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Abstract 

Humans and rats alike have the ability to taste five tastants, salt, sour, bitter, sweet and 

monosodium glutamate.  These different taste qualities have various qualitative and 

affective components that give a specific value to the stimulus.  Previous research has 

shown that sweet tastants are the most palatable tastant of the known five.  The caloric 

value associated with nutritive and non-nutritive sweeteners is a significant difference 

between the stimuli.  Current research is beginning to focus on what makes non-nutritive 

sweeteners qualitatively different from caloric sweeteners.  Researchers have considered 

the taste system, neural pathways, caloric and hedonic value, postingestive effects and 

satiety to closely examine and analyze why nutritive sweeteners are preferred over non-

nutritive sweeteners.   
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Within the human diet, there are certain foods people prefer over others.  The 

most palatable foods, meaning the most acceptable foods, are typically high calorie sweet 

foods.  There are other tastes than sweet but it seems to be the most acceptable among 

humans and animals.  Humans can perceive five tastants including sweet, sour, bitter, 

salty and umami (monosodium glutamate).  Rat’s are also reportedly able to perceive 

these five tastants and discriminate between most of them.  Although there is no way for 

a verbal confirmation of the perception, it is clear through behavioral responses that rats 

are able to distinguish between ingestive and aversive stimuli.  There are two qualities 

other than primary perception of a stimulus that elicit responses.  A response caused by 

emotion or feeling is called an affective response.  A response made by distinguishing 

qualities of a stimulus is called a qualitative response.  Affective and qualitative 

responses are “interdependent” because a stimulus that is aversive like bitter will be 

avoided while a stimulus like sugar will be preferred.  Qualitative responses and features 

of different stimuli do not vary significantly within a group.  There is also little variation 

in the qualitative responses of rats versus humans. 

The qualities of stimuli are important however the hedonic value is more 

important when considering the palatability and preference for a particular tastant.  When 

a tastant is satiated, meaning there has been overexposure and overindulgence of that 

tastant, the hedonic value decreases because the animal or human no longer desires that 

tastant.  This change occurs because the hedonic value has decreased and the animal or 

human would prefer a different tastant that has not been satiated.  The change in 

preference is not caused by a change in the qualitative properties of the stimulus because 

the stimulus is still palatable, just not preferred for the animal that was satiated with the 
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particular tastant (Spector and Travers, 2005).  Most research focuses on glucose-based 

and fructose-based carbohydrates.  The difference between them is that glucose-based 

carbohydrates consist of glucose, Polycose, and maltose while fructose-based 

carbohydrates consist of fructose and sucrose.  These have different nutritional value and 

contain different levels of caloric content. 

 There are two primary theories for neural coding for taste quality including 

labeled-line theory and across neuron pattern coding.  The neurons that are activated 

when the stimulus is consumed is the determining factor of which coding will be used to 

identify the stimulus.  Labeled-line theory proposes that certain clusters of neurons 

become active in response to a specific qualitative perception.  Labeled-line coding is 

usually activated by sweet tastants or salty tastants because these are both considered 

necessary for maintaining a healthy diet.  Across neuron pattern is based on the concept 

that all different neurons are activated with a given perception.  This theory is typically 

generalized across stimuli considered aversive.  This generalization is sometimes a 

defense mechanism for animals to determine food to avoid in the wild. 

 There are many important factors to consider when examining and analyzing how 

and why neural coding and representation occur in the taste system.  The primary goal of 

the taste system is to inform the animal about the substance it is about to ingest (Spector 

and Travers, 2005).  It is vital for the animal to be able to interpret the perceptive cues 

from the substance so the animal can know if it is safe to consume.  The neural coding 

process allows the physical properties of a stimulus to be translated by the gustatory 

system into stimulus features.  The first stage involves interaction between the receptors 

and transduction within the taste buds.  The second stage involves the afferent fibers 
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sending signals to the brain.  The third stage involves processing within the central 

nervous system of the peripheral signals.  A body of data is organized by the taste bud 

cells which details the properties of a stimulus.  This allows for a better understanding of 

how transduction occurs.   

