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Chorda tympani nerve transection alters linoleic acid taste discrimination
by male and female rats
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Abstract

Taste is intimately associated with food choice, yet little is known about the role of taste in preferences for dietary fat, a major component of
many foods. We measured the taste threshold for linoleic acid (LA), an essential free fatty acid found in dietary fat, before and after bilateral
transections of the chorda tympani nerve (CTX) in adult male and female rats. We conditioned a taste aversion to 88 μM LA and assessed the
generalization of the aversion to lower LA concentrations to determine LA discrimination thresholds. We discovered that female rats had a lower
LA discrimination threshold (∼2.75 μM LA) than did male rats (∼11 μM LA). In another set of animals, we performed CTX and found that CTX
elevated LA threshold to the same level (∼22 μM LA) in male and female rats. Finally, we evaluated licking responses to 11, 22, 44 and 88 μM
LA mixed in sucrose by male rats and ovariectomized (OVX) female rats treated with estradiol benzoate or oil vehicle. All rats increased licking to
increasing LA concentrations, but OVX rats responded to a lower LA concentration (22 μM) than did males (44 μM) in 10-s trials. However,
estradiol did not affect this outcome. Collectively, these experiments show that male and female rats use taste to discriminate LA and that the
chorda tympani nerve, which innervates taste buds on the anterior tongue, plays a role in this discrimination. Furthermore, sex differences in fat
preferences may depend on differences in fatty acid taste thresholds as well as on the taste stimuli with which fat is combined.
© 2006 Elsevier Inc. All rights reserved.
Keywords: Gustatory processing; Free fatty acids; Taste preferences; Fat taste; Conditioned taste aversion
1. Introduction

Taste is the gateway for ingestion as food choices are
intimately associated with taste. In turn, food consumption
ultimately influences body weight. Given the implications for
the effect of taste on ingestion and body weight, it is surprising
that little research has investigated the taste of fat—a substance
directly related to body weight and, in extreme cases, to obesity.
Traditionally, behavioral responses to fat have been attributed to
smell, texture, or post-ingestive effects rather than to taste.
However, emerging evidence suggests that fat has a taste in
addition to its other sensory attributes. Rats prefer fat solutions
even when olfaction and texture are minimized [1] and can
make behavioral discriminations between different kinds of oils
[2]. Ingested fats are rapidly broken down in the oral cavity by
lingual lipase (within 1–5s; [3]), thereby providing free fatty
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acids that may act on taste receptors on the tongue. In fact, the
addition of a lipase inhibitor greatly reduces rats' preference for
fat solutions [3]. Finally, essential free fatty acids, such as
linoleic acid (LA), that are major components of many dietary
fats, inhibit delayed rectifying potassium channels in isolated
taste cells [4,5] and a fatty acid transporter has been found in the
taste buds of the gustatory epithelium [6]. Together, these
results suggest that fat has a taste and, more specifically, that the
taste of fatty acids underlies the preference for fats.

Despite the evidence for the detection of fat and fatty acids in
the oral cavity, peripheral neural mechanisms that mediate fat
taste responses remain unknown. Most studies of peripheral
gustatory nerves have focused on electrophysiological responses
to classic taste stimuli (sweet, salty, bitter and sour), with very
few exceptions (e.g. [7]). For example, it is well known that the
chorda tympani (CT) branch of the facial nerve is highly
responsive to salt and, to a lesser degree, to sour stimuli in rats
and is also involved in appetitive behaviors [8]; however, CT
sensitivity to fat or fatty acids has not been examined.
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Accordingly, the following experiments were designed to
examine fat taste in greater detail by evaluating the approximate
taste threshold for LA and the role of peripheral neural signals in
fat taste discrimination. We evaluated the generalization of a
taste aversion conditioned to LA to determine approximate LA
taste thresholds in male and female rats. In this protocol, we
conducted 2-bottle (LA+water) tests and operationally defined
the discrimination threshold for LA to be the concentration at
which rats did not discriminate between LA and water. We also
examined the effect of bilateral transections of the CT (CTX) on
discrimination thresholds using the same conditioned taste
aversion generalization protocol. Finally, given empirical as
well as anecdotal evidence that women have a greater
preference for ‘sweet-fat’ substances [9,10] than do men, we
examined whether male and female rats respond differently to
LA mixed with sucrose and the role of estrogen in such
differences. We used short-term (10-s) intake tests, designed to
minimize post-ingestive effects, to evaluate behavioral taste
responses to LA mixed with sucrose and whether estrogen
affected these taste responses.

