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Abstract 

 Palatability and its role in detecting fats has been mostly neglected in modern 

research.  This experiment uses conditioned taste aversion (CTA) to determine the role of 

the chorda tympani nerve in tasting oleic acid (OA) and linoleic acid (LA).  Forty-eight 

male Sprague-Dawley rats were divided into six experimental groups governed by having 

the chorda tympani nerve transected (CTX) or not (SHAM), conditioned to LA or OA, 

and injected with LiCl or NaCl during CTA.  On test day, all rats were presented with 44, 

88, and 176 µM of OA and LA and 88 and 176 µM of lauric acid (LC) in the Davis Rig.  

Results showed that rats conditioned to LA were able to detect LA and OA.  Transecting 

the chorda tympani nerve eliminates the detection of OA and significantly compromises 

the detection of LA.  All animals conditioned with OA were unable to detect any of the 

fatty acids.   
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Introduction 

Recent statistics from the National Center for Health Statistics have shown that 

30% of U.S. adults 20 years or older and 16% of kids and teenagers ages 6-19 are 

overweight (CDC, 2005). Being overweight or obese increases risk for many life-

threatening medical problems; including heart disease, stroke, some cancers, and many 

other diseases and health conditions.  The prevalence of obesity in the U.S. is caused 

mainly by inactive lifestyles and high-fat diets.  Researchers have shown that people 

prefer foods with a high fat content over similar fat free and nonfat foods (McCroy et al., 

2000) and have examined the factors that cause people to continually consume high-fat 

foods despite their awareness that the food is unhealthy.  Palatability and hedonic value 

have been implicated as key factors for the consumption of fatty foods over non-fat foods 

(Warwick, 2003). 

There is a reinforcement mechanism from the gut to the brain that codes a higher 

hedonic value for fatty foods and functions in providing a reward system for fat intake.  

Mechanoreceptors, chemoreceptors, and nocireceptors are located in the gut and release 

neuropeptide chemicals in response to fat (Konturek, 2004).  This post-ingestive response 

contributes to the delayed preference of fatty foods.  However, palatability has been 

suggested as a contributor to the immediate preference of fatty foods. Behavioral studies 

have shown that when given a choice between fatty foods and similar nonfat foods, 

people are quickly able to discriminate between the two and choose fatty foods 

(Drenowski et al, 1992).  Due to the role of palatability in the immediate consumption 

response, it is proposed that the taste system plays a role in the discrimination between 

foods with high fat content and low fat content.  Behavioral studies have shown that 
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subjects have the ability to discriminate between similar foods based solely on differing 

fat contents, and they prefer the foods with higher fat content (Monneuse, 1991).  The 

post-ingestive responses and the gustatory coding of fat are not mutually exclusive, but 

both are likely to contribute to the behavioral response of fat consumption.  Given that 

the taste system is used to guide taste responses to sweet, salty, bitter, and sour stimuli, it 

is proposed to play the same role for guiding responses to free fatty acids.   

The dietary fats in the food we consume daily consist of lipids, which are 

combinations of free fatty acids in the form of triglycerides.  There are various free fatty 

acids that exist.  In recent studies, rats have shown the ability to discriminate between 

corn oil and mineral oil, which have similar textures but differ in their free fatty acid 

makeup (Smith et al., 2000).  The rats’ preference for corn oil suggests that, in addition to 

discriminating between fats and nonfats, rats can discriminate between fatty foods with 

differing free fatty acid contents.   

Research by Gilbertson (1997) also provides evidence that the taste system in rats 

has the potential to transduce different free fatty acids.  In isolated taste receptor cell 

recordings from the rat fungiform papillae, linoleic acid caused depolarization of the cells 

but oleic acid did not cause a response.  In similar recordings from the circumvallate 

papillae, both linoleic acid and oleic acid produced responses in the taste receptor cells 

(Hansen, 2003).  These results show that free fatty acids have various effects on the taste 

buds.   

When food is consumed, enzymes in the saliva break down free fatty acids and 

are taken inside taste receptor cells by transporter proteins.  Interactions of the chemicals 

with taste cells produce a signal transmitted to the brain by the cranial nerves.  These 
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nerves include the two branches of the seventh nerve called the chorda tympani nerve and 

the greater superficial petrosal nerve and the ninth cranial nerve called the 

glossopharyngeal nerve.  The taste signals of these three nerves converge in the nucleus 

of the solitary tract and are transmitted to the primary taste cortex, the insular frontal, for 

perceptual processing. 

