difference across days was more pronounced in males than fe-
males; and in turn the Genotype x Sex x Day interaction reflects the fact
that the male/female difference in the size of the Day effect was most
pronounced for HET as opposed to WT animals. However, the main
concern with ILI is that materially raised ILIs (e.g. reflecting impaired
motor behavior) can artificially suppress LCS - but the current results
indicate only minor differences in ILI, and these are the opposite of the
pattern expected to reflect a motor impairment (i.e. ILIs were lowest at
the point where LCS was lowest).

In summary, Experiment 1 demonstrated the typical consumption
patterns with AN, a suppression of consumption of vinegar below water
baseline levels on first exposure followed by a progressive increase
(which reached baseline levels in females but not males). This was
accompanied by initial low hedonic responses to vinegar as indicated by
low lick cluster size, and this also recovered (albeit more gradually) over
exposures. There were no differences between cacnalc HET and WT
animals, while female rats generally consumed less than males, but with
generally higher lick cluster sizes.

3.2. Experiment 2

Fig. 2 shows the results obtained in Experiment 2. Concerning the
TRT results, Fig. 2B and C presents the mean number of aversive re-
actions of each group in the daily 5-min TRT session for Males and Fe-
males, respectively. A mixed 2 (Group) x 2 (Sex) x 8 (Day) ANOVA
yielded significant effects of Day [F(7, 301) = 5.136, p < .001] and Sex
x Day [F(7,301) = 2.216, p = .033], but not Group [F(1, 43) = 3.200, p
= .081], Sex [F(1, 43) = 1.842, p = .182], Group x Sex [F(1, 43) =
1.174, p = .285], Group x Day [F(7, 301) = .904, p = .503] or Group x
Sex x Day interaction [F(7, 301) = .785, p = .600]. In order to explore
the Sex x Day interaction, a mixed 2 (Group) x 8 (Day) ANOVA for each
sex was carried out. This confirmed a significant Day effect (p < .001) in
females but not an effect of Group [F(1, 22) = 3.966, p = .059] or Group
x Day interaction [F(4.025, 88.553) = .882, p = .479]. In contrast,
males did not show any significant effect (the smallest p-value was p >
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.053) Focusing on the pattern of differences across days, females dis-
played a significant higher number of aversive reactions than males on
PreWater (p = .023) and on Vinl (p = .032). However, is important to
highlight that, since there were no differences in the pattern of aversive
reactions between groups receiving water and vinegar, there is little
evidence of neophobia or attenuation attending the hedonic changes
using TRT.

Fig. 2D and E shows the mean number of appetitive reactions. A
mixed 2 (Group) x 2 (Sex) x 8 (Day) ANOVA was carried out. There
were significant effects of Group [F(1, 43) = 4.149, p = .048] as the
group exposed to the vinegar solution displayed higher number of
appetitive reactions than the group exposed to water; and Sex [F(1, 43)
= 13.747, p = .001], where males displayed a higher number of appe-
titive reactions than females. No other effects were significant.

Fig. 2F and G presents the mean number of neutral passive dripping
reactions of each group. The 2 (Group) x 2 (Sex) x 8 (Day) mixed
ANOVA did not yield any significant effects. In this regard, passive
dripping appears to be insensitive to any of the manipulations carried
out.

Finally, Fig. 2H and I shows the consumption of each group during
voluntary intake test carried out after the TRT sessions including 3 water
days and 3 vinegar exposures. A 2 (Group) x 2 (Sex) x 6 (Day) mixed
ANOVA yielded significant effects of Day [F(5, 215) = 88.956, p < .001],
Sex [F(1, 43) = 33.971, p < .001] and the interaction Sex x Day [F(5,
215) = 3.753, p = .003]. There were no significant effects of Group [F(1,
43) = 1.172, p = .285], Group x Day [F(5, 215) = .638, p = .671],
Group x Sex [F(1, 43) = .700, p = .407] or Group x Sex x Day [F(5,
215) =.492, p = .782]. The Sex effect was due to the fact that males had
an average consumption higher than females. The analysis of the Sex x
Day interaction yielded a Day effect for both males (p < .001) and fe-
males (p < .001). For males, Water3 consumption was significantly
higher than any of the Vinegar days (Water3 vs. any individual Vin day:
p < .001) reflecting flavor neophobia. On Vin2, consumption was
significantly higher than on Vinl (p = .002), indicating AN, whilst there
were no differences between Vin2 and Vin3 (p = .159). In the case of the
females, Water3 consumption was higher than on all Vinegar days
(Water3 vs. each individual Vin day: p < .001), and Vinl had a signifi-
cant lower consumption than the following days (Vin1 vs. each of Vin2
and Vin3: p < .001), so there was flavor neophobia; a greater con-
sumption on Vin2 reflects AN, whilst there were no differences with
Vin3 (p = .321). Comparing males and females, males had a significant
higher consumption on all days (ps < .022) although the differences
were higher for water than vinegar.

In summary, in Experiment 2 the TRT was not sensitive to the dif-
ference between vinegar and water (although there were TRT differ-
ences between males and females) and nor did intra-oral exposure to
vinegar during the TRT sessions result in any differences in later
voluntary consumption tests.