 The neural coding process begins by the tastant interacting with proteins and ion 

channels.  Different receptors and their position on the taste bud cell membrane establish 

boundaries for the transference of stimulus properties.  The two types of receptors are G-

protein-coupled receptors (GPCR) and ion channels.  The characteristics of the GPCR 

and the selectivity of the ion channels are what ultimately determine the selectivity of the 

response to different tastants.  It is believed that all tastants initiate a transduction process 

that eventually increases the intracellular calcium concentration thus causing 

neurotransmitter release.  The GPCRs are important to consider specifically for this paper 

because they are crucial for the recognition of sweet tastants.  The T1R family of GPCRs 

is responsible for binding to caloric and non-caloric sweet tastants.  T1R1, T1R2, and 

T1R3 are the three proteins within the T1R family that bind to sweet taste chemicals and 

serve as receptors in the taste bud.  T1R3 is responsible for binding to highly 

concentrated sweet tastants.  There are differences in how the stimulus binds to the 

receptor within humans and animals that causes an inability to perceive the stimulus.  The 

non-caloric sweetener aspartame does not activate the T1R2 or T1R3 receptor which 

explains why rats do not show a preference for aspartame.  This is a difference between 

humans and rodents and explains why humans perceive aspartame to be sweet and rats do 

not perceive the sweet taste. 
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 The way animals categorize tastes is based on the responses of the peripheral 

gustatory system.  The ingestion of stimuli in rats is based on the learned preferences, 

generalizations of one stimulus to another, and their ability to discriminate between 

tastants.  Research has focused on quantifying these behavioral responses.  

Generalization tests often include conditioned taste aversions which assess how tastants 

are similar and dissimilar from each other.  Once an aversion has been established via a 

treatment that induces sickness linked with a tastant the willingness to avoid other 

tastants may represent similar qualitative properties.  This means rats will not only avoid 

the taste they have a conditioned aversion to but also to tastants with similar perceptual 

qualities.  Conditioned taste aversions (CTA) are a way to label different tastants as 

ingestive or aversive.  CTAs are a way to measure the generalization across stimuli or the 

effects of palatability on consumption after induced sickness.  Conditioned taste 

aversions provide an associative learning method to measure the avoidance of particular 

tastes and odors.  The avoidance is usually established through injections of lithium 

chloride or another solution that induces sickness in the rat.   Recent research has 

examined whether or not a CTA for a highly palatable tastant will last over time. 

Generalization tests are different because they are a way to measure the similarities 

between different tastants and how the subject compares a tastant against other tastants 

(Spector and Travers, 2005). 

 Discrimination tests are also often used to define and explore the differences 

between stimuli rather than the similarities.  Even though stimuli can be qualitatively 

similar, the animal could discriminate them from each other.  If the animal is not able to 

discriminate between two stimuli, you can assume they are qualitatively identical and 
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share the same qualities.  Usually in discrimination tests, many different concentrations 

are tested so as to cause overlap and broad exposure to high and low concentrations.  One 

important responsibility of the gustatory system in behavioral taste experiments is to 

understand the neural code used to interpret the stimulus.  An overlap occurs in the oral 

stimulation pattern for quinine and sweet tastants (Spector and Travers, 2005).   

The purpose of this paper is to examine the differences in rat taste behavior for 

caloric and non caloric sweeteners.  The differences between these sweeteners have been 

questioned and tested for decades in previous research which will be analyzed throughout 

this papers entirety.  A key area of research today is to examine the specific qualitative 

differences between the tastants which cause rats to perceive them differently.  These 

perceptual differences have been analyzed by considering postingestive feedback and the 

differences in receptors.  The goal is to determine how and why these affective and 

qualitative differences cause the rat to consume different quantities of the test stimulus.   