The three cranial nerves differ in their coding of specific tastants.  Gilbertson’s    

recordings showed cells that transduce signals for the chorda tympani nerves are 

responsive to linoleic acid, but cells that transduce signals for the glossopharyngeal nerve 

respond to linoleic acid and oleic acid.  This suggests different roles for the chorda 

tympani nerve and the glossopharyngeal nerve in detecting free fatty acids.  These 

implications are consistent with other research involving the chorda tympani and the 

glossopharyngeal.  For salts, the chorda tympani and the glossopharyngeal nerves also 

have different responses.  Transection of the chorda tympani affects the ability to 

discriminate salts but does not eliminate the ability.  However, transection of the 

glossopharyngeal affects the ability to detect salts and produce immediate acceptance or 

rejection responses. 

In a previous study by Pittman, the role of the chorda tympani in coding the taste 

of linoleic acid and oleic acid was investigated using conditioned taste aversion testing 

with the Davis Rig (Harris et al., 2005). A conditioned taste aversion to linoleic acid but 

not oleic acid was shown in rats with chorda tympani transections.  The researchers 

interpreted the absence of a conditioned taste aversion to oleic acid as a result of the 8-

second stimulus duration potentially not allowing enough time for the aversion to be 

demonstrated.  A follow-up study examined the ability to demonstrate a conditioned taste 
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aversion to linoleic acid and oleic acid with both 8 second and 30 second stimulus 

durations.  Aversions were shown in both the 8 second and 30 second duration tests when 

the conditioned stimulus was linoleic acid.  When the conditioned stimulus was oleic 

acid, significant avoidance was only shown for 30 second durations, and even then 

avoidance was minimal compared to the avoidance to linoleic acid.   

This study examines the role of the chorda tympani nerve in the ability of rats to 

form conditioned taste aversions to linoleic acid and oleic acid using a 30 second 

stimulus duration assay.  Rats were divided into groups that received chorda tympani 

transections (CTX) and or sham surgeries (SHAM). The CTX and SHAM groups were 

further subdivided into rats that received a conditioned taste aversion (CTA) to either 

oleic acid or linoleic acid.  After CTA, lick responses were measured to 44, 88, and 176 

µM concentrations of linoleic acid and oleic acid and 88 and 176 µM concentrations of 

lauric acid in the Davis Rig.  

Methods 

Subjects 

 Forty-eight male (Sprague Dawley) rats, at least sixty days old, were housed 

individually in a room lighted on a 12-hour cycle.  There was a total of eight groups 

(n=6).  There were four phases which included both CTX and SHAM subgroups.  The 

eight conditions were: OA to NaCl CTX n=6, OA to NaCl Sham n=6, OA to LiCl CTX 

n=6, OA to LiCl Sham n=6, LA to NaCl CTX n=6, LA to NaCl Sham n=6, La to LiCl 

CTX n=6, and LA to LiCl Sham n=6.   Rats were given free food throughout the 

experiment.  All procedures were approved by the Animal Care and Use Committee at 

Wofford College. 
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Chemical Stimuli 

All chemical solutions were mixed daily so that they were fresh.  The water used 

for all procedures was distilled deionized water.  The conditioned stimulus was either 88 

µM linoleic or oleic acid.  The unconditioned stimulus injections were 150 mM NaCl or 

LiCl at 13.33 ml/kg dosage.  Test stimuli included 44 µM, 88 µM, and 176 µM of sodium 

linoleate and sodium oleate as well as 88 µM and 176 µM of lauric acid.  

Behavioral Testing 

 Rats were given a water restriction schedule three days prior to the beginning of 

the training sessions, which involved 1-hour access to water each day.  Once the rats 

were water restricted, training in the Davis Rig began.  The experimental testing was 

completed using the MS-160 Davis Rig.  The Davis Rig is a device containing 16 bottles 

of different concentrations and has a shutter that allows the rat access to the 

concentrations through a licking tube. The computer controls the rotation of the bottles, 

the stimulus intervals, and the recording of data. Training day 1 involved 12 trials of 

water with a stimulus presentation of 45 seconds and an interstimulus interval of 10 

seconds. There was a wait time of 120 seconds, meaning that if the rat did not respond to 

the stimulus within 120 seconds, then the next bottle would be presented.  Training days 