4. Discussion

Experiment 1 indicated the typical pattern of AN with consumption
of vinegar low on first exposure and increasing across days (although
this only reached the level of water consumption in females and not
males). In addition, the microstructure of licking analysis revealed an
initial suppression of LCS on first exposure to vinegar that progressively
increased across days (albeit over a different timescale to the increase in
consumption). There were further sex differences with consumption
being generally higher in males than females, but LCS generally higher
in females. There was no effect of the cacnalc manipulation. In Exper-
iment 2, the TRT hedonic measure did not reveal any overall differences
between vinegar and water, nor a systematic change in hedonic re-
actions over successive intra-oral exposures to vinegar. In addition,
subsequent voluntary consumption tests showed the normal pattern of
AN, but no effect of prior intra-oral exposure to vinegar. There were
again sex differences in the overall levels of consumption and hedonic
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reactions. These results raise a number of issues that we will consider in
turn.

Concerning palatability and AN, the results obtained using LCS are
consistent with previous reports using different tastes. In line with the
results of Lin, Amodeo, et al. (2012) who reported increased LCS in male
rats after four saccharin and quinine exposures, we found reduced LCS in
response to the novel vinegar solution which increases after four expo-
sures reaching the asymptote both in males and females. Thus, our re-
sults extend those of Lin, Amodeo, et al. (2012) to acid tastes and both
sexes. However, even though AN shares with CTA extinction a pattern of
increased consumption across flavor-alone exposures, the results of
Experiment 1 do not seem to parallel those obtained during extinction of
CTA. In Experiment 1 consumption recovered abruptly and reached the
asymptote on the third day. LCS, however, increased gradually across
days. This pattern is different to that described during CTA extinction.
Dwyer (2009) reported a gradual increase of consumption never
reaching the asymptote, while LCS changes were faster and larger
(Dwyer, 2009; Dwyer et al, 2013). Although relying on
cross-experiment comparisons, the difference in the relative patterns of
LCS and consumption changes between AN and CTA extinction may
suggest different underlying learning mechanisms. It is conceivable that
CTA extinction involves learning a previously unsafe flavor is now safe,
while AN would involve learning an unknown flavor was safe. The first
would require overcoming previous aversive experiences while the
second only would require assessing the effect of a non-familiar flavor.
In the context of CTA, it has been suggested that preparatory avoidance
responses may inhibit consumption but have little effect on hedonic
reactions, which could explain the faster extinction of conditioned
palatability reactions in CTA (Parker, 2003). In contrast AN does not
involve overcoming learned avoidance, potentially allowing intake to
recover swiftly. Even if some flavors have inherent properties that make
them, at least initially, unpreferred (e.g., fermentative acidity could be
related with harmful microorganisms), it would seem maladaptive for a
water-restricted animal to reject flavors that have no negative conse-
quences after ingestion.

In contrast, Experiment 2 did not find any TRT changes selectively
associated with neophobia or AN, meaning our hypotheses that both
appetitive and aversive TRT reactions would be sensitive to neophobia
and its attenuation must be rejected. Indeed, taken at face value the fact
that vinegar triggered a higher number of responses than water suggests
that flavor exposure, even when it is “mildly-aversive”, is more appeti-
tive than the exposure to a non-flavored solution. Experiment 2 also
indicated that the intraoral infusion did not reduce flavor neophobia:
surprisingly, the Experimental group previously exposed six times to the
vinegar solution during TRT did not display AN in the subsequent
voluntary intake test. That is, both the groups exposed to vinegar and
those exposed to water during the previous TRT sessions decreased
vinegar intake during the first voluntary drinking session. This suggests
that voluntary intake might be essential in order to identify and process
flavors — at the very least, intraoral infusion (i.e., involuntary exposure)
had no effect on AN here. It might be argued that the absence of AN in
the Experimental group was due to an aversive association between the
flavor and the intraoral infusion procedure during TRT, but this would
have been reflected in a delayed AN during voluntary intake test in
comparison with Control group. Alternatively, it may be the case that
the change of context imposed by the shift from passive infusion of the
vinegar solution during the TRT phase, to active consumption in the test
phase, may have interfered with any acquired familiarity. In this light,
there is evidence that latent inhibition effects are attenuated by changes
between passive exposure and active consumption (Fouquet et al., 2001;
Lopez et al., 2010; Yamamoto et al., 2002).

In addition, in Experiment 2 females displayed a lower number of
appetitive responses than males which is also opposite to previous re-
ports using sucrose, NaCl and quinine (Clarke & Ossenkopp, 1998; Flynn
et al., 1993). Female rats also increased TRT aversive reactions to both
vinegar solution and water in the second day, when the Experimental
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group was exposed for first time to the vinegar solution, but this also
happened in the Control group which still exposed to water. These were
reduced progressively, presumably as they habituated to the infusion
procedure. They also exhibited lower appetitive responses than males. It
is conceivable that TRT results reflect females being more sensitive than
males to aversive situations such as the intraoral infusion (perhaps
because the volume of solution infused is relatively higher in females
given their lower overall size). This would be also consistent with the
higher reactivity described in females (Clarke & Ossenkopp, 1998; Flynn
et al., 1993). It is important to note that appetitive and aversive re-
actions are mutually exclusive, so the high number of aversive reactions
displayed by females is consistent with the small number of appetitive
reactions. Although Fig. 2B and C may suggest higher aversive reactions
in female experimental than control groups, and little such difference in
male animals, the inferential analysis did not support the presence of a
sex by group interaction, nor an overall effect of group. In any case, even
if there was a true tendency for higher aversive reactions in the exper-
imental group, this would not reflect neophobic responses to vinegar
given that the same tendency also appears on the water pre and post
sessions.