Caloric Sweeteners 

Preference testing  

In humans, there is a certain and distinct perception for different caloric 

sweeteners including, for example, sucrose, glucose and fructose.  These sugars are 

always reported as a sweet tasting and are known to have higher hedonic values in 

comparison to other tastants, such as quinine or citric acid.  Human taste perceptions can 

be used to help researchers understand the taste perceptions of rats and mice.  It is well 

supported through various methods of experiments and studies that rats prefer sweet 

tastants.  This is something that is well established in the taste behavior research and is 

generally not the topic of concern.  Researchers are constantly looking at variables to 
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further understand why sucrose is such a palatable tastant.  This research usually focuses 

more on how the sweet tastant becomes such a palatable one and whether or not there are 

conditions when the hedonic value of the caloric sweetener would change or even 

decrease.   

To expand further on the effect sucrose has on the taste behavior in rats, it is 

crucial to look at the ways researchers are measuring palatability and the hedonic value 

assigned to various concentrations of different sweet tastes.  A preference is defined by 

the choice of one option because it is more desirable than the alternate choice(s).   It is 

well established that sucrose is preferred to water in 2-bottle preference tests which 

means rats chose sucrose because it has more desirable qualities than the water.  This 

basic knowledge of the taste behavior in rats is the building block for research on sweet 

taste.  Through this well known fact, researchers are able to examine other caloric 

sweeteners and see how they compare and contrast to sucrose, examine the hedonic 

qualities related to sweet taste, and measure the increased consumption of sweet solutions 

with caloric value.  The types of sweet taste chemicals typically used in examining rats’ 

behavior include fructose, polycose and maltose.  Fructose is a primary carbohydrate of 

which sucrose is derived.  Fructose is known to have the most concentrated sweet taste 

within the nutritive sweeteners.  It reportedly can be up to two times as sweet as sucrose 

so less fructose is required to achieve the same sweetness level.  The caloric density is 

assumed to be lower because if fructose replaces sucrose in a solution, fewer calories are 

consumed.  Polycose is a combination of different glucose based polymers that have been 

known to produce a strong preference comparable to sucrose.  This tastant can be 

controlled to have the same taste qualities of sucrose and other calorically dense solutions 
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without providing as many calories as tastants such as fructose and sucrose.  Maltose is 

like polycose in that it is also derived from glucose and has fewer calories than alternate 

nutritive sweeteners.  The sweet taste is reportedly less potent than glucose, fructose, and 

sucrose.  Even though there are many different types of sweeteners, all with different 

caloric values and qualitative properties, there are similarities that can be controlled by 

the density of the solution.  The sweetness can be controlled for each solution and if 

researchers want to use a particular stimulus, it is possible to alter the concentration to 

either increase or decrease the perceived sweetness.  These changes are possible factors 

for altering the hedonic and caloric values for one tastant by using various concentrations.  

When examining rats’ preference for sucrose and other caloric sweeteners, much of the 

research has given reoccurring evidence that sucrose is highly palatable for several 

consistent hypotheses.  There are three main explanations for palatability of sweet 

tastants when using preference tests.  The similarities among the literature give support 

for rats’ preference for sucrose and other nutritive sweeteners in common themes such as 

caloric value, hedonic value, and flavor preference conditioning.  

Caloric value and postingestive effects 

The caloric value obtained and the postingestive effects that occur through 

ingestion of nutritive sweeteners are important factors in the regulation of the food or 

fluid consumption.  Rats are able to regulate the amount of calories consumed based on 

the concentration of the sweetened solution (Sclafani and Xenakis, 1984).  If the rat is 

given free access to the sugar solution, they are able to regulate their consumption to 

maintain their nutrient balance.  If the solution is highly concentrated, the rats will drink 

or eat less because their caloric needs are fulfilled with smaller amounts of fluid or food.  
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If the postingestive effects of a certain solution and concentration are more potent than 

others, the preference for the sweetener changes as well.  This explains why in one-bottle 

testing rats prefer a lower concentration of sucrose over a higher concentration (Sclafani 