2. Methods

2.1. Subjects

Age-matched adult male and female Sprague–Dawley rats
(Charles River Laboratory) weighing 200–375 g at the
beginning of testing were individually housed in a tempera-
ture-controlled (72 °F) room and maintained on a 12:12-h light–
dark cycle with lights on at 07:00 h. Rats were given ad libitum
access to Purina rodent chow (#5001) and water, except where
noted. The Institutional Animal Care and Use Committee at
Florida State University approved all procedures.

2.2. Chemicals

Due to its lipophilic nature, linoleic acid (LA; Sigma: 99%
pure) was dissolved in 5 mM EtOH. All other reagent grade
chemicals were mixed in deionized water.

2.3. Experiment 1: LA discrimination thresholds

Male and female rats were placed on a water restriction
schedule during which they had access to deionized water for
10 min daily. Once they reliably drank volumes of water≥7 ml,
all rats were given 88 μM LA in a graduated drinking tube
(conditioning day, D1). After 10 min, fluid intake was recorded
and rats were injected i.p. with 3 mEq/kg BW of 0.15 M LiCl
(male n=10; female n=9) or 0.15 M NaCl (male n=9; female
n=10).

Rats were given water for 10 min on D2 and the LiCl-
induced conditioned taste aversion (CTA) to 88 μM LA was
verified on D3 in 10 min, 2-bottle (LA and water) tests. Rats
were tested for the generalization of the CTA to less
concentrated LA solutions (44, 22, 11, 5.5, 2.75, 1.375 μM)
in additional 2-bottle (LA and water) tests conducted on D4–9.
During these generalization tests, one LA concentration was
given each day with presentation in descending order of
concentration. To ensure that the results obtained did not reflect
an extinction of the conditioned aversion, the CTA to 88 μMLA
again was assessed after the final day of generalization testing
(D10).

2.4. Experiment 2: effect of CTX on LA discrimination
thresholds

Following adaptation to water restriction as described
previously, a different group of male (NaCl n=9, LiCl n=9)
and female (NaCl n=10, LiCl n=10) rats were anesthetized
with sodium pentobarbital (50 mg/kg, i.p.; Abbot Laboratories).
The chorda tympani nerve was bilaterally transected (CTX) as
described by O'Keefe et al. [11]. Briefly, a topical analgesic
(bupivacaine) was applied to the external auditory meatus
which was then retracted using blunted hypodermic needles to
visualize the tympanic membrane and the malleus through an
operating microscope. The tympanic membrane was removed
using a hypodermic needle, a small caudal portion of the
malleus was removed to expose the CT and the CT then was
sectioned. Following transection, rats were allowed to recover
for 7 days during which they had ad libitum access to food and
water. Rats then were given 10 min daily access to water until
stable intakes of ≥7 ml were re-established. Immediately
afterward, rats were given a conditioned aversion to 88 μM LA
and tested for the generalization of the aversion to 44, 22, 11 and
5.5 μM LA as described previously.

After the last day of testing (∼2 weeks after CTX), animals
were deeply anesthetized with urethane and the tongues were
removed for histological verification of the efficacy of the CT
transections as described by Geran et al. [12]. The anterior
portion of the tongue was isolated and placed in distilled water
and then dipped in 0.5% methylene blue for approximately
1 min. The epithelium then was separated from the underlying
connective tissue and muscle and flattened between two glass
slides. The number of visible fungiform papillae and taste pores
were counted under a light microscope. Because CTX results in
a large decrease in the number of taste pores on the anterior 2/3
of the tongue [13], rats that had ≥20% of papillae with taste
pores after CTX (n=4) were excluded from the analysis.

2.5. Experiment 3: lickometer training and testing

Rats were trained to consume fluids during 10-s presenta-
tions using the Davis MS80 Rig (Dilog Instruments and
Systems, Tallahassee, FL), a programmable lickometer with a
shutter that is opened or closed electronically to give the rat
access to one of eight drinking tubes that are mounted on a
sliding platform. A microcomputer controls the shutter and the
position of the platform, thus determining the order and duration
of the tube presentation, as well as the interval between
presentations. Contact with the spout of a drinking tube
completes a weak electrical circuit (<60 nA) that is recorded
by the microcomputer as a lick.