The discrepancy in the sensitivity of the methods to assess palat-
ability using different behavioral procedures is interesting. We found
LCS to be more sensitive than TRT to assess the potential hedonic
changes involved in AN. However, TRT has been reported to be more
sensitive to assess the hedonic changes involved in flavor preferences
(Riordan & Dwyer, 2019). As noted above, this may be related to the
effects of active as opposed to passive flavor exposure. Indeed, the high
intake induced by flavor preferences might lead to ceiling effects using
LCS. Alternatively, the processes involved in learning that a previously
unfamiliar flavor is safe may differ from learning that a flavor is asso-
ciated with positive consequences. Thus, a novel flavor might have mild
aversive properties that attenuate as it becomes familiar, but this may
not also involve learning about the positive consequences of ingestion.
An additional issue concerns the apparent necessity of voluntary con-
sumption to induce AN in Experiment 2. Despite six previous forced
exposures through infusion via an intraoral cannula during TRT
assessment, both male and female rats exhibited a similar vinegar neo-
phobia in the first consumption test in comparison with non-exposed
groups. As noted previously, this may reflect the impact of a context
change between passive infusion and active voluntary consumption.
Indeed, it has been previously demonstrated that a context shift can
modulate neophobia and its attenuation (De la Casa & Diaz, 2013;
Grau-Perales, Levy, et al., 2019; Greiner & Petrovich, 2020). One rele-
vant factor may be differences produced by the change from oral infu-
sion to voluntary consumption affecting the perception of the vinegar
odor via orthonasal and retronasal routes. However, it should be
remembered that Neath et al. (2010) did find increased voluntary con-
sumption of saccharin in groups previously exposed during TRT in
comparison with those not so exposed (although they too did not see
changes in TRT reactions related to neophobia or its attenuation). The
discrepancy could be due to differences in the tastes and procedures
used: in addition to a difference in solution (saccharin vs. vinegar —
which, in addition to being sweet vs sour, also differ in the strength of
their odor components), they used shorter TRT infusions (10 s) and had
no water baseline stabilization period while we applied longer TRT
sessions (5 min) and 3 days of habituation to the water deprivation
schedule before the voluntary consumption assessment. Nonetheless,
our results seem to suggest that voluntary drinking plays at least some
role in evaluating the consequences of ingesting novel tastes.

Returning to the general issue of sex differences, females showed
higher reactivity than males in both palatability tests. They exhibit
greater LCS than males in response to the familiar vinegar solution in
Experiment 1. In Experiment 2 they exhibited changes of the aversive
reactions along the TRT sessions while males did not. High female
reactivity to sweet, salty and sour tastes has been previously found
assessing the licking rate (Curtis et al., 2004) and TRT (Clarke &
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Ossenkopp, 1998; Flynn et al., 1993). Our results extend these findings
to acid tastes. A discrepancy between previous TRT reports and our
results, however, merits discussion. While increased female appetitive
orofacial responses have been reported to sucrose, quinine (Clarke &
Ossenkopp, 1998) and low NaCl concentration (Flynn et al., 1993) so-
lutions, in the Experiment 2 females displayed fewer appetitive re-
actions than males — albeit not in a manner related flavor neophobia. As
noted previously, this may be a consequence of the high levels of
aversive TRT responses in female rats (alongside the fact that appetitive
and aversive reactions are mutually incompatible). Further research is
needed at this point in order to determine the processes involved in AN
and the impact of sex differences.

Moreover, sex differences in consumption were observed in Experi-
ment 1 such that AN after six vinegar exposures was complete in females
but not in males (AN was not complete in either males or females in
Experiment 2, although the difference between baseline water con-
sumption and terminal levels of vinegar consumption was smaller in
females than males). However, in a previous study (Exposito et al.,
2023) the use of the same vinegar solution and a similar procedure did
not find sex differences in AN. That said, there is at least one other report
of sex differences in AN: using solid food and sweet taste (high-sucrose
pellets vs. usual chow) male rats showed faster and more complete AN
than females, especially when tested in a novel context (Greiner &
Petrovich, 2020). In summary, the few examinations of sex effects in AN
show a variety of results, including more complete/faster AN in females
than males, faster AN in males than females, or no sex differences. Given
the differences in the identity and nature (solid vs liquid) of the foods
used, and differences in measurement techniques (consumption alone vs
affective measures) it is difficult to determine an overall pattern to these
results save to say that the presence or absence of sex differences in AN
remains to be established and may depend on the exact circumstances of
the test.