2002).  Sclafani proposed that sugar has opposing postingestive effects and thus results in 

two hypotheses explaining why rats would consume less of a highly concentrated sucrose 

solution over a lower concentration of sucrose.  His first hypothesis proposed that the 

postingestive reinforcement was stronger in the lower solution and thus causes an 

increase in intake and preference.  This stronger postingestive effect could be the result of 

a conditioned satiety response to the higher concentration.  The opposing hypothesis is 

that satiation could occur and cause inhibition of intake and preference for the solution 

with the higher concentration.  He replicated the results of a previous experiment by 

Warwick and Weingarten (1996) and found that rats do prefer a low concentration (5%) 

of a sucrose solution over a high concentration (30%) of a sucrose solution.  Examination 

of post-ingestive effects is considered to be a reliable measurement of palatability and 

caloric value.  By consuming a higher concentration of a nutritive sweetener in long term 

testing, the postingestive effects play a bigger role in the overall consumption of the 

solution.  Solutions with a high fat content and high sugar content increase the 

palatability of a solution which causes more weight gain than high fat solutions or high 

sugar solutions on their own (Lucas and Sclafani, 1990).  Rats prefer a sucrose and corn 

oil solution over a plain corn oil solution.  Rats also showed a preference for the sucrose 

and corn oil solution over the saccharin and corn oil solution.  This suggests the calories 

from the sucrose are more significant than the sweet taste alone.  This preference is 

highly reliant on the how the nutritional composition of fat and sugar cause hyperphagia.  
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Adding sugar to the oil increases the caloric value of the solution. This causes an 

enhancement of the solution and results in increased consumption.  The increase in 

consumption is likely to be caused by positive reinforcement of the postingestive effects 

and by taste.  The caloric value is important for increasing consumption but the taste and 

palatability are factors that instantly increase the value of the stimulus.   

The preference for sweet taste is also shown through preference tests involving a 

combination of polysaccharide solutions and sucrose and/or saccharin.  Sclafani and 

Xenakis (1984) published a study that examined this preference of polysaccharide and the 

influence of sweet solutions.  They found that the rats consumed more sucrose than 

polycose and more saccharin combined with polycose than polycose alone.  They also 

consumed more sucrose than saccharin and polycose combined.  The combination of a 

sucrose solution and a saccharin-polycose solution is known to induce weight gain.  

Rationality would insist that since both stimuli cause weight gain, they would both 

increase the caloric intake.  This did not occur and only polycose caused an increase in 

total caloric intake.  This poses the question of whether or not the sucrose really causes 

an increase in total caloric intake.  Polycose and saccharin are said to have an effect of 

polydipsia on rats.  Sclafani, Thompson, and Smith (1998) aimed to analyze the drinking 

patterns in rats to different solutions and how they consume the most amount of fluid.  

They found that rats drank more sucrose and more maltodextrin, a sweet taste like 

sucrose but with less nutritional value, than water and more sucrose plus maltodextrin 

than sucrose or maltodextrin alone.  It is believed that maltodextrin has a complex flavor 

and thus increases the attractiveness of the solution.  This complex flavor could be a 

signal to the rat of the caloric value associated with the taste and the postingestive effects 
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of the solution.  Their experiment questioned why we are still using pure solutions with 

only one tastant if most of the foods in our life are complex and involve many flavors and 

tastes.  The postingestive effects of the complex flavors must include positive 

reinforcement and rewards if the rat is willing to drink the solution and increase their 

consumption of a solution with sucrose, saccharin and maltodextrin combined.   

