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Abstract 

 Non-nutritive sweeteners are becoming increasingly popular as an alternative to sucrose 

as people begin looking for non-caloric alternatives to sugar.  However, it is widely reported that 

these non-nutritive sweeteners can taste bitter at higher concentrations.  Previous research by 

Loney et al (2011) demonstrated that rats either prefer or avoid non-nutritive sweeteners at high 

concentrations.  The present study set out to extend the findings of Loney et al. by adding a fatty 

acid to different concentrations of non-nutritive sweeteners.  Our previous research demonstrated 

a conditioned taste aversion paradigm in which rats detect the presence of linoleic and oleic acids 

at high and low concentrations.  It is suggested that fatty acids intensifies the perception of taste.  

Because of this, we propose that rats that are avoiders will avoid sucralose at lower 

concentrations and preferers will prefer sucralose at lower concentrations than either group 

without linoleic acid.  We also set out to determine that preference or avoidance of sucralose 

extended to, saccharin, another non-nutritive sweetener.  Avoiders and preferers were determined 

by a series of two-bottle preferences tests with increasing concentrations of sucralose and water.  

Short-term testing using a Davis Rig supported our hypothesis that the addition of linoleic acid 

would intensifies the avoiding and preferring behavior of different groups (avoiders or prefers).  

The results suggest, for the first time, that the presence of linoleic acid intensifies bimodal 

preferences of sucralose, but not saccharin. 
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Non-nutritive sweeteners are an increasingly popular alternative to sugar as people 

become more concerned with calorie consumption and obesity. Certain artificial sweeteners are 

reported to be sweet at low concentrations and increasingly bitter at higher concentrations 

(Loney et al., 2011). This change in sensation from sweet to bitter may be produced by certain 

receptors, which vary in density on the tongue of different individuals. One particular receptor, 

transient receptor potential vanilliod-1 (TRPV1), may account for the bitter taste at high 

concentrations of artificial sweeteners. These receptors are activated by a large range of 

chemicals, which includes many artificial sweeteners. When these receptors are activated, they 

transduce a sensation of ‘bitter’ from the tongue and other areas of the oral cavity (Riera et al, 

2007).  

Once the stimuli have been transduced, three cranial nerves transmit signals from the 

mouth and converge on the brainstem. From there, the signals are sent to the parabrachial 

nucleus (PBN) and amygdala, which assigns emotional value to the stimuli associated with 

cravings and aversions. The signal also travels to the ventral medial posterior thalamus, which 

detects the difference between sweet, sour, salty, and bitter. The hypothalamus is also involved 

with hunger and satiety as well as the insular and frontal operculum for primary taste perception. 

These gustatory sensations and olfactory sensations then converge in the orbitofrontal cortex, 

which create flavor of the substance ingested. 

 Recently, it has been argued that fat is a modulator of gustatory sensations, either 

working at a molecular or receptor level to affect other gustatory sensations. Researchers have 

proposed that cis-long chain unsaturated fatty acids, which are components of dietary fat,  block 

delayed rectifying potassium channels resulting in depolarization (Mattes, 2009).  However, 

other researchers have argued that differentiation-36 clusters, receptors located on the cell 
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membrane, bind to both saturated and unsaturated fatty acids (Mattes, 2009).  A third mechanism 

has been proposed whereby a G-protein coupled receptor-120 (GPCR-120) binds to medium and 

long-chained saturated and unsaturated fatty acids at the extracellular level and causes a signal 

transduction (Mattes, 2009). Researchers have also proposed that short-chain fatty acids may 

bind to GPCR41 and FPCR43 receptors (Mattes, 2009). However, these proteins have not been 

established as taste receptors or as functional in humans; they have been shown in rat models and 

need a human correlate to corroborate these findings (Mattes, 2009).  

Previous research from this laboratory using a conditioned taste aversion paradigm, 

showed that rats formed a conditioned taste aversions to linoleic and oleic acid, which 

demonstrated an ability in rats to detect fatty acids.  Rats were able to detect and avoid linoleic 

and oleic acid beginning at a concentration of 66 uM in two-bottle preference testing.  The 

presence of fatty acids may intensify the perceived taste causing pleasant and unpleasant tastes to 

taste stronger by increasing the perceived intensity of the other tastants present in the oral cavity 

(Pittman, 2008). 