Finally, the absence of differences between cacnalc HET and WT rats
in LCS-measured hedonic responses to unpalatable vinegar contrasts
with the previous observation of reduced hedonic reactions to palatable
sucrose in HET animals (Gasalla et al., 2025). That is, the effect of
cacnalc on hedonic reactions appears to be a selectively anhedonic
response to positive stimulation rather than a general emotional blunt-
ing. While we would assume that the results of cacnalc manipulation
reflect differential expression in the brain between HET and WT animals,
it should be remembered that cacnalc is expressed outside the brain and
so peripheral contributions are also possible. Regardless, in the absence
of a difference between HET and WT animals in the response to AN
produced by vinegar exposure, the issue is moot here.

In summary, the present study examined the processes involved in
taste neophobia and its attenuation using both intake and hedonic
measures. The comparison of the affective LCS and TRT methods, which
differ in their reliance on voluntary consumption vs passive exposure,
suggests that voluntary consumption may play an important role in
neophobia reduction given the AN effect was present only in Experiment
1 using LCS and voluntary consumption, but not with the TRT and oral
infusion in Experiment 2. Comparison between male and female animals
suggests that the general phenomena of AN is present in both con-
sumption and hedonic reactions for both sexes, but that the exact pattern
of consumption and hedonic change during AN may differ between
them. While the fact that cacnalc HET and WT animals showed similar
patterns of responding in AN (both consumption and hedonic measures)
suggests that this genetic risk is selectively related to anhedonia
revealed by reductions in positive reactions to normatively palatable
solutions as opposed to reflecting a general insensitivity to palatability.

CRediT authorship contribution statement
S. Menchén-Marquez: Writing — review & editing, Writing — orig-

inal draft, Visualization, Methodology, Investigation, Formal analysis,
Data curation, Conceptualization. M. Valero: Investigation. P. Gasalla:



S. Menchén-Marquez et al.

Writing — review & editing, Validation, Supervision, Methodology,
Formal analysis. F. Gamiz: Writing — review & editing, Supervision,
Project administration, Methodology, Investigation, Formal analysis,
Conceptualization. M. Gallo: Writing — review & editing, Supervision,
Resources, Project administration, Methodology, Funding acquisition,
Conceptualization. D.M. Dwyer: Writing — review & editing, Supervi-
sion, Resources, Project administration, Methodology, Investigation,
Funding acquisition, Formal analysis, Data curation, Conceptualization.

Ethical statement

This study received was conducted following the local ethic guide-
lines, the UK Animals (Scientific Procedures) Act 1986 (project license
number PP3468526) for the first experiment, and the ethical approval
by the University of Granada Ethics Committee for Animal Research and
by the Regional Ministry of Agriculture, Fisheries and Rural Develop-
ment of Andalusia (1/06/2022/078) for the second experiment.

Declaration of competing interest
There are no competing interests to declare.
Funding sources and Acknowledgements

This research was funded by: PID2020-114269GB-100 funded by
MCIN/AEI/10.13039/501100011033, BSEJ.514.UGR20 (Junta de
Andalucia, Spain) and FPU16,/06017 (MECD, Spain); plus the Medical
Research Council (MR/R0O11397/1). Funding for Open Access charge:
Universidad de Granada / CBUA.

The authors would like to thank Ana Gonzalez for her timely help
during the behavioral tests.

Abbreviations

AN: Attenuation of neophobia; CTA: Conditioned taste aversion;
CFP: Conditioned flavor preferences; TRT: Taste reactivity test; LCS: Lick
cluster size (used as abbreviation of “analysis of licking microstructure”
too); HET: Heterozygous; WT: Wild type; Vin: Cider vinegar; MLM:
Mixed linear model; Exp: Experimental group.

Data availability
Data will be made available on request.

References

Ahmed, J., Dwyer, D. M., Farr, T. D., Harrison, D. J., Dunnett, S. B., & Trueman, R. C.
(2017). Lickometry: A novel and sensitive method for assessing functional deficits in
rats after stroke. Journal of Cerebral Blood Flow and Metabolism, 37(3). https://doi.
org/10.1177/0271678X16684141

Berridge, K. C. (1996). Food reward: Brain substrates of wanting and liking. Neuroscience
and Biobehavioral Reviews Biobehavioral Reviews, 20(1), 1-25. https://doi.org/
10.1016/0149-7634(95)00033-B

Berridge, K. C. (2000). Measuring hedonic impact in animals and infants: Microstructure
of affective taste reactivity patterns. Neuroscience & Biobehavioral Reviews, 24(2),
173-198. https://doi.org/10.1016/50149-7634(99)00072-X

Cantora, R., Lopez, M., Aguado, L., Rana, S., & Parker, L. A. (2006). Extinction of a
saccharin-lithium association: Assessment by consumption and taste reactivity.
Learning & Behavior, 34(1), 37-43. https://doi.org/10.3758/BF03192869

Clarke, S. N. D. A., & Ossenkopp, K. P. (1998). Taste reactivity responses in rats:
Influence of sex and the estrous cycle. American Journal of Physiology - Regulatory,
Integrative and Comparative Physiology, 274(3). https://doi.org/10.1152/
ajpregu.1998.274.3.r718, 43-3.