Following the same theory of increased consumption based on caloric value and 

content, a study by Muscat, et al (1991) was completed that examined the effects of 

raclopride, a dopamine receptor antagonist, on the preference for three concentrations of 

sucrose (0.7, 7 and 34%) and three concentrations of saccharin (0.02, 0.2 and 8%).  This 

experiment found that the rats preferred the highest concentration of sucrose (32%) over 

the highest concentration of saccharin (8%) and the heightened preference for the sucrose 

was assumed to be a result of the raclopride.  The drug decreased consumption of the 

lowest concentration of sucrose and both lower concentrations of saccharin.  The 

raclopride had no effect on the middle concentration of sucrose and the highest 

concentration of saccharin.  Water was used as a control stimulus in which raclopride had 

no effect.  The researchers concluded that the raclopride caused an increase in 

consumption for the highest concentration of sucrose because it made it appear to be less 

sweet.  Therefore, their results support their belief that raclopride increases consumption 

based on the concentration of a sucrose solution because the result is taste dependent and 

not calorie dependent.  The postingestive effects were not altered due to this drug and 

thus did not cause differences in the postingestive qualities of this high concentration of 

sucrose.  Benzodiazepine is another drug that is often used to examine various effects of 

different tastants and taste qualities.  They are known for their influence on palatability 
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and are known to increase the positive qualities of tastants which makes sweet taste 

sweeter and aversive taste less aversive.  Gray and Cooper (1995) used midazolam, a 

water soluble benzodiazepine, to examine the effects and test whether or not it increased 

ingestion of sweet tastes.  The midazolam did significantly increase the consumption of 

sucrose in comparison to quinine.  The drug doubled the sucrose consumption.  Because 

the rats only had 30 seconds of exposure to the stimuli, it is hard to determine whether or 

not the caloric value and postingestive effects played a role in the increased consumption.  

It is clear that the drug increases the ingestion rate and more than likely effects the 

postingestive qualities as well.  It is also important to consider the fact that quinine is 

often considered an aversive stimulus at particular concentrations while sucrose is 

appetitive at most concentrations.  This result is similar to most research in its field 

because it shows that the benzodiazepines increase the consumption of appetitive stimuli.  

This result was also found in a study by Pittman et al (2006) that examined the licking 

responses of rats to various tastants when free fatty acids (FFA) were added.  The FFAs 

used were added to the tastant at levels lower than threshold.  The presence of the FFAs 

only caused an increased licking response to the sweet tastants and not to the other 

tastants.  These results show that the FFAs increased the palatability of the already 

palatable sweet taste.  This is again emphasizing the importance and well developed 

research that has been completed to examine the effects of palatability of sweet tastants.   

Another similarity in human and rat taste is the innate preference and hedonic 

value for sweet taste.  The hedonic value of sucrose is very important to understand when 

examining the effects of sweetened solutions.  Rats consume more of a solution when 

there is a higher hedonic value associated with the taste.  Rats were trained using a high 
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concentration of sucrose (30%) and a low concentration of sucrose (5%) and then tested a 

sucrose concentration in between to record results relating to hedonic value (Sclafani 

2002).  The rats trained with the low concentration consumed more of the test solution 

than the rats trained with the high concentration.  This result can be explained by the fact 

that the hedonic value increased for the low concentration test group and it decreased for 

the high concentration test group.  These results demonstrate a positive correlation 

between the training and test solutions because when the concentration of sucrose was 

increased for testing, the consumption increased as well.  When concentrations were 

lower in testing conditions than in training conditions, the consumption of sucrose 

decreased.  The hedonic value is highly correlated with the test condition the rat was 

exposed to.  Yeomans (1998) defined palatability as the hedonic value that is reliant upon 

sensory factors that are intrinsic and invariant properties of the food.  Although there are 

many different views about a true definition of palatability the constant thread remains 

that there is a qualitative difference between an appetitive and an aversive stimulus that 

causes an animal or a human to increase their consumption.  