It has been well documented that rodents show a preference for dietary fats and will 

modify their caloric intake to include more of these dietary fats. The ability for rats to detect the 

presence of fatty acids is evident through preference testing with fatty acids, specifically linoleic 

and oleic acids (Anderson et al, 2006).  It has been shown that the addition of fatty acids to sweet 

solutions increases the amount of licking by rats (Anderson et al, 2006) because of purported 

modulatory effects of fatty acids on other tastants.  

Sclafani and Clare (2004) first found that females showed a weak preference for water 

rather than sucralose. Both Sclafani and Clare (2004) and Bello and Hajnal (2005) found that 

roughly 20 percent of male rats preferred sucralose to water. Sclafani and Clare (2004) showed 
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that 50 percent of the females preferred the sucralose solution rather than water. Thus, the 

females were twice as likely to prefer the sucralose solution, which suggests a sexual 

dimorphism in sucralose preference. Additionally, research indicated that the behavioral 

preference for saccharin generalized to the sucralose in high (HiS) and low (LoS) saccharin 

preferring rats (Dess et al, 2009). When presented with the choice between sucralose or water, 

HiS rats consistently chose sucralose to water, while the LoS rats preferred water to the 

sucralose, mirroring their preference to saccharin. Based on this research, Loney et al (2011) 

concluded that rats could either be categorized into two groups, sucralose preferers and sucralose 

avoiders, and that there would be sexual dimorphism within these groups.  

The present study is modeled after research by Loney et al (2011), which demonstrated 

that rats are either prefers or avoiders of non-nutritive sweeteners at high concentrations. This 

difference in preference may be caused by the high concentration of the bitter, or TRPV1, 

receptors on the tongue of rats that tend to be avoiders, or conversely a low concentration of 

these receptors on the tongues of preferers of the non-nutritive sweeteners. When non-nutritive 

sweeteners are combined with fatty acids such as linoleic acid, these taste preferences may be 

much more intensified between prefers and avoiders of non-nutritive sweeteners. Bitter tastes 

may be more intensified by the presence of fatty acid as fatty acids have been demonstrated to 

cause the depolarization of more taste receptor cells in response to a stimulus.  Because of this, 

tastants will be perceived as being more bitter at lower concentrations because more taste 

receptor cells respond to the presence of a tastant.  

The present study aims to extend the work of Loney and colleagues in a variety of 

ways.  First, we aim to extend the findings of preferring and avoiding of non-nutritive sweeteners 

to not only sucralose, but to saccharin as well.  We also aim to examine the effects of adding a 
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fatty acid, linoleic acid, to varying concentrations of non-nutritive sweeteners.  As expressed 

earlier, the addition of linoleic acid to a non-nutritive sweetener may modify the perceived 

intensity of that sweetener; therefore, we would expect to see differences in avoiding or 

preferring behavior at lower concentrations of the sweetener than we would in concentrations 

without the addition of linoleate.   

Methods 

Subjects 

Rat subjects were equally divided into two groups based on sex (n=12 for each sex). 

 Each group were then assigned to categories based on being sucralose-avoiding and sucralose-

preferring.  This was determined after performing a series of two bottle preference tests with 

increasing levels of sucralose.  Four rats from each sex qualified as sucralose-avoiding and four 

rats from each sex qualified as sucralose-preferring.  All rats were reared on Harland Teklad 

8604 rodent chow while at Wofford College where the behavioral studies were carried out.  Rats 

were housed in clear poly carbonate cages on 12:12 h light:dark cycle with lights off at 1:00 PM. 

All behavioral testing started at the lights off day schedule. Rats had ad libitum  access to water 

until one day prior to the initiation of short-term water-deplete preference tests.  At this time, rats 

were exposed to a 23-hour water restriction schedule for the water restriction section of the 

experiment. During the replete condition of the experiment, rats were given ad libitum  access to 

water.  After each testing session during the water deplete condition, rats were given 15 minutes 

ad libitum  access to water.  All experiments were conducted in accordance with the National 

Institutes of Health Guide for the Care and Use of Laboratory Animals, and all procedures were 

approved by the Institutional Animal Care and Use Committees at Wofford College. 
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Stimuli 

All taste stimuli were mixed daily and presented at room temperature.  Prior to use, fatty 

acids were kept stored in a freezer at -20*C.  The fatty acid stimuli consisted of 200 uM of the 

water-soluble linoleic acid (sodium linoleate).  In addition to linoleic acid and sucrose, there 

were two non-nutritive sweeteners utilized: sucralose and saccharin. 