Curtis, K. S., Davis, L. M., Johnson, A. L., Therrien, K. L., & Contreras, R. J. (2004). Sex
differences in behavioral taste responses to and ingestion of sucrose and NaCl
solutions by rats. Physiology and Behavior, 80(5). https://doi.org/10.1016/].
physbeh.2003.11.007

Davis, J. D., & Levine, M. W. (1977). A model for the control of ingestion. Psychological
Review, 84(4). https://doi.org/10.1037/0033-295X.84.4.379

Davis, J. D., & Smith, G. P. (1992). Analysis of the microstructure of the rhythmic tongue
movements of rats ingesting maltose and sucrose solutions. Behavioral Neuroscience,
106(1), 217-228. https://doi.org/10.1037/0735-7044.106.1.217

10

Appetite 216 (2026) 108305

De la Casa, L. G., & Diaz, E. (2013). Contextual control of flavor neophobia. Physiology
and Behavior, 118, 45-51. https://doi.org/10.1016/J.PHYSBEH.2013.05.020

Dedic, N., P6hlmann, M. L., Richter, J. S., Mehta, D., Czamara, D., Metzger, M. W.,
Dine, J., Bedenk, B. T., Hartmann, J., Wagner, K. V., Jurik, A., Almli, L. M., Lori, A.,
Moosmang, S., Hofmann, F., Wotjak, C. T., Rammes, G., Eder, M., Chen, A,, ...
Deussing, J. M. (2018). Cross-disorder risk gene CACNA1C differentially modulates
susceptibility to psychiatric disorders during development and adulthood. Molecular
Psychiatry, 23(3). https://doi.org/10.1038/mp.2017.133

Domjan, M. (1976). Determinants of the enhancement of flavored-water intake by prior
exposure. Journal of Experimental Psychology: Animal Behavior Processes, 2(1).
https://doi.org/10.1037/0097-7403.2.1.17

Dwyer, D. M. (2009). Microstructural analysis of ingestive behaviour reveals no
contribution of palatability to the incomplete extinction of a conditioned taste
aversion. Quarterly Journal of Experimental Psychology, 62(1), 9-17. https://doi.org/
10.1080/17470210802215152

Dwyer, D. M. (2012). Licking and liking: The assessment of hedonic responses in rodents.
Quarterly Journal of Experimental Psychology, 65(3), 371-394. https://doi.org/
10.1080/17470218.2011.652969

Dwyer, D. M., Boakes, R. A., & Hayward, A. J. (2008). Reduced palatability in lithium-
and activity-based, but not in amphetamine-based, taste aversion learning.
Behavioral Neuroscience, 122(5). https://doi.org/10.1037/a0012703

Dwyer, D. M., Gasalla, P., Bura, S., & Lopez, M. (2017). Flavors paired with internal pain
or with nausea elicit divergent types of hedonic responses. Behavioral Neuroscience,
131(3). https://doi.org/10.1037/bne0000197

Dwyer, D. M., Gasalla, P., & Lopez, M. (2013). Nonreinforced flavor exposure attenuates
the effects of conditioned taste aversion on both flavor consumption and cue
palatability. Learning & Behavior, 41(4), 390-401. https://doi.org/10.3758/513420-
013-0114-x

Elizalde, G., & Sclafani, A. (1988). Starch-based conditioned flavor preferences in rats:
Influence of taste, calories and CS-US delay. Appetite, 11(3). https://doi.org/
10.1016/50195-6663(88)80002-3

Exposito, A. N., Morillas, E., Gomez-Chacon, B., & Gallo, M. (2020). Prefrontal cortex
activity patterns during taste neophobia habituation in adult and aged rats.
Behavioral Brain Research, 392, Article 112717. https://doi.org/10.1016/j.
bbr.2020.112717

Exposito, A. N., Vézquez-Agredos, A., Menchén-Marquez, S., Gamiz, F., & Gallo, M.
(2023). Taste neophobia, latent inhibition of taste aversion and object recognition
memory in adolescent rats. Psicothema, 35(4), 423-431. https://doi.org/10.7334/
psicothema2022.256

Ferreira, M. A. R., O’'Donovan, M. C., Meng, Y. A., Jones, . R., Ruderfer, D. M., Jones, L.,
Fan, J., Kirov, G., Perlis, R. H., Green, E. K., Smoller, J. W., Grozeva, D., Stone, J.,
Nikolov, I., Chambert, K., Hamshere, M. L., Nimgaonkar, V. L., Moskvina, V.,
Thase, M. E., ... Craddock, N. (2008). Collaborative genome-wide association
analysis supports a role for ANK3 and CACNAIC in bipolar disorder. Nature Genetics,
40(9). https://doi.org/10.1038/ng.209

Flynn, F. W., Schulkin, J., & Havens, M. (1993). Sex differences in salt preference and
taste reactivity in rats. Brain Research Bulletin, 32(2). https://doi.org/10.1016/0361-
9230(93)90061-F

Fouquet, N., Oberling, P., & Sandner, G. (2001). Differential effect of free intake versus
oral perfusion of sucrose in conditioned taste aversion in rats. Physiology and
Behavior, 74(4-5). https://doi.org/10.1016/50031-9384(01)00585-6

Friard, O., & Gamba, M. (2016). BORIS: A free, versatile open-source event-logging
software for video/audio coding and live observations. Methods in Ecology and
Evolution, 7(11), 1325-1330. https://doi.org/10.1111/2041-210X.12584

Gallo, M. (2018). Taste neophobia over the life span. In Food neophobia: Behavioral and
biological influences (pp. 25-41). Elsevier. https://doi.org/10.1016/B978-0-08-
101931-3.00002-1.