In summary, it is clear that the caloric value and hedonic value of solutions are 

inherently important factors on consumption of food or solutions.  The animal is innately 

aware of the need for calories being crucial and the importance of consuming a particular 

amount of fluid or food to meet the necessary caloric intake.  This caloric value is closely 

linked to the postingestive effects because those are the signals that tell the rat if a 

stimulus is safe and nutritious.  Typically the postingestive effects are factored into the 

discussion if the testing session is long enough for the effect to take place.  The caloric 
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value and postingestive effects are both factors that play a crucial role in the consumption 

of nutritious and caloric sweeteners.   

Learned flavor preference 

 Another measure of preference of tastants relies on learned flavor preferences 

which are established through flavor conditioning.  Preferences and aversions are plastic 

and can be controlled and learned so that they change throughout time.  Flavor-nutrient 

conditioning has gained recent attention for the robust behavioral changes it causes and 

the influence it has on the ability for rats to regulate their caloric intake (Myers and 

Sclafani, 2006).   

When a flavor is learned and an association has been established about the 

positive qualities within that flavor, research can be conducted to examine certain 

measurable characteristics of the tastant. Warwick and Weingarten (1994) completed an 

experiment that assessed the independent effects of palatability and of calories in the 

learned flavor preference.  They used two solutions with equal palatability, as measured 

with sham feeding, but different caloric value.  The first experiment used two bottle 

testing in which one option always had 1% glucose plus 0.125% saccharin and the other 

option contained 1%, 4%, 8%, 12% or 16% glucose.  The glucose/saccharin mixture was 

the same solutions tested in the sham feeding prior to the beginning of the experiment.  In 

a second part of the experiment, the rats were trained with either 6% glucose or the above 

glucose/ saccharin mixture along with either grape or cherry Kool-aid.  As predicted, the 

rats established a preference for the flavor paired with the higher caloric solution with 

equal palatability.  In a second experiment, the researchers combined the Kool-aid with a 

20% glucose solution or 20% glucose plus 0.4% citric acid during conditioning trials.  
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This experiment confirms previous research that says a flavor paired with a palatable 

stimulus is consistently established.  The conclusion from this study was that if rats are 

ingesting equally palatable solutions, the preference will be the solution containing the 

higher caloric value.  The second conclusion from this experiment was that the ingestion 

of two solutions that have equal caloric value, the learned flavor preference will be for 

the solution that is more palatable.  Two key ideas from this study are that learned flavor 

preferences seem to be based on the caloric value and based on palatability of the 

solutions.  If both of those variables, caloric value and palatability, were to be equal, 

there would not be a learned flavor preference.   

Rats have shown a preference for glucose-based carbohydrates over fructose-

based carbohydrates. Sclafani and Ackroff (1994) presented food-deprived rats with 

various flavors which were mixed in with either fructose or glucose.  The same flavor 

was presented after mixing it with a saccharin solution.  The rats greatly preferred the 

flavors associated with glucose and fructose solutions over the flavors paired with 

saccharin solutions.  When there was a 10 minute delayed flavor presentation, the 

fructose solution did not result in a conditioned flavor preference.  This unattained flavor 

preference when fructose was delayed signifies that fructose was not as potent as glucose.  

The delay did not cause a flavor preference because the postingestive effects were not 

strong enough to elicit a flavor preference.  This can be explained by the belief that there 

were no influential postingestive effects and thus the ingestion was based primarily on 

taste.  The fructose conditioning must be based on palatability rather than postingestive 

effects if the conditioned preference does not occur when there is a delay.  This 

observation supports their conclusion that glucose has more potent postingestive effects 
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than fructose which follows the common knowledge that glucose based carbohydrates are 

preferable over fructose based carbohydrates.  Forestell and LoLordo (2003) looked at 

the effect of flavor preference conditioning on palatability.  Their research found that 

even after acquiring a flavor preference, the rats may not show an increase in palatability 

to the stimulus.   

Preference testing has been the method of testing used for many decades now.  