 

Behavioral training and testing procedures 

During the 24-hour exposure condition, all subjects were exposed in home cage 

conditions to concentrations of sucralose (.01g/L) sucrose (82g/L), saccharin (2.41g/L) and 

linoleic acid (303g/L).  All subjects were tested to determine potential side preferences by 

performing a two-bottle preference test with water in their home cages over 48 hours switching 

bottles between sides to eliminate side preferences.  Short term behavioral testing was conducted 

in the MS-160 Davis Rig gustatory behavioral apparatus.  (DiLog Instruments, Tallahassee, FL). 

 The Davis Rig measures rat licking behavior at a resolution of 1 ms during the controlled 

presentation of up to 16 taste stimuli as previously described (Pittman et. al, 2006).  The Davis 

rig is housed inside an acoustic isolation chamber utilizing a white noise generator.  Intake and 

exhaust fans are located on opposing walls of the chamber in order to direct constant airflow 

along the longitudinal axis of the stimulus delivery tray serving to reduce olfactory cues for a 

given stimulus.  Rats were trained to lick during water stimulus trials in the Davis Rig for one 

day prior to behavioral testing.  Each daily test session consisted of one block of ten trials with 

stimulus durations of 30 s, wait times for the first lick of 30 seconds, and interstimulus interval 

of 10s.  Each block included one trial of each test stimulus and one trial of water stimuli. 
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Experiment 1 

 Following the exposure trials, all subjects were exposed to increasing concentrations of 

the sucralose to determine the sucralose-preferring and sucralose-avoiding distribution of rats 

(sucralose concentrations: .001g/L, .01g/L, .25 g/L, 1.0 g/L, 2.0 g/L). For these trials, one bottle 

of sucralose and one bottle of water were placed on the home cage of each rat for a 23-hour 

period.  Consumption was measured by changes in bottle weights in order to determine 

preference.  Each concentration of sucralose was measured twice, once on the left side of the 

cage and once on the right side, in order to account for side preferences of rats. From this test, 

four rats from each sex were determined to be avoiders and four rats from each sex were 

determined to be preferers.   The formula for determining the preference score of the rats was 

[Tastant consumed/(tastant consumed + water consumed)].  After preference testing using 

sucralose, the same procedure was used with increasing concentrations of saccharin (1 mM, 10 

mM, 25 mM) and sucrose (15 mM, 60 mM) to determine if preferring and avoiding behavior 

extended to sachharin. 

   

Experiment 2 
 

During the water-deplete condition, subjects licking was assessed during brief-access 

testing using 30s stimulus trials in the MS-160 Davis Rig. The latency time to first lick and 

number of licks in each trial were recorded.  After each session, rats were given ad libitum  

access to water for a fifteen-minute period, and were not tested again for 23 hours.  The 

following sucralose concentrations were tested with and without the addition of 200 uM 

linoleate:  0.25 g/L, 1.0 g/L, 2.0 g/L, 5.0 g/L.  Water was also tested with and without the 

addition of 200 uM linoleate. 
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Sucralose tests occurred during the first and third sessions of this experiment.  The 

second and fourth sessions assessed licking behaviors in response to various concentrations of 

saccharin.  Saccharin was presented at the following concentrations with and without 200 uM 

linoleate: 5 mM, 10 mM, 25 mM, 50 mM.  Water was also tested with and without the addition 

of 200 uM linoleate. 

 Following water-deplete brief-access testing of sucralose and saccharin, all animals 

returned to a water-replete condition and licking to lower concentrations of sucralose (0.01, 0.25, 

1.0, 2.0 g/L) and saccharin (0.001, 0.0025, 0.005, 0.01 mM) with and without 200 uM linoleate 

was assessed in the same manner as in the water deplete condition. 

 It was necessary to conduct both water-deplete and water-replete testing in order to attain 

both the increasing preference for sucralose up to a high concentration followed by a shift to 

decreasing preference and avoidance of sucralose at higher concentrations.  A water-deplete 

condition would result in rats being highly motivated to lick when presented with a stimulus.  

Therefore, a ceiling effect would occur in response to low concentrations, and it would only be 

possible to see avoidance of tastants at high concentrations. 

