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Abstract 

The present experiment examined the ability to form a conditioned taste aversion 
(CTA) to 88µM linoleic and oleic free fatty acids in either salt or ethanol form in 32 male 
Sprague-Dawley rats.  Four solutions were used:  Oleic Acid in salt and ethanol forms, 
and Linoleic Acid in salt and ethanol forms.  The rats were water deprived beginning 4 
days prior to testing.  The rats were separated into two groups, an experimental and a 
control group.  The experimental group was conditioned to all four solutions using 
injections of LiCl, which caused gastric distress, and the control group was unconditioned 
and received injections of NaCl.  Two-bottle preference tests were used to determine the 
rats’ ability to detect the four solutions and discriminate between each of them.            

These results showed that rats could detect linoleic and oleic acid based on 
gustatory cues.  Furthermore, rats cannot discriminate between linoleic and oleic acid 
using gustatory cues.  Therefore, these findings suggest that the rats’ gustatory system 
has a transduction mechanism for free fatty acids, which does not allow for 
differentiation between linoleic and oleic acid.      
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1. Introduction 
 

The increasing obesity rates in human society have prompted research in the field 
of fat.  In the past two decades a few of studies have investigated the factors underlying 
the human attraction to fat.  Researchers have used animal models such as rats, to study 
the orosensory and post-ingestive effects of the intake of fat.  However there is very little 
information concerning the actual components of fat and their effects on the gustatory 
system.  It is assumed that if experimenters can distinguish why rats are attracted towards 
foods high fat, they could suggest that there is a taste cue that contributes to fat intake and 
obesity.  

Whole dietary fats include oils, such as corn oil, vegetable oil, and triglycerides.  
Studies have proven that these fats increase intake in rat studies (Takeda et al., 2000), 
prompting further research of their specific components, in particular, free fatty acids.  
Free fatty acids are the basic chemical components of fat and represent chemicals that 
could potentially activate the gustatory system. Linoleic, linolenic and oleic acid are the 
three principle free fatty acids in corn oil (Gilbertson et al., 1997).  Together, they make 
up eighty four percent of the composition of corn oil.   

The taste system has evolved mechanisms that enable the recognition of many 
different nutrients and toxic chemicals.  Taste reception begins when chemical stimuli 
react with receptors in papillae of the tongue. The papillae contain taste buds, which 
contain up to fifty taste receptor cells. Transduction occurs when sapid molecules interact 
with the taste receptor cells to produce depolarization. The four basic taste categories: 
salt, sour, bitter, sweet, and most recently introduced, umami, have different types of 
transduction mechanisms. Metabotropic bitter and sweet receptors activate G-proteins, 
which through a chemical cascade, increase the amount of calcium in the taste receptor 
cell stimulating neurotransmitter release. The transduction of sodium chloride (salt) and 
acids (sour) begins when sodium ions and hydrogen protons interact with ionatropic 
channels.  Sodium chloride and acids may directly permeate ion channels causing 
depolarization and thus release neurotransmitters.  However, other sour acids cause 
depolarization as well (Gilbertson, 2003). There is also recent evidence that free fatty 
acids inhibit delayed-rectifying potassium (DRK) channels.  It was found that free fatty 
acids produced from lingual lipase after ingestion of fat, directly affect taste receptor 
cells. This study was the first evidence that there was a gustatory cue for rats produced by 
fat (Gilbertson et al., 1997). 

Based on Gilbertson’s findings, studies have produced evidence that support his 
proposed transduction mechanism.  A study employing conditioned taste aversions 
revealed that rats could detect linoleic acid (McCormack et al., 2003). A conditioned taste 
aversion (CTA) is a common technique used to measure malaise of a particular agent 
assuming that when a new substance is paired with an aversive substance; animals should 
avoid it in the future.  This study identified the detection threshold of linoleic acid in rats 
to be ≥66µM.  When a concentration of ≥88µM of linoleic acid was paired with a LiCl 
injection, the rats exhibited future avoidance of the acid.  However, the rats did not show 
a conditioned taste aversion to 44µM of linoleic acid.  Furthermore, the transection of the 
chorda tympani nerve eliminated the ability to form a conditioned taste aversion to 
linoleic acid.  These results indicated that rats can detect the presence of linoleic acid at 
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low concentrations and that the chorda tympani nerve is likely responsible for 
transmitting neural information in conditioned taste aversion tests.  