The end result is generally what researchers want to find, whether rats can discriminate 

between stimuli or if generalization occurs.  This method of testing shows that there are 

different values associated with various concentrations of sweet tastants.  The fact that 

rats prefer sweet tastants is not the concern for most researchers.  The important point is 

to examine in depth the reasoning behind the obvious palatability.  The components 

involving palatability, hedonic value, caloric value and postingestive effects are all 

extremely important hypotheses to consider when conducting rat taste behavior research.  

The preference for any given tastant can be altered by changing properties of the stimulus 

such as concentration, caloric value, and palatability.  The changes different researchers 

make in their independent research experiments have developed a wide range of reasons 

as to why nutritive sweet tastants remain palatable and desired across many situations.   

Discrimination Testing 

 Discrimination is often defined as observing a difference or making an accurate 

distinction.  Following the current research, discrimination testing involves rats making 

distinct and motivated decisions to consume one flavor or taste over another.  For our 

purposes, discrimination tasks usually involve measuring and examining the differences 

in consumption between 2 different stimuli.  This method of research can demonstrate 



Richardson 18

important features of taste quality including palatability, hedonic value and caloric 

satiety.  The primary goal of discrimination testing is to see if there are specific and 

distinct qualities for certain tastants or are the qualities generalized across aversive and 

non-aversive stimuli.  Caloric satiety and the ability for the rat to estimate the value of a 

stimulus are important factors that influence generalization across different tastants.    

Caloric satiety, influence and predictability   

 Like changes in preference, discrimination tests focus on the predictability of the 

caloric value for a particular tastant.  Rats are able to predict the caloric and nutrient 

value of a stimulus and thus gauge their interest in the solution or food.  When satiety 

occurs in tastant discrimination tests the rat eats or drinks appetitive stimuli so much that 

the appetitive qualities decrease.  As the exposure to appetitive stimuli increases, the 

palatability of the sweeteners decreases.  Overexposure effects both sensory-specific 

satiety and non-specific satiety (McCaughey, 2008).  Sensory-specific satiety occurs 

when the palatability of one food decreases after consuming large amounts of it and the 

palatability of other foods increase.  Satiety also effects the neural responses of sugars 

and causes a decrease in their firing response.  This causes an overall reduction in licking 

rates for the sugars towards the end of a meal (McCaughey, 2008).  Alliesthesia, a term 

coined by Cabanac in 1971, describes the change in the affective perception of a stimulus 

caused by fluctuations in the physiological state of the perceiver (Berridge, 1991).  This 

change in the affective perception is the key component involved when satiation occurs.  

Sugars are considered to be the most palatable tastants and even in excess become 

satiated when there is overexposure to the stimulus.   
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The satiation of a particular stimulus causes a decrease in the hedonic value of 

that stimulus.  If a tastant has been overexposed, the human or animal no longer 

associates highly palatable rewards with the tastant.  The concept of hedonic value has 

been examined for many years.  Berridge (1991) conducted a study to examine the 

different taste reactivity measures used to discriminate changes in tastants with various 

caloric depletion and satiation conditions.  When rats were calorie deprived, the hedonic 

value was enhanced above normal levels.  The hedonic value was reduced when the rats 

were exposed to caloric satiety which demonstrates the effect of satiation on 

consumption.  Changes in the way the rats perceived food were evident and caused by 

hunger, caloric satiety and value, and sensory-specific satiety.  The hedonic value of 

sweetness changed only with 48-hour food deprivation and not 24-hour food deprivation.  

The value of nutrients found in sugar and other caloric sweeteners helps maintain 

particular functions of the animal and human body that are reliant on caloric intake.   

One of the primary functions reliant of caloric intake is energy regulation.  

Because this function is reliant upon calories, it has recently been tested to see what has 

happened to how our bodies react to artificial and non-nutritive sweeteners.  By 

consuming non-caloric sweeteners, an impairment of energy regulation occurs and causes 

problems with weight gain.  Swithers and Davidson (2008) used sweetened and plain 

yogurt to examine the effects of nutritive and non-nutritive sweeteners.  They 

hypothesized that rats use sweet taste to predict the caloric content of food.  If a non-

caloric sweetener is used instead of a caloric sweetener, the rats would be unable to 

monitor and control their intake of the yogurt thus increasing the amount they ingest.  