Garcia, J., Kimeldorf, D. J., & Koelling, R. A. (1955). Conditioned aversion to saccharin
resulting from exposure to gamma radiation. Science, 122(3160). https://doi.org/
10.1126/science.122.3160.157

Garcia, J., & Koelling, R. A. (1966). Relation of cue to consequence in avoidance
learning. Psychonomic Science, 4(1). https://doi.org/10.3758/bf03342209

Garcia, J., McGowan, B. K., Ervin, F. R., & Koelling, R. A. (1968). Cues: Their relative
effectiveness as a function of the reinforcer. Science, 160(3829). https://doi.org/
10.1126/science.160.3829.794

Gasalla, P., Begega, A., Soto, A., Dwyer, D. M., & Lopez, M. (2016). Functional brain
networks underlying latent inhibition of conditioned disgust in rats. Behavioural
Brain Research, 315, 36-44. https://doi.org/10.1016/J.BBR.2016.07.051

Gasalla, P., Soto, A., Dwyer, D. M., & Lopez, M. (2017). Blocking of flavor-nausea
learning by non-flavor cues: Assessment through orofacial reactivity responses.
Journal of Experimental Psychology: Animal Learning and Cognition, 43(2). https://doi.
org/10.1037/xan0000135

Gasalla, P., Thomas, K. L., Wilkinson, L., Hall, J., & Dwyer, D. M. (2025). Reduced
Cacnalc expression produces anhedonic reactions to palatable sucrose in rats: No
interactions with juvenile or adult stress. Genes, Brain and Behavior, 24(2), Article
€70021. https://doi.org/10.1111/gbb.70021

Grau-Perales, A. B., Gomez-Chacén, B., Morillas, E., & Gallo, M. (2019). Flavor
recognition memory related activity of the posterior piriform cortex in adult and
aged rats. Behavioural Brain Research, 360, 196-201. https://doi.org/10.1016/j.
bbr.2018.12.016

Grau-Perales, A. B., Levy, E. R. J., Fenton, A. A., & Gallo, M. (2019). Dorsal hippocampal
damage disrupts the auditory context-dependent attenuation of taste neophobia in
mice. Neurobiology of Learning and Memory, 157, 121-127. https://doi.org/10.1016/
J.NLM.2018.12.009


https://doi.org/10.1177/0271678X16684141
https://doi.org/10.1177/0271678X16684141
https://doi.org/10.1016/0149-7634(95)00033-B
https://doi.org/10.1016/0149-7634(95)00033-B
https://doi.org/10.1016/S0149-7634(99)00072-X
https://doi.org/10.3758/BF03192869
https://doi.org/10.1152/ajpregu.1998.274.3.r718
https://doi.org/10.1152/ajpregu.1998.274.3.r718
https://doi.org/10.1016/j.physbeh.2003.11.007
https://doi.org/10.1016/j.physbeh.2003.11.007
https://doi.org/10.1037/0033-295X.84.4.379
https://doi.org/10.1037/0735-7044.106.1.217
https://doi.org/10.1016/J.PHYSBEH.2013.05.020
https://doi.org/10.1038/mp.2017.133
https://doi.org/10.1037/0097-7403.2.1.17
https://doi.org/10.1080/17470210802215152
https://doi.org/10.1080/17470210802215152
https://doi.org/10.1080/17470218.2011.652969
https://doi.org/10.1080/17470218.2011.652969
https://doi.org/10.1037/a0012703
https://doi.org/10.1037/bne0000197
https://doi.org/10.3758/s13420-013-0114-x
https://doi.org/10.3758/s13420-013-0114-x
https://doi.org/10.1016/S0195-6663(88)80002-3
https://doi.org/10.1016/S0195-6663(88)80002-3
https://doi.org/10.1016/j.bbr.2020.112717
https://doi.org/10.1016/j.bbr.2020.112717
https://doi.org/10.7334/psicothema2022.256
https://doi.org/10.7334/psicothema2022.256
https://doi.org/10.1038/ng.209
https://doi.org/10.1016/0361-9230(93)90061-F
https://doi.org/10.1016/0361-9230(93)90061-F
https://doi.org/10.1016/S0031-9384(01)00585-6
https://doi.org/10.1111/2041-210X.12584
https://doi.org/10.1016/B978-0-08-101931-3.00002-1
https://doi.org/10.1016/B978-0-08-101931-3.00002-1
https://doi.org/10.1126/science.122.3160.157
https://doi.org/10.1126/science.122.3160.157
https://doi.org/10.3758/bf03342209
https://doi.org/10.1126/science.160.3829.794
https://doi.org/10.1126/science.160.3829.794
https://doi.org/10.1016/J.BBR.2016.07.051
https://doi.org/10.1037/xan0000135
https://doi.org/10.1037/xan0000135
https://doi.org/10.1111/gbb.70021
https://doi.org/10.1016/j.bbr.2018.12.016
https://doi.org/10.1016/j.bbr.2018.12.016
https://doi.org/10.1016/J.NLM.2018.12.009
https://doi.org/10.1016/J.NLM.2018.12.009