A few studies have been conducted to test whether the pairing of a free fatty acid 
with another substance would increase its taste.  Linoleic acid modifies the licking 
responses of rats to sweet, sour and salt tastants (Herzog et al., 2003).  In this study, 
linoleic acid was added to different concentrations of sucrose, NaCl, citric acid and 
QHCl.  Licking responses increased when linoleic acid was added to sucrose and citric 
acid solutions.  It was also observed that the sucrose and NaCl solutions were perceived 
as more intense with the addition of linoleic acid.  The results from this experiment prove 
that linoleic acid causes inhibition of basolateral K+ channels, thus delaying the 
depolarization of taste receptor cells in response to taste stimuli. 

Some studies provide behavioral evidence that free fatty acids activate the 
gustatory system in rats.  Conditioned taste aversions and preference tests are the two 
primary methods effective in producing results.  Preference testing can determine the 
partiality of a substance across many different concentrations. The preference of rats 
towards fat can be determined by concentration and physical form.  One study proved 
that rats not only prefer long chain fatty acids to a vehicle, but they prefer them to their 
derivatives as well (Tsuruta et al., 1999).  Of the three long chain fatty acids (LCFA) 
used, rats preferred linoleic acid to oleic acid and linolenic acid to linoleic acid.  One 
possible conclusion for the rats’ selectivity of these fatty acids could be the number of 
unsaturated bonds involved.  The derivative may be combined to act more like a whole 
fat, therefore having a higher volatility and increasing sensitivity.  The preference of 
LCFA to LCFA derivatives reveals that both the carbon chain and the carboxylate group 
play a part in the recognition of these fatty acids. This evidence supports a potential 
receptor mechanism for fatty acids in the rat olfactory or gustatory systems. 

This experiment observes the effects of conditioned taste aversions using different 
forms of linoleic and oleic acids.  The purpose of the experiment was to determine if rats 
can detect oleic acid, to determine whether it mattered if linoleic acid and oleic acid were 
presented in a pure form or crystallized salt form, and to determine if rats treat these two 
free fatty acids differently.  It was tested whether rats could form conditioned taste 
aversions (CTAs) to 88µM of each of these four solutions: LA-ETOH, LA-Salt, OA-
ETOH, and OA-Salt.  The experiment showed that rats could indeed detect oleic acid and 
form CTAs to these four solutions.  In addition, it was proven that rats are able to 
generalize that CTA to another free fatty acid. 

 
 
2. Materials and Methods 
 
Subjects 
 
The subjects for this experiment were 32 male Sprague-Dawley rats.  All the rats were at 
least 60 days old.  The rats were individually housed and had free access to distilled 
water in two separate identical water bottles.  The rats had ad libitum access to food 
throughout the experiment.  Room lighting, temperature, and humidity in the rat storage 
room were automatically controlled.   
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Water Deprivation and CTA produced by LiCl 
 
The subjects were water deprived prior to each testing day.  The water deprivation began 
4 days prior to testing day, with a 3-hour exposure to water.  The following day the 
subjects received 2 hours of exposure to water.  For 2 days preceding the conditioning 
day, the subjects had 1-hour exposure to water.  Taste conditioning occurred one day 
before the start of the testing.  The rats were separated into two groups, a control and an 
experimental group.  Both groups received each solution, and the solutions were 
counterbalanced to make sure to create a CTA to each solution.  The rats were given a 1-
hour exposure to a solution.  After a twenty-minute break, the rats were given injections, 
with the control group receiving injections of NaCl and the experimental group receiving 
injections of LiCl to induce gastric distress. 
 
Injections 
 
16 of the rats were given injections of 150 mM LiCl at a dosage of 20 ml/kg, which 
induced gastric distress made them sick.  The other 16 rats were given control injections 
of 150 mM NaCl at a dosage of 20 ml/kg body weight. 
     
Solutions 
 
Four 88µM solutions were used for this experiment, two oleic and two linoleic.  The oleic 
two OA solutions were in ethanol form and salt form.  The test solutions were Oleic 
Acid, Na-Oleate + 5 mM ETOH, Linoleic Acid, Na-linoleate + 5 mM ETOH.  Each 
solution was tested against an H2O bottle, which contained 5 mM ETOH.  This was the 
vehicle solution.  Each solution was counterbalanced so that every group of rats received 
every solution. 
 