 In order to account for this ceiling effect, testing under water-replete conditions would be 

necessary.  Under water-replete conditions, rats would be motivated to lick according to 

preference rather than being motivated by thirst. Therefore, differences would be present at 

lower concentrations of tastant.  

All results were analyzed using a mixed-factorial analysis of variance (ANOVA) in order 

to determine statistically significant results. 

 

Results 
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Experiment 1 

 

 A repeated-measures analysis of variance (ANOVA) revealed a significant main effect of 

concentration [F(5,100) =22.618, p<0.001] and of group (preferers or avoiders) [F(1,100) =21.297, 

p<0.001] for sucralose. The main effect of concentration indicates that rats preferred sucralose to 

varying degrees based on the concentration of the tastant, as expected. A main effect of group 

indicates that the preference scores for preferers and avoiders differed.  

Furthermore, there was an interaction of concentration and group [F(5,100) =16.525, 

p<0.001] and of concentration and day [F(5,100) =3.635, p,0.01] for sucralose. The interaction 

between concentration and group indicates that preference for sucralose was different between 

groups across the concentrations. The interaction between concentration and day indicates that 

preference for sucralose was different for concentration between the two days.  
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 A repeated measures ANOVA found that there was a significant main effect of day 

[F(1,20) =4.311, p<0.05] and a significant main effect of concentration [F(3,60) =19.030, p<0.05)] 

for saccharin.  The main effect of day indicates a difference in preference was present between 

day 1 and day 2. The main effect of concentration demonstrates that preference for saccharin 

differed between concentrations. There was also a significant interaction between group and sex 

[F(1,60) =4.687, p<0.05]. The interaction between group and sex indicates that preference for 

saccharin was different between sexes across the groups. 

A repeated measures ANOVA revealed a main effect of concentration [F(1,20) =4.936, 

p<0.05] for sucrose.  Preference scores increased at higher concentrations, but did not 

significantly differ between sexes or between groups  

 

 

 

 

 

 

 

 

 

 

 

Experiment 2 
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Figure 2. Intake (g) for different concentrations of sucralose.  The two left panels show the 
intake amounts for sucralose prefers while the right two panels show intake amounts for 
avoiders.   
 
 A repeated measures ANOVA revealed there was a significant main effect of tastant 

(water versus sucralose) [F(1,20) =38.097, p<0.001].  This is indicative of a significant difference 

between the intake of water (in grams) and intake of sucralose (in grams).  Rats had a greater 

intake of tastant than water.  There was also a significant interaction between tastant and group 

[F(1,20) =14.792, p<0.001], concentration and tastant [F(5,100) =8.148, p<0.001], and concentration, 

tastant, and group [F(5,100) =5.841, p<0.001] for sucralose consumption. The interaction between 
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tastant and group indicates that preference for sucralose was different between tastant across the 

groups. 

 The interaction between concentration and tastant indicates that preference for sucralose 

was significantly different between tastants across concentrations.  This indicates that at certain 

concentrations, a tastant was more preferable than water. The interaction of concentration, 

tastant, and group indicates significantly different intake of sucralose compared to tastant 

between the different groups. 

 

 

Figure 3. Saccharin intake (g) at different concentrations of saccharin.  The two left panels 
illustrate intake for sucralose-preferers and the right two panels illustrate intake for sucralose-
avoiders 
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For saccharin, a repeated measures ANOVA revealed that there was a significant main 

effect of day [F(1,20) =5.315, p<0.05], concentration [F(3,60) =105.66, p<0.001], and tastant [F(1,20) 

=192.836, p<0.001]. The main effect of day indicates that there were significantly different 

intakes between the two days that a concentration was presented. The main effect of 

concentration signifies a significant difference between different concentrations of saccharin. 

The main effect of tastant indicates that there were significantly different intakes for water as 

compared to saccharin.  