2 and 3 consisted of 24 and 32 trials (respectively) of water which was presented for 30 

seconds with a 10 second interstimulus interval and a wait time of 60 and 30 seconds 

respectively. Surgery was performed on day 5 for all phases. Following surgery, we 

allowed a three-day recovery period.  After the three day recovery, training days 4 and 5 

were completed with 33 trials of 30 second presentations and a 10 second interstimulus 

interval of 13 bottles of water and 3 bottles of a sucrose-water mixture in order to 
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encourage the rats to lick on every trial.  The wait time for these two training days was 30 

seconds.  On day 10, a conditioned taste aversion was administered. Two phases were 

given linoleic acid (LA) and two phases were given oleic acid (OA) as the conditioned 

stimulus for 10 minutes.  Within each phase, half of the CTX rats and half of the Sham 

rats, were given intraperitoneal injections of 150 mM of LiCl or NaCl at a dosage of 

13.33 ml/kg of body weight. Testing day was completed on day 11. Testing day involved 

11 randomized presentations of 30 seconds which were completed in 3 blocks, resulting 

in a total of 33 trials.  The wait time for test day was 45 seconds.  The test stimuli 

consisted of water; 44, 88, & 176 µM LA; 44, 88, & 176 µM OA; and 88 & 176 µM 

Lauric Acid.   

Surgical Procedure 

 Intraperitoneal pentobarbital administration (50 mg/Kg) was used as aesthesia for 

rats.  Supplemental injections were given as needed in order to maintain a deep 

anesthetized state.  Sham rats only received intraperitoneal pentobarbital injections (50 

mg/Kg) with no surgery performed.  For the CTX group, hair was removed from around 

the ears and a bite bar and retractors were used in order to expose the ear canal so that the 

tympanic membrane was exposed.  After severing the tympanic membrane, the chorda 

tympani nerve was severed.  This procedure was repeated in the other ear in order to 

create a bilateral cut which transects all chorda tympanic activity.  After the testing day 

was completed, the CTX rats were euthanized by sodium pentobarbital overdose.   The 

tongues of the euthanized CTX rats were extracted in order to perform histology. As a 

result of the chorda tympani nerve removal, taste bud atrophy causes a reduction of the 

presence of taste pores in the fungiform papillae.  Therefore, the histology was performed 
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to count the fungiform papillae in order to determine if a bilateral cut on the chorda 

tympani nerve.  The histology was conducted by removing the tongues from the 

euthanized CTX rats.  The tongues were than severed down the center and the muscle 

was extracted from both sides of the tongue.  The tongues were then placed on slides to 

be observed under microscopes.  The experimenters looked under the microscopes to see 

if fungiform papillae were present on the tongues.   

Data Analysis 

 The data from the Davis Rig was converted into lick ratios (licks per 

stimulus/average licks per session).  The lick ratio was converted in order to compare the 

number of licks of the stimuli to the number of licks to the H2O.  Using lick ratio, the 

experimenters could more accurately compare the different chemicals with one another.  

The results from the experiment were analyzed by using SPSS.  A univariant ANOVA 

test determined the significant main effects and interactions.  A post hoc test followed in 

order to determine the source of any statistically significant effects (p<0.05).   

Results 

 There were four independent variables, surgical condition (SHAM or CTX), UCS 

(LiCl or NaCl), tested stimuli (LA, OA, and LC), and concentration of tested stimuli (44, 

88, and 176 µM).  A between-subjects univariate ANOVA showed significant main 

effects of surgical condition (F1, 160 = 10.381; p<0.01), UCS (F1, 160 = 14.77, p<0.01), and 

tested stimuli (F1, 160 = 20.230; p<0.01) for the lick ratios of animals receiving 88 µM LA 

as the conditioned stimulus.  Furthermore, when the conditioned stimulus was LA there 

were significant interactions between surgical condition and UCS (F1, 160 = 4.673; 

p<0.05), UCS and tested stimulus (F1, 160 = 25.620; p<0.01), and UCS and concentration 
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of tested stimulus (F1, 160 = 4.418; p<0.05).  A between subjects univariate ANOVA 

showed no significant main effects for any of the independent variables when the 

conditioned stimulus was 88 µM OA.    