Two-Bottle Preference Test 
 
The rats’ detection and discrimination abilities were tested using a two-bottle preference 
test.  Each bottle was filled with the appropriate solution and weighed prior to exposure.  
Two bottles were simultaneously distributed to each rat, a vehicle and a test solution.  
The rats were exposed to the two bottles for one hour.  After one hour, the bottles were 
removed and weighed again to measure the intake of each solution.  The preference 
scores were based on a 50% rating.  Fifty percent was the preference score given to the 
rats that drank equally from both bottles.  Avoidance was determined when rats drank 
less than 50%, or intake of more of the vehicle, and preference was determined by a score 
greater than 50%, or intake of more than that of the test solution.           
   
Experiment 1 
 
The first day of the experiment was the Conditioning Day.  For the first experiment, half 
of the rats were conditioned to Linoleic Acid and Na-Linolate + 5 mM ETOH, while the 
other half were the control group.  Test Day 1 consisted of a two-bottle preference test 
testing two solutions, Linoleic Acid and Na-Linolate + 5 mM ETOH.  Test Day 2 
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consisted of the same two-bottle preference test.  Test Day three consisted of another 
two-bottle preference test using Oleic Acid and Na-Oleate + 5 mM ETOH.  
 
Experiment 2 
 
The first day of the experiment was Conditioning Day.  For the second experiment, half 
the rats were conditioned to Oleic Acid and Na-Oleate + 5 mM ETOH, the other half 
were the control group.  Test Day 1 consisted of a two-bottle preference test testing two 
solutions, Oleic Acid and Na-Oleate + 5 mM ETOH.  Test Day 2 consisted of the same 
two-bottle preference test.  Test Day three consisted of another two-bottle preference test 
using Linoleic Acid and Na-Linolate + 5 mM ETOH. 
 
Statistics 
 
Data are expressed as a mean solution intake ± the standard deviation.  The data were 
analyzed using a one-way ANOVA.  Results were considered significant in the case of 
p< 0.05. 
 
 
3. Results 
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Figure 1.  Preference scores of rats following a conditioned taste aversion 
to the ethanol-based form of linoleic acid (LA-ETOH).
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Figure 2.  Preference scores of rats following a conditioned taste aversion 
to the salt-based form of linoleic acid (LA-Salt).

 
 
Table1.  Mean intakes and preference scores for a conditioned taste aversion to the ethanol-based 
linoleic acid. 
 Injection Total Intake 

(g) 
CS Intake (g) Vehicle Intake 

(g) 
Preference 
Score (%) 

LiCl 25.2 ± 0.9 5.9 ± 0.8 19.3 ± 1.6 24 ± 4 CTA to  
LA-ETOH NaCl 22.7 ± 0.6 14.4 ± 2.4 8.4 ± 2.4 63 ± 10 

LiCl 22.4 ± 2.2 7.2 ± 0.7 15.2 ± 1.8 33 ± 2 GEN to 
LA-Salt NaCl 23.6 ± 1.0 14.5 ± 2.3 9.2 ± 1.9 60 ± 9 

LiCl 24.5 ± 2.8 6.7 ± 1.4 17.9 ± 2.7 36 ± 6 GEN to  
OA-ETOH NaCl 23.7 ± 1.7 16.3 ± 2.4 7.4 ± 2.1 69 ± 8 
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 As seen in Table 1, there was little difference in the total intake of the rats that 
received LiCl injections and those that received NaCl.   However, both groups of rats did 
show a significant difference in the CS and vehicle intakes.  For each test group, the rats 
that were given the LiCl injections drank substantially more of the vehicle than the CS, 
and those rats that were given injections of NaCl drank substantially more of the CS than 
the vehicle.  Thus, the difference in preference scores is due to the difference in the 
vehicle and CS intakes.  There was a significant effect of treatment for all three of the test 
solutions:  LA-ETOH (F(1,14) =14.035, p=.002), LA-Salt (F(1,14) =10.761, p=.005), OA-
ETOH (F(1,14) =10.684, p=.006). 
 