There were significant interactions between day and sex [F(1,20) =5.436, p<0.05], 

concentration and sex [F(3,60) =7.172, p<0.001], concentration and group [F(3,60) =17.201, 

p<0.001], concentration, sex, and group [F(3,60) =3.775, p<0.01], tastant and group [F(1,20) 

=11.382, p<0.01], day and concentration [F(3,60) =3.844, p<0.01], day and tastant [F(1,20) =6.146, 

p<0.05], concentration and tastant [F(3,60) =112.076, p<0.001], concentration, tastant, and sex 

[F(3,60) =3.031, p<0.05], concentration, tastant, sex, and group [F(3,60) =4.561, p<0.05], day, 

concentration, and tastant [F(3,60) =5.902, p<0.001], and day, concentration, tastant, and sex 

[F(3,60) =4.211, p<0.01]. The interaction of day and sex indicates that the male and preferers 

differentially consumed different amounts of saccharin on day one of testing as opposed to day 

two.  The interaction between concentration and sex demonstrates that males and females 

consumed significantly different amounts of saccharin across different concentrations.  The 

interaction between concentration and group indicates that rats from different groups consumed 

significantly different amounts of saccharin across the concentrations. The interaction of 

concentration, sex, and group signifies that the intakes were different for males and females, and 

avoiders and prefers for the different concentrations of saccharin. The interaction of tastant and 

group indicates that the avoiders and prefers consumed either the tastant or water at different 
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rates. The interaction of day and concentration signifies that the different concentrations were 

consumed differently when they were presented on day one and day two. The interaction 

between day and tastant indicates that there were differences between the water and saccharin 

and their presentations on either day one or day two. The interaction between concentration and 

tastant signifies that there were differences between the water and saccharin at the difference 

concentrations of saccharin. The interaction between concentration, sex, and tastant indicates that 

there were differences between males and females and their responses to the different 

concentration of saccharin and water. The interaction between concentrations, tastant, sex, and 

group signifies that males and females, avoiders and prefers, responded differently to the 

concentrations of saccharin and water. The interaction of day, tastant, and concentration 

indicates that there were different responses to the different concentrations of saccharin and 

water on day one and day two. The interaction of day, concentration, sex, and tastant signifies 

that males and females responded differently to the different concentrations of saccharin and 

water on day one and day two.  

 For sucrose, a repeated measures ANOVA revealed that there was a significant main 

effect of day [F(1,20) =12.760, p<0.01], concentration [F(1,20) =171.632, p<0.001], and tastant 

[F(1,20) =297.825, p<0.001]. The main effect of day demonstrates different amounts of sucrose 

were consumed on day one than day two of the presentations of sucrose. The main effect of 

concentration indicates that sucrose intake was different with different concentrations. The main 

effect of tastant signifies that rats consumed different amounts of water as opposed to sucrose. 

There were also significant interactions between concentration and group [F(1,20) =6.220, 

p<0.05], tastant and sex [F(1,20) =6.042, p<0.05], day and concentration [F(1,20) =11.131, p<0.01], 

day and tastant [F(1,20) =13.766, p<0.001], concentration and tastant [F(1,20) =148.146, p<0.001], 
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and day, concentration, and tastant [F(1,20) =10.809, p<0.01]. The interaction between 

concentration and group signifies that the preferers and avoiders consumed different amounts of 

sucrose at different concentrations of sucrose. The interaction between tastant and sex indicates 

that males and females consumed different amounts of sucrose across different concentrations. 

The interaction between day and concentration indicates that rats consumed different amounts of 

sucrose at different concentrations across different days. The interaction between day and tastant 

demonstrates that there were different amounts of sucrose as opposed to water on day one than 

day two. The interaction between concentration and tastant indicates that sucrose consumption 

varied at different concentrations across different tastants.  The interaction of day, concentration, 

and tastant, signifies that as the concentrations changed, the preference of water and sucrose 

changed across day one and day two.  

Experiment 2: Short-term testing 

 For sucralose, there was a main effect of linoleic acid [F(1,20)=12.112, p<0.01] in the 

water deprivation condition. The addition of linoleic acid caused rats to decrease licking 

response at lower concentrations than without linoleic acid. There was also a main effect of 

concentration [F(4,80)=3.862, p<0.01] on licking. This signifies that licking behavior changed in 

response to changes in concentration.   

There was also a significant main effect of linoleic acid [F(1,20)=4.992, p<0.05] and a 

significant main effect of concentration [F(4,80)=2.896, p<0.05] on licking behavior of 

saccharin.  There was also a significant interaction between linoleic acid, concentration, and sex 

[F(4,80)=3.44, p<0.01] on licking behavior of saccharin. This indicates that licking behavior 

changed in response to linoleic acid across concentration and sex.  
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 During the water-replete condition, there was a main effect of linoleic acid on licking 

behavior of sucralose [F(1,20)=4.179, p<0.05]. This indicates that the presence of linoleic acid 

changed licking behavior of sucralose.  In fact, licking response increased at higher 

concentrations of sucralose with the addition of linoleic acid.  There was also a significant 

interaction between linoleic acid and group [F(1,20)=5.898, p<0.05], concentration and group 

[F(4,80)=2.838, p<0.05], and linoleic acid, concentration, and group [F(4,80)=3.180, p<0.01]. 