Training and testing followed procedures described pre-
viously [14,15]. Briefly, rats were acclimated to the Davis
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MS80 Rig by being placed in the test chamber with access to
one tube of 0.2 M sucrose for 15 min/day on two consecutive
days. For the next 7 days, rats were given water for only 30 min/
day in their home cages following 15 min access to 0.2 M
sucrose in the Davis MS80 Rig. On the last 4 days, rats were
given three 200-s presentations of 0.2 M sucrose to acclimate
them to the sound and motion of the sliding platform. Rats were
then given ad libitum access to water for the remainder of the
training and testing, which was conducted at 2–5 day intervals.
Presentations of 0.2 M sucrose were decreased to 10 s and
training continued for 3–5 sessions until the rats reliably licked
during each 10-s presentation. In subsequent sessions, rats were
given 10-s presentations of test solutions described below. In
these sessions, if a rat did not lick within 180 s, the shutter
closed and the platform moved to present a different tube.

2.5.1. 0.0375 and 0.2 M sucrose
Our previous studies found that rats licked at maximal rates

to most sucrose-test solution mixtures when only one sucrose
concentration was used [14,16]. Rats reduced licking only to
mixtures containing high concentrations of the test solution,
which prevented the detection of increased licking. Therefore,
we mixed LA in both 0.2 M and 0.0375 M sucrose to elicit
different rates of licking (i.e., a contrast effect), thereby
allowing the detection of both increases and decreases in
licking.

2.5.2. Sucrose vs. sucrose+EtOH
To control for the effect of the addition of EtOH, during

initial training, rats were given trials with both sucrose
concentrations with and without EtOH. A two-way (Sucrose
concentration×EtOH) repeated measures Analysis of Variance
(ANOVA; Statistica, StatSoft, Tulsa, OK) revealed no sig-
nificant effect of the addition of EtOH (p=0.13). Therefore, for
the rest of the training and during testing, all sucrose solutions
(SUC) were mixed in 5 mM EtOH.

2.5.3. Sucrose+LA training
Male and female rats (prior to ovariectomy) were given

access to each LA concentration (11, 22, 44 and 88 μM) mixed
in both sucrose concentrations during training. Thus, both
groups had previous experience with sucrose as well as with LA
mixed in sucrose before the start of testing to minimize the
possibility that the results obtained during LA testing were
attributable to novelty.

2.5.4. OVX rats: ovariectomy and estrogen replacement
After training as described, female rats (n=11) were

bilaterally ovariectomized (OVX) under sodium pentobarbital
anesthesia (Nembutal Sodium; Abbott Laboratories, North
Chicago, IL; 50 mg/kg BW, ip). A midline abdominal incision
was made and the ovaries were removed. The abdominal
muscles then were sutured and wound clips applied to the skin.
Rats were permitted to recover for 7 days, during which time
one additional training session was run.

We used an estrogen replacement schedule designed to
mimic the pattern of estrogen fluctuations in intact, cycling
female rats [17]. OVX rats were randomly assigned to receive
injections of estradiol benzoate (EB; 10 μg/0.1 ml oil, sc:
Sigma, St. Louis, MO) or the oil vehicle (OIL; 0.1 ml, sc) on
two consecutive days. Plasma estrogen levels increase to the
supraphysiological range immediately following EB injections,
but are metabolized to physiologic levels over the subsequent
24 h using this protocol [17]. The treatment schedule was
repeated at weekly intervals for a total of 4 weeks, during which
EB/OIL injections for each rat were alternated. Thus, each OVX
rat was tested in both EB and OIL conditions. Body weights
were recorded daily during testing.

2.5.5. Male rats
Male rats (n=9) did not undergo surgery, but were injected

with OIL or received no injection (CONTROL). As with OVX
rats, the treatment schedule was repeated for a total of 4 weeks
and the treatments were alternated. Thus, each male rat was
tested in both OIL and CONTROL conditions.

2.5.6. Lickometer testing
Licking responses to 11, 22, 44 and 88 μM LA mixed in

0.0375 M or 0.2 M sucrose (LA+SUC) were evaluated 24 h
after the first treatment and 48 h after the second treatment. Rats
were given 10-s presentations of water, EtOH, SUC (0.0375 M
and 0.2 M) and LA+SUC (0.2 M and 0.0375 M). Since the
Davis MS80 Rig holds a maximum of eight drinking tubes,
11 μM and 44 μM LAwere presented in testing sessions during
weeks 1 and 2, and 22 μM and 88 μM LA were presented in
testing sessions during weeks 3 and 4. Thus, all rats were tested
in both treatment conditions (OVX: EB/OIL; male: OIL/
CONTROL) for all LA concentrations (11, 44, 22 and 88 μM).