Avoidance of Linoleic Acid  

Based on the main effects of UCS and the interaction between UCS and surgical 

condition, least significant difference (LSD) post-hoc tests compared the lick ratios 

between the injection groups within each surgical condition to identify the source of 

significance. When both of the NaCl and LiCl SHAM groups, given linoleic acid are 

compared, a significant interaction is seen between all of the concentrations of 44 uM 

(p<0.01), 88 um (p<0.01), and 176 µM (p<0.01).  This is an interaction between the UCS 

and tested stimulus (linoleic acid).  The data are shown in Figure 1. 
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Figure 1: Interaction of SHAM linoleic conditioned rats between UCS and stimulus.  The * 

indicates a significant difference between the LiCl and NaCl SHAM group concentrations.  Figure 

1 is Figure 3 redrawn to show comparison between SHAM groups. 

Based on the main effects of UCS and the interaction between UCS and surgical 

condition, least significant difference (LSD) post-hoc tests compared the lick ratios 

between the injection groups within each surgical condition to identify the source of 

significance.  When both of the NaCl and LiCl CTX groups given linoleic acid are 

compared, a significant interaction is seen at the concentrations of 88 µM (p<0.05), and 

176 µM (p<0.01).  The interaction shown is also between the UCS and linoleic acid rats.  

The data is shown in Figure 2. 
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Figure 2: Interaction of CTX linoleic conditioned rats between UCS and stimulus.  The * indicates 

a significant difference between the LiCl and NaCl CTX group concentrations.  Figure 2 has been 

redrawn from Figure 3 to show comparison between CTX groups. 
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Based on the main effects of surgical condition and the interaction between UCS 

and surgical condition, least significant difference (LSD) post-hoc tests compared the lick 

ratios between the surgical groups within each condition to identify the source of 

significance.  The interaction signifies that rat’s that had surgery were significantly 

different depending on whether they were injected with NaCl or LiCl at 88 and 176 µM 

concentrations.  SHAM groups injected with LiCl showed an aversion that was 

significantly different from the SHAM rats injected with NaCl at 88 µM (p<0.01) and 

176 (p<0.01).  CTX groups injected with LiCl showed an aversion that was significantly 

different from the CTX rats injected with NaCl at 88 µM (p<0.05) and 176 (p<0.01).   

The data is shown in Figure 3.   
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Figure 3: Interaction in linoleic acid conditioned rats between surgery and UCS.  The * indicates a 

significant difference between the LiCl CTX group and both of the NaCl groups.  The § indicates a 

significant difference between the LiCl SHAM group and both of the NaCl groups. 
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Generalization from OA to LA 

Based on the main effects of tested stimuli and the interaction between UCS and 

tested stimuli, least significant difference (LSD) post-hoc tests compared the lick ratios 

between the tested stimuli and UCS groups within each condition to identify the source of 

significance.  The interaction signifies that rat’s that were conditioned to LA showed a 

significant taste aversion when tested to OA.  Rats conditioned to linoleic acid were able, 

to some extent, to generalize their conditioned taste aversion to oleic acid.  With the NaCl 

rat group there was only an aversion at 88 µM (p<0.01).  The LiCl rat group exhibited an 

aversion at both the 88 µM (p<0.05), and 176 µM (p<0.05).  This data is seen in Figure 4. 
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Figure 4: Generalization of rats to OA when conditioned to LA.  The * indicates a significant 

difference between the NaCl CTX and LiCl CTX injection groups.  The § indicates a significant 

difference between the NaCl SHAM and LiCl SHAM injection groups.  
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Significant main effects of USC on lick ratio are shown because of the action of 

the UCS.  This shows that there is an overall different licking ratio between the rats that 

received linoleic acid with NaCl and linoleic acid with LiCl injections.  Transecting the 

chorda tympani nerve also showed a significant main effect.  When different stimuli were 

presented to the rats a significant effect was shown again. 

Response to Oleic Acid 

The rats conditioned to OA exhibited no overall significant difference in any 

variables used.  This data is seen in Figure 5.  
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Figure 5: Response to Oleic Acid on rats conditioned to OA (A) and rats conditioned to LA (B).  

Response to Lauric Acid 

Lauric acid was used in this study as a control because known pervious research 

has shown that rats are able to detect lauric acid.  Our results agreed with past research, 

which can be seen in Figure 6. 
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Figure 6:  Effect of Lauric Acid on Linoleic Acid (A) and Oleic Acid (B).   

No significant difference was seen between these to relationships.  Lauric acid 

could not be detected at any of the concentrations of the CS.  These results support past 

research that enables lauric acid to be used as a control.  