  
Table2.  Mean intakes and preference scores for a conditioned taste aversion to the salt-based 
linoleic acid. 
 Injection Total Intake 

(g) 
CS Intake (g) Vehicle Intake 

(g) 
Preference 
Score (%) 

LiCl 23.0 ± 2.5 7.2 ± 1.7 15.8 ± 1.9 31 ± 5 CTA to  
LA-Salt NaCl 25.7 ± 1.3 16.7 ± 2.0 9.0 ± 1.8 65 ± 7 

LiCl 20.5 ± 1.4 7.4 ± 1.3 13.1 ± 1.4 36 ± 5 GEN to 
LA-ETOH NaCl 23.2 ± 2.1 15.3 ± 2.3 7.9 ± 2.0 66 ± 7 

LiCl 26.7 ± 0.8 9.9 ± 2.0 16.9 ± 1.5 36 ± 7 GEN to  
OA-Salt NaCl 30.1 ± 3.7 18.9 ± 3.4 11.2 ± 3.4 64 ± 11 
 
 As seen in Table 2, there was little difference in the total intake of the rats that 
received LiCl injections and those that received NaCl.   However, both groups of rats did 
show a significant difference in the CS and vehicle intakes.  For each test group, the rats 
that were given the LiCl injections drank substantially more of the vehicle than the CS, 
and those rats that were given injections of NaCl drank substantially more of the CS than 
the vehicle.  Thus, the difference in preference scores is due to the difference in the 
vehicle and CS intakes.  There was a significant effect of treatment for all three of the test 
solutions:  LA-Salt (F(1,14) =17.469, p=.001), LA-ETOH (F(1,14) =14.436, p=.002), OA-
Salt (F(1,14) =5.708, p=.032). 
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Figure 3.  Preference scores of rats following a conditioned taste aversion 
to the ethanol-based form of oleic acid (OA-ETOH).
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Figure 4.  Preference scores of rats following a conditioned taste aversion 
to the salt-based form of oleic acid (OA-Salt).
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Table3.  Mean intakes and preference scores for a conditioned taste aversion to the ethanol-based 
oleic acid. 
 Injection Total Intake 

(g) 
CS Intake (g) Vehicle Intake 

(g) 
Preference 
Score (%) 

LiCl 19.5 ± 1.3 7.4 ± 1.6 12.1 ± 1.5 37 ± 8 CTA to  
OA-ETOH NaCl 22.9 ± 1.5 15.9 ± 2.2 7.0 ± 2.3 70 ± 9 

LiCl 19.8 ± 1.1 7.5 ± 1.4 12.3 ± 1.2 37 ± 6 GEN to 
OA-Salt NaCl 22.5 ± 2.6 14.0 ± 2.3 8.6 ± 3.7 67 ± 11 

LiCl 24.4 ± 1.1 6.5 ± 1.4 17.9 ± 2.2 28 ± 7 GEN to  
LA-ETOH NaCl 22.6 ± 1.8 14.6 ± 2.1 8.0 ± 1.6 64 ± 6 
 
 

As seen in Table 3, there was little difference in the total intake of the rats that 
received LiCl injections and those that received NaCl.   However, both groups of rats did 
show a significant difference in the CS and vehicle intakes.  For each test group, the rats 
that were given the LiCl injections drank substantially more of the vehicle than the CS, 
and those rats that were given injections of NaCl drank substantially more of the CS than 
the vehicle.  Thus, the difference in preference scores is due to the difference in the 
vehicle and CS intakes.  There was a significant effect of treatment for all three of the test 
solutions: OA-ETOH (F(1,14) =9.258, p=.009), OA-Salt (F(1,14) =6.080, p=.027), LA-
ETOH (F(1,14) =17.480, p=.001). 
 
 
Table 4.  Mean intakes and preference scores for a conditioned taste aversion to the salt-based 
oleic acid. 
 Injection Total Intake 

(g) 
CS Intake (g) Vehicle Intake 

(g) 
Preference 
Score (%) 

LiCl 22.8 ± 1.6 8.1 ± 2.1 14.7 ± 2.1 35 ± 8 CTA to  
OA-Salt NaCl 23.2 ± 1.9 14.6 ± 2.3 8.6 ± 2.0 62 ± 8 

LiCl 22.0 ± 2.2 8.1 ± 1.4 13.9 ± 1.8 37 ± 5 GEN to 
OA-ETOH NaCl 22.8 ± 1.7 16.3 ± 2.7 6.6 ± 1.8 70 ± 9 

LiCl 29.2 ± 1.1 10.3 ± 2.8 19.0 ± 2.9 35 ± 9 GEN to  
LA-Salt NaCl 26.5 ± 2.0 20.2 ± 2.4 6.3 ± 0.8 75 ± 4 
 