Within a session, the order of presentation was randomized
and each solution was presented twice with a 180-s limit to begin
licking. Once licking began, rats had 10-s access to the test
solution during each trial. Trials were separated by 30 s. The
number of licks during each presentation was recorded. In trials
when a rat failed to lick (e.g. during presentations of water), a
zero was recorded. The average number of licks for each solution
was calculated for each rat. Thus, within each treatment
condition, the licking rate for each LA concentration was the
average of four trials (two trials per day for two test days).
Preliminary comparisons of the number of licks to 0.2 M and to
0.0375 M SUC using a two-way (Sucrose concentration×Day)
repeatedmeasures ANOVA revealed no significant changes over
the 4 weeks of testing (p=0.15). Thus, the number of licks for
each SUC solution was averaged over eight test days (two trials
per day for four test days) for each rat in each treatment
condition.

2.6. Statistical analysis

All data are presented as group means±S.E.M. Statistical
comparisons were made using repeated measures ANOVAs as
described below. Pairwise comparisons of statistically signifi-
cant (p<0.05) main effects or interactions were evaluated using
Student–Newman–Keuls tests and specific planned compar-
isons were made using Bonferroni corrections.



Fig. 2. CT-intact generalization testing: preference scores for LA (11, 5.5, 2.75,
1.375 μM) by male (white bars) and female (gray bars) NaCl-treated (solid bars)
and LiCl-treated (hatched bars) CT-intact rats. ⁎⁎p<0.01; ns=not significant.
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2.6.1. Experiment 1: LA discrimination thresholds
The results from the CTA tests were expressed as preference

scores, calculated as [LA intake (ml)/total intake (ml)]. By
convention, we considered scores≥0.55 to indicate a preference
for LA, scores ≤0.45 to indicate an aversion to LA and scores
between 0.45 and 0.55 to indicate indifference toLA. TheCTA to
88 μM LA at the beginning and at the end of testing was
compared using a three-factor (Sex×Drug× time) repeated
measures ANOVA. Initial testing showed that all LiCl-treated
rats generalized theCTA toboth 44 and22μMLA.Therefore, the
main testing sequence consisted of daily generalization tests of
the CTA to 11, 5.5, 2.75 and 1.375 μM LA. This change did not
alter the subsequent results, as revealed by statistical compar-
isons of the two protocols using a four-way (Sex×Drug×Pro-
tocol×LA concentration) repeated measures ANOVA. Thus,
data obtained from the two protocols were combined in
subsequent analyses. The generalization of the CTA to 11, 5.5,
2.75 and 1.375 μM LA solutions was compared using a three-
factor (Sex×Drug×Concentration) repeated measures ANOVA.

2.6.2. Experiment 2: effect of CTX on LA discrimination
Statistical comparisons of the taste aversion conditioned to

88 μMLA in CTX rats at the beginning and at the end of testing
were made using a three-factor (Sex×Drug×Time) repeated
measures ANOVA. Comparisons of the generalization of the
conditioned aversion to LA were made using a three-factor
(Sex×Drug×Concentration) repeated measures ANOVA.

2.6.3. Experiment 3: lickometer tests
Licking responses in 10-s tests were analyzed using a four-

way (Sex×Treatment×SUC×LA) repeated measures analysis
of variance (ANOVA; Statistica, StatSoft, Tulsa, OK). Statis-
tical comparisons of the change in body weight from D1 to D4
in OVX rats (EB vs. OIL) were made using paired t-tests.

3. Results

3.1. Experiment 1: LA discrimination thresholds

Fig. 1 shows the preference scores for 88 μM LA at the
beginning and end of testing for all CT-intact groups. As
Fig. 1. CT-intact conditioned taste aversion testing: preference scores for 88 μM
LA on the first day of testing (D3) and the final day of testing (D8) by male
(white bars) and female (gray bars) NaCl-treated (solid bars) and LiCl-treated
(hatched bars) CT-intact rats. ⁎⁎⁎p<0.001.
expected, LiCl treatment resulted in a robust aversion to 88 μM
LA (F(1,34)=252.57, p<0.001) that remained unchanged from
the first to final day of testing (F(1,34)=0.05, p=0.81) in both
male and female rats.

Fig. 2 shows LA preference scores for 11, 5.5, 2.75 and
1.375 μMLA. Neither the main effect of Sex nor the main effect
of Concentration was statistically significant for the general-
ization of the CTA; however, there was a significant effect of
Drug (F(1,34)=32.75, p <0.001) as well as a significant
interaction between Drug and Concentration (F(3,102)=9.01,
p<0.001). Post hoc analyses of the Drug×Concentration
interaction revealed that, independent of Sex, preference scores
for 11, 5.5 and 2.75 μM LA by LiCl-treated rats were less than
those by NaCl-treated rats (all p's<0.05). However, the
preference for 1.375 μM LA did not differ between drug
groups (p=0.69).