Among the four independent variables, surgical condition (SHAM or CTX), UCS 

(LiCl or NaCl), tested stimuli (LA, OA, and LC), and concentration of tested stimuli (44, 

88, and 176 µM) significant main effects and interactions were shown.  The between-

subjects univariate ANOVA enabled researchers to determine these significant main 

effects of surgical condition, UCS, and tested stimuli.  When the conditioned stimulus 

was LA, there were significant interactions between surgical condition and UCS, UCS 

and tested stimulus, and UCS and concentration of tested stimulus.  A between subjects 

univariate ANOVA showed no significant main effects for any of the independent 

variables when the conditioned stimulus was 88 µM OA    

 

Discussion 

 A previous conditioned taste aversion study was conducted by Pittman et al.  

Using the Davis Rig, 8 and 30 second presentation intervals were used for testing the 

effects of chorda tympani transection on response to linoleic acid and oleic acid.   The 8-
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second intervals were found to be too short to produce significant results because 8 

seconds proved to be an inadequate time period for the rats to respond.  As a result, we 

chose to duplicate the previous study and instead present our stimuli at 30-second 

intervals.  We believe that due to injections of LiCl, the rats would develop a taste 

aversion to the free fatty acids presented on test day.  The transecting of the chorda 

tympani nerve was performed in order to eliminate the taste buds in the fungiform 

papilla.  By eliminating the taste buds innervated by the chorda tympani, we were able to 

determine whether the chorda tympani is involved in detection of linoleic acid and oleic 

acid.  We hypothesized that both linoleic acid and oleic acid would show a significant 

taste aversion in the SHAM rat groups in comparison to the CTX rat groups.  We also 

hypothesized that the rats will be able to generalize a taste aversion to linoleic acid and 

oleic acid but not lauric acid. 

 Our results support the decreased aversion to linoleic acid but not to oleic acid 

after CTX.  Our results also showed that the rats were able to generalize from linoleic and 

oleic acid.  When conditioned to oleic acid, the rats failed to produce any aversion to 

either linoleic or oleic acid in the SHAM and CTX groups.  Both CTX and SHAM 

groups, given injections of LiCl, showed a greater conditioned taste response than those 

injected with NaCl.   As hypothesized, the SHAM rats injected with LiCl had the lowest 

lick ratio (Figure 3). 

 The chorda tympani nerve, glossopharyngeal nerve, and greater superficial 

petrosal nerve are all involved in the coding of tastants.  This experiment focused on the 

specific contribution of the chorda tympani nerve in the coding of free fatty acids.  

Results suggest that the chorda tympani play a significant role in the ability of the rats to 
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detect linoleic acid.  Our data supports previous findings that show the chorda tympani 

nerve to be critical to the immediate response to free fatty acids.  The gustatory nerves 

work in collaboration with post-ingestive gut responses, which provide a delayed 

reinforcement response to free fatty acids.   

 The chorda tympani nerve does not appear to directly code for taste of oleic acid, 

but is able to determine a generalization between linoleic and oleic acid.  Contrary to our 

hypothesis, there is no significant difference between rats injected with LiCl or NaCl 

when conditioned to oleic acid (Figure 5).  Neither stimuli, linoleic nor oleic acid, were 

avoided by SHAM or CTX groups on test day.  A possible theory to explain this data the 

conditioned taste aversion of 88 um was not a high enough concentration for the rats to 

later avoid the free fatty acid.  A previous one-hour two-bottle preference test showed a 

conditioned taste aversion to an 88 um concentration of oleic acid.  These inconsistencies 

could have been a result of post-ingestive responses to oleic acid that were able to occur 

because of the longer presentation of the stimulus. 

 In conclusion, the chorda tympani nerve plays a crucial role in the production of 

immediate responses to linoleic acid at concentrations of 88 uM and higher.  These 

responses can also produce generalized responses to oleic acid.  The chorda tympani does 

not seem to play a significant role in the immediate responses to oleic acid at the same 

concentrations.  This is most likely a result of oleic acid being a weaker free fatty acid.  

Our experiment could be improved by shortening the presentation time of the stimuli to 

present the rats with more stimuli before satiation.  The stimuli could also be presented at 

higher concentrations to ensure a taste aversion to oleic acid.  Also, the rats should 
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experience multiple conditioned taste aversions in order to ensure a total aversion to the 

CS.            
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