S. Menchén-Marquez et al.

Greiner, E. M., & Petrovich, G. D. (2020). The effects of novelty on food consumption in
male and female rats. Physiology and Behavior, 223. https://doi.org/10.1016/j.
physbeh.2020.112970

Grill, H. J., & Norgren, R. (1978). The taste reactivity test. II. Mimetic responses to
gustatory stimuli in chronic thalamic and chronic decerebrate rats. Brain Research,
143(2), 281-297. https://doi.org/10.1016/0006-8993(78)90569-3

Lin, J. Y., Amodeo, L. R., Arthurs, J., & Reilly, S. (2012). Taste neophobia and
palatability: The pleasure of drinking. Physiology and Behavior Behavior, 106(4),
515-519. https://doi.org/10.1016/J.PHYSBEH.2012.03.029

Lin, J. Y., Arthurs, J., Amodeo, L. R., & Reilly, S. (2012). Reduced palatability in drug-
induced taste aversion: I. Variations in the initial value of the conditioned stimulus.
Behavioral Neuroscience, 126(3). https://doi.org/10.1037/a0027674

Lin, J. Y., Arthurs, J., & Reilly, S. (2014). Conditioned taste aversion, drugs of abuse and
palatability. Neuroscience and Biobehavioral Reviews Biobehavioral Reviews, 45, 28-45.
https://doi.org/10.1016/J.NEUBIOREV.2014.05.001

Lépez, M., Dwyer, D. M., Gasalla, P., Jove, C., & Begega, A. (2022). Characterizing
hedonic responses to flavors paired with internal pain and nausea through the taste
reactivity test in rats. Bio-Protocol, 12(18). https://doi.org/10.21769/
BioProtoc.4515

Lopez, M., Gasalla, P., Vega, M., Limebeer, C. L., Rock, E. M., Tuerke, K. J., Bedard, H., &
Parker, L. A. (2010). Latent inhibition of conditioned disgust reactions in rats.
Learning & Behavior, 38(2), 177-186. https://doi.org/10.3758/LB.38.2.177

Moon, A. L., Haan, N., Wilkinson, L. S., Thomas, K. L., & Hall, J. (2018). CACNA1C:
Association with psychiatric disorders, behavior, and neurogenesis. Schizophrenia
Bulletin, 44(5), 958. https://doi.org/10.1093/SCHBUL/SBY096

Morales, 1., & Berridge, K. C. (2020). ‘Liking’ and ‘wanting’ in eating and food reward:
Brain mechanisms and clinical implications. Physiology and Behavior, 227. https://
doi.org/10.1016/j.physbeh.2020.113152

Mullins, N., Forstner, A. J., O’Connell, K. S., Coombes, B., Coleman, J. R. L, Qiao, Z.,
Als, T. D., Bigdeli, T. B., Bgrte, S., Bryois, J., Charney, A. W., Drange, O. K.,
Gandal, M. J., Hagenaars, S. P., Ikeda, M., Kamitaki, N., Kim, M., Krebs, K.,
Panagiotaropoulou, G., ... Andreassen, O. A. (2021). Genome-wide association study
of more than 40,000 bipolar disorder cases provides new insights into the underlying
biology. Nature Genetics, 53(6). https://doi.org/10.1038/541588-021-00857-4

Neath, K. N., Limebeer, C. L., Reilly, S., & Parker, L. A. (2010). Increased liking for a
solution is not necessary for the attenuation of neophobia in rats. Behavioral
Neuroscience, 123(3), 398-404. https://doi.org/10.1037/a0019505

Parker, L. A. (1995). Rewarding drugs produce taste avoidance, but not taste aversion.
Neuroscience & Biobehavioral Reviews, 19(1), 143-151. https://doi.org/10.1016/
0149-7634(94)00028-Y

11

Appetite 216 (2026) 108305

Parker, L. A. (2003). Taste avoidance and taste aversion: Evidence for two different
processes. Learning & Behavior, 31(2), 165-172. https://doi.org/10.3758/
BF03195979

Parker, L. A. (2014). Conditioned flavor avoidance and conditioned gaping: Rat models
of conditioned nausea. European Journal of Pharmacology, 722(1). https://doi.org/
10.1016/j.ejphar.2013.09.070

Parker, L. A., & Limebeer, C. L. (2006). Conditioned gaping in rats: A selective measure of
nausea. Autonomic Neuroscience: Basic and Clinical, 129(1-2). https://doi.org/
10.1016/j.autneu.2006.07.022

Peck, J. H., & Ader, R. (1974). Illness-induced taste aversion under states of deprivation
and satiation. Animal Learning & Behavior, 2(1). https://doi.org/10.3758/
BF03199107

Pelchat, M. L., Grill, H. J., Rozin, P., & Jacobs, J. (1983). Quality of acquired responses to
tastes by Rattus norvegicus depends on type of associated discomfort. Journal of
Comparative Psychology, 97(2), 140-153. https://doi.org/10.1037/0735-
7036.97.2.140

Revusky, S. H., & Bedarf, E. W. (1967). Association of illness with prior ingestion of novel
foods. Science, 155(3759). https://doi.org/10.1126/science.155.3759.219