Unpublished observations by Smith et al. [18] found that
male rats can distinguish between LA and water at low (10 μM)
concentrations and our preliminary studies [19] suggested that
female rats are able to distinguish lower LA concentrations than
do male rats. Accordingly, we made specific planned compar-
isons of the preference for 2.75 and 1.375 μM LA by NaCl- and
LiCl-treated male and NaCl- and LiCl-treated female rats (Fig.
2), adjusted using Bonferroni corrections. These comparisons
revealed that the preference for 2.75 μM LA by LiCl-treated
Fig. 3. CTX conditioned taste aversion testing: preference scores for 88 μM LA
on the first day of testing (D3) and the final day of testing (D8) by male (white
bars) and female (gray bars) NaCl-treated (solid bars) and LiCl-treated (hatched
bars) CTX rats. ⁎⁎⁎p<0.001.



Fig. 4. CTX generalization testing: preference scores for LA (44, 22, 11, 5.5 μM)
by male (white bars) and female (gray bars) NaCl-treated (solid bars) and LiCl-
treated (hatched bars) CTX rats. ⁎⁎⁎p<0.001.

Fig. 6. OVX and male lickometer testing: mean licking responses in 10-s trials
by OVX (filled symbols) and male (open symbols) rats, to water, 5 mM EtOH,
0.0375 M sucrose, and LA (11, 22 44 and 88 μM) mixed in 0.0375 M sucrose.
⁎⁎p<0.01; ⁎⁎⁎p<0.001.
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female rats was significantly less than the preference by NaCl-
treated female rats (p<0.01). In contrast, the preference for
2.75 μM LA by LiCl-treated male rats was not different from
the preference by NaCl-treated male rats (p=2.41). However, at
1.375 μM LA, the preference for LAwas not different between
LiCl-treated and NaCl-treated rats for either sex (p=2.44 and
p=3.81, respectively; Bonferroni corrections).

3.2. Experiment 2: effect of CTX on LA discrimination

Fig. 3 shows preference scores for 88 μM LA at the
beginning and end of testing for all CTX groups. There was a
significant effect of Drug (F(1,35)=136.1, p<0.001), but no
effects of Sex or Time. Moreover, there were significant
interactions between Sex and Time (F(1,35)=4.80, p<0.05) as
well as between Drug and Time (F(1,35)=4.15, p<0.05). Post
hoc analysis of the Sex×Time interaction revealed that,
independent of drug, male rats, but not female rats, had a
significantly greater LA preference at the end of testing vs. the
beginning of testing (p<0.05). Analysis of the Drug×Time
interaction showed that, independent of sex, LA preference
scores by NaCl-treated rats were greater at the end of testing
compared to those at the beginning of testing (p<0.05). In
contrast, LA preference scores by LiCl-treated rats remained
low from the beginning to the end of testing (p=0.62).
Fig. 5. OVX lickometer testing: mean licking responses in 10-s trials by OVX
rats treated with EB (filled symbols) or OIL (open symbols) to water, 5 mM
EtOH, 0.0375 M sucrose, and LA (11, 22 44 and 88 μM) mixed in 0.0375 M
sucrose.
Fig. 4 shows preference scores for 44, 22, 11 and 5.5 μM LA
by male and female NaCl- and LiCl-treated CTX rats. Statistical
analyses showed no effect of Sex or Drug, but a significant main
effect of Concentration (F(3,105)=3.60, p<0.05) and a
significant interaction between Drug and Concentration (F
(3,105)=9.17, p<0.001). Post hoc analyses of the Drug×Con-
centration interaction revealed that, independent of Sex, LA
preference scores were less by LiCl-treated rats compared to
those of NaCl-treated rats at 44 μM LA (p<0.001), but not at
22, 11 or 5.5 μM LA (p=0.64, 0.93 and 0.34, respectively).