The interaction of linoleic acid and group demonstrates that prefers and avoiders showed 

different patterns of licking behavior in response to the presence of linoleic acid across different 

concentrations.  The interaction between concentration and group indicates that prefers and 

avoiders showed different licking behaviors across different concentrations.  The interaction 

between linoleic acid, concentration, and group signifies that prefers and avoiders showed 

different licking behavior in the presence of linoleic acid across different concentrations.   

 
Figure 4. Number of licks in a thirty second time period to different concentrations of sucralose 
with and without linoleic acid for sucralose avoiding and preferring rats. 
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For saccharin, during water-replete condition, there was a significant main effect of 

linoleic acid [F(1,20)=6.039, p<0.05], a significant main effect of concentration 

[F(4,80)=12.349, p<0.001], a significant interaction of linoleic acid and concentration 

[F(4,80)=3.181, p<0.01], a significant interaction of linoleic acid, concentration, and group 

[F(4,80)=2.739, p<0.05], and a significant interaction of linoleic acid, concentration, sex, and 

group [F(4,80)=4.346, p<0.01]. The main effect of linoleic acid indicates that rats licking 

behavior changed in response to the presence of linoleic acid. The main effect of concentration 

indicates that licking behavior changed across concentrations. The interaction between linoleic 

acid and concentration indicates that there were different licking behaviors in response to linoleic 

acid and across concentration levels. The interaction between linoleic acid, concentration, and 

group signifies that prefers and avoiders showed different licking responses in the presence of 

linoleic acid across different concentrations of saccharin. 
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Figure 5. A. The main effect of linoleic acid for saccharin during water deprivation. B. The main 
effect of linoleic acid for sucralose during water deprivation. C. The main effect of linoleic acid 
for saccharin during water-replete. D. The main effect of linoleic acid for sucralose during water-
replete.  

A	 B

C	 D
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Figure 6. A. The significant interaction of linoleic acid, concentration, and sex for saccharin 
during water deprivation. B. The significant interaction of linoleic acid, concentration, and sex 
for saccharin during water-replete. C. The significant interaction of linoleic acid, concentration, 
group, and sex for saccharin with the perferers during water-replete. D. The significant 
interaction of linoleic acid, concentration, group, and sex for saccharin with the avoiders during 
water-replete.   
 

Discussion 

The present study sought to extend the work of Loney et al (2011) in a variety of ways.  

First, we aimed to extend the findings of preferring and avoiding non-nutritive sweeteners to not 

only sucralose, but saccharin as well.  We also aimed to examine the effects of adding a fatty 

acid, linoleic acid, to varying concentrations of non-nutritive sweeteners.  As expressed earlier, 

the addition of linoleic acid to a non-nutritive sweetener may increase the perceived intensity of 

A	 B

C	 D
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that sweetener; therefore, we would have expected to see differences in avoiding or preferring 

behavior at lower concentrations of the sweetener than we would in concentrations without the 

addition of linoleate.  Additionally, we hoped to examine differences in avoiding and preferring 

behavior between sexes.  

Using increasing concentrations of sucralose, we were able to determine avoiding and 

preferring behaviors of rats in response to higher concentrations.  Similar to Loney et al (2011), 

we were able to separate rats in to groups of sucralose-avoiding rats and sucralose-preferring 

rats. We also so no sex differences between avoiding and preferring behaviors. 

Following preference testing with sucralose, preference testing with saccharin was 

conducted.  No main effect of group was discovered in this testing, meaning that sucralose 

avoiding and preferring behavior did not extend to saccharin. However, this did not occur.  This 

is indicative of different transduction mechanisms for sucralose and saccharin.  At high 

concentrations, sucralose was aversive to some of the rats, but not others.  We suppose this is 

because at high concentrations, sucralose has a more bitter taste, but only to some rats.  

Preference scores for saccharin decreased uniformly at fairly low concentrations, indicating that 

saccharin activates receptors for bitter tastes in rats.  However, the interaction between group and 

sex indicated that differences in preference were present.  