Riordan, J. E., & Dwyer, D. M. (2019). Licking microstructure and hedonic changes after
flavour preference learning in rats. Quarterly Journal of Experimental Psychology, 72
(12), 2717-2725. https://doi.org/10.1177/1747021819857052

Ripke, S., Neale, B. M., Corvin, A., Walters, J. T. R., Farh, K. H., Holmans, P. A., Lee, P.,
Bulik-Sullivan, B., Collier, D. A., Huang, H., Pers, T. H., Agartz, L., Agerbo, E.,
Albus, M., Alexander, M., Amin, F., Bacanu, S. A., Begemann, M., Belliveau, R. A,, ...
O’Donovan, M. C. (2014). Biological insights from 108 schizophrenia-associated
genetic loci. Nature, 511(7510). https://doi.org/10.1038/nature13595

Rosas, J. M., & Bouton, M. E. (1996). Spontaneous recovery after extinction of a
conditioned taste aversion. Animal Learning & Behavior, 24(Issue 3). https://doi.org/
10.3758/bf03198982

Sykes, L., Haddon, J., Lancaster, T. M., Sykes, A., Azzouni, K., Ihssen, N., Moon, A. L.,
Lin, T. C. E,, Linden, D. E., Owen, M. J., O’'Donovan, M. C., Humby, T.,

Wilkinson, L. S., Thomas, K. L., & Hall, J. (2019). Genetic variation in the psychiatric
risk gene CACNA1C modulates reversal learning across species. Schizophrenia
Bulletin, 45(5), 1024-1032. https://doi.org/10.1093/schbul/sby146

Trubetskoy, V., Pardinas, A. F., Qi, T., Panagiotaropoulou, G., Awasthi, S., Bigdeli, T. B.,
Bryois, J., Chen, C. Y., Dennison, C. A., Hall, L. S., Lam, M., Watanabe, K., Frei, O.,
Ge, T., Harwood, J. C., Koopmans, F., Magnusson, S., Richards, A. L., Sidorenko, J.,
... van Os, J. (2022). Mapping genomic loci implicates genes and synaptic biology in
schizophrenia. Nature, 604(7906). https://doi.org/10.1038/s41586-022-04434-5

Yamamoto, J., Fresquet, N., & Sandner, G. (2002). Conditioned taste aversion using four
different means to deliver sucrose to rats. Physiology and Behavior, 75(3). https://doi.
org/10.1016/50031-9384(01)00671-0


https://doi.org/10.1016/j.physbeh.2020.112970
https://doi.org/10.1016/j.physbeh.2020.112970
https://doi.org/10.1016/0006-8993(78)90569-3
https://doi.org/10.1016/J.PHYSBEH.2012.03.029
https://doi.org/10.1037/a0027674
https://doi.org/10.1016/J.NEUBIOREV.2014.05.001
https://doi.org/10.21769/BioProtoc.4515
https://doi.org/10.21769/BioProtoc.4515
https://doi.org/10.3758/LB.38.2.177
https://doi.org/10.1093/SCHBUL/SBY096
https://doi.org/10.1016/j.physbeh.2020.113152
https://doi.org/10.1016/j.physbeh.2020.113152
https://doi.org/10.1038/s41588-021-00857-4
https://doi.org/10.1037/a0019505
https://doi.org/10.1016/0149-7634(94)00028-Y
https://doi.org/10.1016/0149-7634(94)00028-Y
https://doi.org/10.3758/BF03195979
https://doi.org/10.3758/BF03195979
https://doi.org/10.1016/j.ejphar.2013.09.070
https://doi.org/10.1016/j.ejphar.2013.09.070
https://doi.org/10.1016/j.autneu.2006.07.022
https://doi.org/10.1016/j.autneu.2006.07.022
https://doi.org/10.3758/BF03199107
https://doi.org/10.3758/BF03199107
https://doi.org/10.1037/0735-7036.97.2.140
https://doi.org/10.1037/0735-7036.97.2.140
https://doi.org/10.1126/science.155.3759.219
https://doi.org/10.1177/1747021819857052
https://doi.org/10.1038/nature13595
https://doi.org/10.3758/bf03198982
https://doi.org/10.3758/bf03198982
https://doi.org/10.1093/schbul/sby146
https://doi.org/10.1038/s41586-022-04434-5
https://doi.org/10.1016/S0031-9384(01)00671-0
https://doi.org/10.1016/S0031-9384(01)00671-0

	Palatability changes during attenuation of flavor neophobia assessed with licking microstructure and taste reactivity
	1 Introduction
	2 Method
	2.1 Experiment 1 – LCS
	2.1.1 Subjects
	2.1.2 Stimulus and apparatus
	2.1.3 Procedure
	2.1.4 Data analysis

	2.2 Experiment 2 – TRT and voluntary intake test
	2.2.1 Subjects
	2.2.2 Surgery
	2.2.3 Equipment
	2.2.4 Procedure and criteria for TRT analysis
	2.2.5 Data analysis


	3 Results
	3.1 Experiment 1
	3.2 Experiment 2

	4 Discussion
	CRediT authorship contribution statement
	Ethical statement
	Declaration of competing interest
	Funding sources and Acknowledgements
	Abbreviations
	Data availability
	References