3.3. Experiment 3: lickometer testing

Fig. 5 shows the mean number of licks during 10-s access to
test solutions by OVX rats injected with EB or OIL. OVX rats
increased their licking to increasing LA concentrations,
regardless of treatment. Similar to OVX rats, licking responses
by male rats (data not shown) were not affect by treatment (i.e.
EB/OIL; OIL/CONTROL). A four-way ANOVA revealed no
effect of treatment and no interaction between treatment and
any other factor. Accordingly, Fig. 6 shows the data from male
and OVX rats partitioned by sex. There was a significant
interaction between Sex, SUC, and LA (F(4,72)=2.95,
p<0.05). Post hoc analyses showed that all rats licked at
comparably high rates to 0.2 M SUC and to all LA solutions
mixed in 0.2 M SUC, regardless of sex or LA concentration
(see Table 1; all p>0.42). Moreover, both OVX and male rats
licked at lower rates to 0.0375 M SUC (40±5 and 35±7 licks/
10 s, respectively). However, compared to licking to 0.0375 M
SUC alone, OVX rats licked at significantly greater rates with
increasing LA concentration beginning with 22 μM LA and at
each LA concentration thereafter (all p<0.001). In contrast,
although male rats also increased their licking to LA+0.0375 M
SUC, the increase was significant only at 44 and 88 μM
Table 1
Licking responses in 10-s trials by OVX and male rats to test solutions mixed in
0.2 M sucrose

0.2 M sucrose 11 μM LA 22 μM LA 44 μM LA 88 μM LA

OVX 68.67±0.96 70.82±1.24 69.47±1.28 69.75±1.29 68.40±1.30
Male 62.71±1.70 66.47±1.79 65.09±1.73 65.17±1.84 64.81±2.34

Data are means±standard error, expressed as number of licks/10 s.
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(p<0.001). In fact, OVX rats licked significantly more to both
22 μM (p<0.001) and 44 μM (p<0.01) LA+0.0375 M SUC
when compared to licking by male rats.

3.3.1. Body weight of OVX rats
During testing, the body weight of OVX rats decreased an

average of 15.4±2.3 g after EB treatment but increased an
average of 7.8±1.4 g after OIL treatment (p<0.001).

4. Discussion

Most investigations of fat preferences have focused on the
consumption of fats, such as oils, and the related post-ingestive
consequences [20,21], rather than on the taste properties of fat.
This oversight is especially surprising because taste has a potent
influence on food intake and preference. In this regard, results
from several in vitro and behavioral studies are highly
suggestive that fats and free fatty acids have taste properties
[4,5,22]. The present study sought to further examine the taste
of free fatty acids in a series of related experiments designed to
examine the taste threshold for LA, an essential free fatty acid,
and to assess the role of a peripheral gustatory nerve in LA taste
discrimination by male and female rats.

Our results provide further support for a taste component of
free fatty acids by demonstrating that the taste threshold for LA
requires input from the gustatory chorda tympani nerve (Fig. 2
vs. Fig. 4). Furthermore, there are subtle sex differences in the
LA taste thresholds (Fig. 2) that may be related to differences in
licking responses (Fig. 6). It is unlikely that the effects seen are
attributable solely to either smell or texture for several reasons.
First, Smith [23] showed that rats can distinguish between LA
and water at low (10 μM) concentrations even with ablation of
the olfactory bulb, suggesting that the olfactory component of
LA is small at best. Second, although fat has an oily texture, our
experiments used the free fatty acid LA, which has a low
viscosity (only about 1.5% greater than that of water; [22]).
Lastly, and most importantly, the observation that transection of
the CT, a gustatory nerve, impairs LA detection suggests that
fatty acids have a taste component.

4.1. Experiment 1: LA discrimination thresholds

We first assessed the discrimination threshold for LA by
male and female rats in 10 min 2-bottle tests, designed to
minimized the post-ingestive consequence of LA intake. Both
male and female rats developed a CTA to 88 μM LA (Fig. 1)
and generalized this aversion to lower (44 μM–5.5 μM)
concentrations of LA (Fig. 2; 44, 22 μM data not shown).
However, LiCl-treated female rats generalized the CTA to a
lower concentration of LA than did LiCl-treated male rats
(2.75 μM LA vs. 11 μM LA), suggesting that female rats can
discriminate a lower concentration of LA from water than can
male rats.

Due to the lipophilic nature of LA, all LA test solutions were
mixed in a low (5 mM) EtOH concentration, which allows LA
to go more readily into solution. However, it is doubtful that the
addition of EtOH could explain our results, as an aversion
conditioned to LA mixed with 5 mM EtOH does not generalize
to EtOH alone [22]. Moreover, in our conditioned taste aversion
studies, the concentration of EtOH was held constant while LA
concentration was varied. Our results show conclusively that
rats failed to generalize the CTA to LA at lower concentrations,
suggesting that the EtOH used in our test solutions does not
provide an olfactory cue that affects detection thresholds.

These results support recent findings by McCormak et al.
[22] who reported that male rats form a CTA to LA solutions.
Differences in methodology may account for the differences in
discrimination thresholds; nevertheless, these results together
provide strong evidence for taste-mediated detection of LA.
Although it is apparent that male and female rats have different
discrimination thresholds, it should be noted that the protocol
used (2-bottle tests) indicates an approximate threshold for LA
discrimination rather than the absolute threshold. It is possible
that employing methods such as the conditioned shock
avoidance procedure used by St. John and Spector [24] may
provide a more accurate determination of LA detection
thresholds.