As seen in Table 4, there was little difference in the total intake of the rats that 
received LiCl injections and those that received NaCl.   However, both groups of rats did 
show a significant difference in the CS and vehicle intakes.  For each test group, the rats 
that were given the LiCl injections drank substantially more of the vehicle than the CS, 
and those rats that were given injections of NaCl drank substantially more of the CS than 
the vehicle.  Thus, the difference in preference scores is due to the difference in the 
vehicle and CS intakes.  There was a significant effect of treatment for all three of the test 
solutions: OA-Salt (F(1,14) =6.596, p=.022), OA-ETOH (F(1,14) =13.003, p=.003), LA-Salt 
(F(1,14) =19.395, p=.001). 

 



 9

 
4. Discussion 

The purpose of the experiment was to determine if rats can detect oleic acid, to 
determine whether it mattered if linoleic acid and oleic acid were presented in a pure 
form or crystallized salt form, and to determine if rats treat these two free fatty acids 
differently.  The experiment showed that rats could indeed detect oleic acid and form 
CTAs to these four solutions.  In addition, it was proven that rats are able to generalize 
that CTA to another free fatty acid. 

These experiments demonstrated that rats can taste the two principle free fatty 
acids found in corn oil.  This was shown by the fact that the rats, which were given a 
CTA to a free fatty acid, avoided the solution containing that particular free fatty acid.  
Another conclusion that can be drawn from this experiment is that the rats were able to 
detect and avoid linoleic acid and oleic acid regardless of whether the solution was 
presented in the salt-based form or alcohol based form.  Following the CTA, the rats were 
able to generalize from both the salt-based and the alcohol-based solutions.  A third 
conclusion from this experiment shows that rats treat oleic acid and linoleic acid the 
same.  There was no effect on the rats’ behavior when they were presented with oleic or 
linoleic acid or on their ability to generalize to the other free fatty acid.  If the rats were 
given linoleic acid, and formed a CTA to that solution, then they not only avoided 
linoleic acid, but also they avoided oleic acid as well.  It did not matter whether the rats 
were given a conditioned taste aversion to oleic acid or to linoleic acid.  With each of the 
CTAs, the rats were able to generalize to the other free fatty acid, and avoided them 
altogether.   

This experiment replicates the McCormack et al., 2003 study.  The previous study 
simply showed that conditioned taste aversions reveal the ability of rats to detect linoleic 
acid.  When a concentration of linoleic acid (≥66µM) was paired with a LiCl injection, 
the rats exhibited future avoidance of the linoleic acid.  The present experiment expands 
these results by comparing the animals’ detection of both the salt and ethanol bases of 
linoleic acid.  This helped to determine if the free fatty acid being tested was actually the 
salient feature.  In addition to this modification, the rats were also given conditioned taste 
aversions to oleic acid.  This addition allowed the preference comparison of two free fatty 
acids to be viewed. 

The evidence from Gilbertson’s studies can be compared to these findings as well.  
When linoleic acid and oleic acid were tested, oleic acid did not display the same effects 
as in the present experiment.  Gilbertson claims that linoleic acid is transduced through a 
potassium channel.  However, it is noted that just because a transduction mechanism for 
oleic acid has not been found, does not imply that there is not an oleic acid channel.  The 
current study proves that rats can sense oleic acid, suggesting that there is in fact a 
transduction mechanism for this free fatty acid.   

This experiment could be improved by testing linolenic acid in addition to the 
other two fatty acids.  More behavioral research for all of the free fatty acids is needed to 
see which acids that rats can detect. An investigation of the neural signal of the rats 
during intake of the two acids would also yield insight into the neurophysiology these 
acids.  In addition to these advancements, it would be valuable to test whether oleic acid 
increases the intensity of tastants like linoleic acid does in the Davis Rig.  Another 
possibility for future research would be to determine if rats treat 88µM solutions as corn 
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oil and if their preference for the solution is the same as corn oil.  If this solution has the 
same taste as corn oil, with a significantly less caloric quality, it can be substituted for 
corn oil to provide the same “fat taste” with a reduced amount of calories.  This would 
hopefully be applied to human foods in the future, such as ice cream and candy bars to 
provide the same “fat taste” without the calories.  Further research is needed in this field 
to accurately determine the effects of free fatty acids in rats.  
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