Sucralose and water intakes for different concentrations of sucralose revealed a 

significant main effect of tastant, meaning the intake of either water or sucralose.  However, a 

significant interaction was present between tastant and group. Preferers consumed an average of 

around 100 grams of sucralose at high concentrations, nearly a fourth of the average rat’s body 

weight.  Avoiders consumed about 60 grams of sucralose.  This clearly illustrates that avoiding 

rats found the higher concentrations of sucralose to be aversive and consumed less of it, but 
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preferring rats found higher concentrations of sucralose to be very appetitive.  A significant 

interaction between tastant, group, and concentration was also present, clearly illustrating that at 

higher concentrations, avoiding rats were more sensitive to aversive properties of sucralose and 

did not consume it.   

Intake experiments with saccharin indicated a significant main effect of concentration, 

and tastant, as expected. Interestingly, both preferers and avoiders consumed less saccharin at 

higher concentrations, supporting the conclusion that saccharin activates receptors for bitter 

tastes in all rats. 

 However, interactions occurred between concentration and group and between tastant 

and group for saccharin, as well.  Sucralose-preferers consumed more of the saccharin 

concentrations at lower concentrations than the sucralose-avoiders, however, both avoiders and 

prefers decreased saccharin consumption at higher concentrations and intake of water increased 

at these concentrations.   

Short-term testing showed a main effect of linoleic acid for licking behavior in sucralose.  

Linoleic acid caused depolarization of more taste receptor cells, and caused an intensified 

perception of taste.  Because of this, sucralose became aversive to sucralose-avoiding rats at 

lower concentrations and became more appetitive to sucralose-preferring rats at lower 

concentrations.   

A main effect of linoleic acid was also present for licking behavior of saccharin, as well. 

The addition of linoleic acid to saccharin caused saccharin to be less appetitive at lower 

concentrations than it was without linoleic acid.  We suggest that because saccharin does not 

show the bimodal preference scores that sucralose does (presumably because saccharin 

uniformly activates bitter taste receptors at higher concentrations and sucralose activates bitter 
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taste receptors in avoiders, but not preferers), when linoleic was added, the fatty acid acted to 

cause the intensified depolarization of bitter taste receptor cells.  

This supports the conclusions from the first two experiments that saccharin has aversive 

properties to both preferring and avoiding rats, and linoleic acid intensified these aversive 

properties.  However, sucralose has differentially aversive properties, and the addition of linoleic 

acid exaggerated these differences between avoiding and preferring rats.  

When we compare the sucralose-avoiders and sucralose-preferers and compare the two 

sexes, interesting differences emerge.  A significant interaction between linoleic acid and group 

in sucralose conditions indicates that the addition of linoleic acids differentially affected taste 

preferences between groups.  Specifically, linoleic acid intensified avoiding and preferring 

behaviors at higher concentrations, further supporting the findings of the previous two 

experiments.  No significant interactions occurred with sex, demonstrating that both male and 

female avoiders showed similar responses and both male and female preferers showed different 

responses to sucralose.  

Water-replete tests with saccharin showed a significant interaction between linoleic acid, 

concentration, group, and sex.  This indicates that male avoiders have a different response to the 

presence of linoleic acid at different concentrations than do male avoiders, and the same is true 

for female avoiders and female preferers.   

The results from the current study support previous work from this lab showing that the 

addition of linoleic acid intensifies the tastant qualities present.  However, the present study 

presents novel findings that deserve future explanations.  Previous research has demonstrated 

that the addition of linoleic acid to an already aversive stimulus decreases consumption, which is 

interpreted as increasing the aversive taste of an already aversive stimulus.  Conversely, the 
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addition of linoleic acid to appetitive stimuli has been shown to increase consumption of that 

stimulus, which is interpreted as increasing the appetitive taste of an already appetitive stimulus.  

The present study is the first study to demonstrate both increased aversion and preference in the 

same modality.  

Findings from the present study could be extended to other tastants as well. A large 

portion of the literature conducted on tastant preference has been conducted on sodium, and a 

similar study could be conducted with sodium and linoleic acid.  It is possible to create sodium 

avoiding and sodium preferring rats by providing rats with a high sodium or low sodium diet, 

respectively.  By adding linoleic acid to increasing concentrations of sodium, it would be 

possible to test if linoleic acid can cause the bimodal preferences seen in sucralose with sodium, 

as well.  
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