4.2. Experiment 2: effect of CTX on LA discrimination

Despite strong behavioral and electrophysiological evidence
suggesting that fatty acids have a taste, little is known about the
role of specific gustatory nerves. Therefore, we examined the
role of the CT in LA discrimination as an initial examination of
the peripheral neural mechanisms. NaCl-treated male and
female CTX rats had a moderate preference for 88 and 44 μM
LA (Figs. 3 and 4, respectively) that was more variable,
especially in the NaCl-treated male CTX rats, as compared to
the CT-intact rats (Figs. 1 and 2). LiCl-treated male and female
CTX rats showed a CTA to 88 μM LA and generalized this
aversion to 44 μM LA. However, CTX impaired the ability of
both male and female rats to detect and subsequently avoid LA
concentrations ≤22 μM in generalization tests. Interestingly,
CTX shifted the discrimination threshold for LA to the same
concentration (22 μM) in male and female rats, an observation
that is in contrast to the lower discrimination threshold for LA in
CT-intact female rats than in CT-intact male rats (Fig. 2). Thus,
the CT is involved in LA discrimination in both male and
female rats, but may play a greater role for female rats which
may account for the lower LA discrimination threshold by
female rats.

The effects seen after transection of the gustatory CT provide
further support that fatty acids have a taste. Although CTX
decreases saliva production through denervation of the
submaxillary and sublingual glands which could result in
decreased lipolysis, lingual lipase released from the von Ebner's
gland is unaffected by CTX [24]. More importantly, our
experiments used a free fatty acid, LA, thereby circumventing
the need for lipase activity. Thus, the effects seen after CTX are
unlikely to be attributable to elimination of nongustatory fibers
within the CT. In addition, it is unlikely that CTX has non-
specific effects on ingestion that influence the results, as we
found that rats with CTX have stable body weights within a few
days after surgery and other researchers have reported that CTX
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has no effect on food or water consumption [18]. Moreover, our
unpublished data show that sham CTX rats have similar licking
responses to LA as do CT-intact animals, suggesting that the
effects observed in our current studies are not attributable to the
effects of surgery (i.e. anesthesia and removal of the tympani
membrane). Finally, CTX rats develop a CTA to sucrose and
quinine [24,25], providing further evidence that the effects of
CTX on LA detection are attributable to the impairment of CT
gustatory sensory information.

CTX did not affect the CTA to 88 μM LA or the
generalization of the CTA to 44 μM LA by either sex,
suggesting that other gustatory nerves also are involved.
Alternatively, CTX rats may use other sensory cues, such as
olfaction or texture, to detect more concentrated LA solutions.
In any event, these results show that CTX impairs the ability of
both male and female rats to discriminate LA from water.
Moreover, CTX shifts the discrimination threshold to the same
concentration in male and female rats, suggesting that CT input
is more important for LA discrimination in female than male
rats.

4.3. Experiment 3: lickometer testing

Because previous research has shown that women have a
greater preference for ‘sweet-fat’ foods than do men [9,10], we
examined licking responses to LAmixed in sucrose by male and
OVX rats and the role of estrogen in these responses. In 10-s
tests, both OVX and male rats licked maximally to all LA
concentrations mixed in 0.2 M SUC (Table 1) and licked at a
comparatively lower rate to 0.0375 M SUC. OVX and male rats
increased licking to increasing concentrations of LA mixed in
0.0375 M SUC; however, regardless of treatment, OVX rats
significantly increased licking at a lower concentration of LA
(22 μM) than did male rats (44 μM). At 22 μM LA, OVX rats
licked ∼50 licks/10 s—a 42% increase over the licking rate by
male rats at that concentration and a 24% increase from the SUC
baseline licking by OVX rats. At 44 μM LA, OVX rats licked
∼62 licks/10 s, which is 28% greater than the licking rate by
male rats and a 54% increase from SUC baseline. Thus, though
the differences observed are subtle, they are noteworthy,
especially given the maximum rate at which rats can lick
(∼70 licks/10 s).

Sex differences have been reported in sucrose preferences
[26,27] and our recent studies [14,28] showed that EB reduces
0.025 M sucrose detection. However, it is unlikely that the sex
differences observed in this study are specific to the sucrose
component of the LA–sucrose mixture. We used 0.0375 M
sucrose in the present study to ensure that the concentration of
sucrose used would be detectable by all groups. In fact,
throughout the testing and regardless of treatment, OVX rats
maintained constant rates of licking to 0.0375 M sucrose that
were comparable to those by male rats. Finally, it is clear from
the concentration-dependent increase in licking to LA mixed in
0.0375 M sucrose that both male and OVX rats were able to
distinguish between the LA and sucrose components in the taste
mixture, as has been reported for other mixed taste stimuli
[16,29], including oil–sucrose mixtures [23]. Thus, there are
subtle sex differences in behavioral taste responses to sucrose–
LA mixtures.

Interestingly, the acute effects of estrogen appear to play no
role in taste responses to LA. This observation is surprising
because acute estrogen treatment affects taste responses to
sucrose [14]. What, then, could account for the sex differences
observed? The body weight loss in OVX rats after EB treatment
is typical of cyclic EB treatment [26] and confirms the
effectiveness of treatment. It is possible that exposure to EB
early in development may contribute to fundamental differences
in the taste system that are responsible for the subtle sex
differences in fat taste responses. Alternatively, other gonadal
hormones may play a role in these sex differences. At present,
there is no evidence that progesterone, either alone or in
combination with EB, affects taste responses, but testosterone
has been implicated in sex differences in salt preferences [30].
Additional studies will be necessary to address these issues.

5. Conclusions

These experiments were designed to provide further
evidence for and insight into fat taste. By using both male
and female rats, our experiments provided a more comprehen-
sive examination of fat taste and revealed subtle differences in
how male and female rats respond to the taste of LA. These
results show that LA has a taste component and that the CT is
involved in LA discrimination. Moreover, female rats have a
lower taste threshold for LA than do male rats and the CT may
be more important in LA discrimination in female rats, as CTX
shifted the discrimination threshold to approximately the same
level in male and female rats. In fact, the greater role of CT
input for LA discrimination in female rats may account for their
ability to discriminate a lower LA concentration from water.
Finally, OVX rats increase their licking to a lower concentra-
tion of LA mixed in a dilute sucrose concentration than do male
rats, but acute estrogen treatment plays no role in these
differences. Collectively, these experiments show that free fatty
acids have a taste component and that the CT is involved in
fatty acid discrimination. Furthermore, sex differences in fat
preferences may depend on differences in fatty acid discrimina-
tion thresholds as well as on the taste stimuli with which fat is
combined.

6. Perspectives

Many evolutionary adaptations promote reproductive suc-
cess, in part, by optimizing survival of the offspring. For
example, enhanced sensitivity to environmental stimuli during
pregnancy may improve the ability to detect resources
necessary to support a viable pregnancy. In this regard, energy
dense foods rich in fat are essential to good maternal health
during pregnancy [31–34]. Thus, the detection of fat may have
intrinsic survival value and, in fact, dietary fat preferences
increase during pregnancy. However, it is disadvantageous
from an evolutionary point-of-view for males and females to
have markedly different capabilities to detect a resource so
essential for survival. The subtle differences we found suggest
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that both males and females can detect fats, but that females
may be slightly more sensitive to the taste of fat. This enhanced
sensitivity may, in turn, help promote offspring viability.

Reproductive hormones exert a powerful influence on food
preferences. The preference for the taste of sucrose is greatest
during ovulation in humans [35,36], when levels of reproduc-
tive hormones, including estrogen are elevated. Importantly, the
ability to detect sucrose is also greatest during ovulation [36],
suggesting that estrogen influences taste preferences by
modulating taste detection thresholds. Fat preferences by
women also fluctuate across the menstrual cycle [37,38] in
tandem with changes in circulating levels of estrogen and other
reproductive hormones. Thus, it is surprising that the acute
effects of estrogen do not affect behavioral licking responses to
‘sweet-fat’ mixtures by OVX rats. Clearly, there are sex
differences in free fatty acid preferences, but the mechanism
underlying these differences remains unknown.

Finally, the implications of these findings are far-reaching as
both the type and amount of foods consumed are influenced by
taste. Traditionally, fat has been thought of as an “enhancer” of
other tastes. Thus, sex differences in fatty acid taste perception
may influence the specific kinds of fat ingested. There are sex
differences in fat preferences in humans, with women having a
greater preference for ‘sweet fats’ (e.g. chocolate) than do men
[9,10]. Thus, the sex differences observed in our lickometer test
solutions, which used sweet-fat mixtures, may mirror results
seen in humans. Ultimately, sex differences in taste-driven
preferences for fat may result in increased fat intake, which may
lead to increased risk of obesity.
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