During training the rats were all given low-fat plain yogurt for 3 out of 6 days.  On the 
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other 3 days, half were given yogurt sweetened with 20% glucose (sweet predictive 

group) and half were given yogurt sweetened with 0.3% saccharin (sweet nonpredicitive 

group).  As expected the sweet nonpredicitive group was unable to regulate the calories 

they consumed while eating the yogurt and consumed more calories than the sweet 

predictive group as a result.  This demonstrates that the rats in the sweet predictive group 

received the higher calorie yogurt but were better able to monitor their consumption.  The 

sweet component of foods and solutions is an innate regulator of how much rats will 

consume of the given stimulus. 

Shift in palatability 

 A shift in palatability can occur through a successive negative contrast (SNC) 

effect because the stimulus suddenly decreases in palatability and causes the rats to 

consume the test stimulus at levels lower than the control stimulus.  A palatability shift 

can also occur because of a decrease in the ability for the rat to discriminate between 

stimuli therefore not recognizing the palatability for a specific stimulus.   

 One way to measure discrimination between flavors is to see if there can be a 

controlled palatability shift.  This shift would show there was discrimination between the 

stimuli that are changing.  A palatability shift could also indicate there is discrimination 

because the rat is able to distinguish between different concentrations or tastants and 

change their preference based on the qualities of the tastant.  Mitchell and Flaherty 

(2005) completed a study to examine whether or not a palatability shift occurred slower 

for a highly palatable solution compared to a less palatable solution.  They also examined 

whether the hedonic value dictated the properties that influence ingestion by looking at 

whether or not the rat drank more or less based on the qualities of the stimulus.  They 
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found that consistent results with previous research that removing the saccharin from a 

highly palatable glucose plus saccharin mixture produced a robust SNC effect.  This 

demonstrates that the properties of the solution heavily influence ingestion.  Another 

interesting finding from this study is that the rats did not recover in their consumption 

rates.  After a recovery period, the consumption of the altered solution generally goes 

back up after a couple trials but surprisingly this did not occur when the saccharin was 

removed from the original solution.  This could mean that the postingestive effects never 

reached a required threshold for caloric requirements that would have allowed the 

consumption rates to again rise to the original levels.  When glucose was removed from 

the solution in a second experiment, a SNC effect did not occur.  The concentration of 

glucose used in this experiment could have been too low to influence postingestive 

factors and not considered to be highly palatable.  This provides support that glucose and 

saccharin are not equal sweeteners and do not contribute equally to a glucose plus 

saccharin mixture.  The rats’ consumption was based on their discrimination between 

stimuli when the glucose was absent and when the saccharin was absent.  Palatable foods 

are known to stimulate neurochemicals because of their rewarding qualities.  Brown et al 

(2008) tested the effects of palatable foods on the amount of activity the rats initiated.  

High calorie sweeteners with high fat reduced the amount of activity the rats participated 

in.  The sucrose and saccharin added to a high fat diet drastically increased the caloric 

intake because the sweet taste is so innately pleasurable.  Their results conclude that a 

palatability shift and an activity level shift occurs when a rat is exposed to different 

tastants during a test session involving exercise.  



Richardson 22

 Humans report the taste of monosodium glutamate (MSG) as umami while rats 

are believed to perceive MSG as sweet.  Through further examination, it is seen that 

humans perceive a qualitative difference between MSG and sweet tastants thus having 

the ability to discriminate between the stimuli.  Rats perceive a stimulus similarity 

between MSG and sweet tastants.  This assumption is supported through research 

examining conditioned taste aversions (CTA) where a cross generalization occurs and 

between MSG and sucrose.  Heyer et al (2004) tested this theory and analyzed if rats are 

able to discriminate between sweet taste and MSG or if a generalization occurs.  They 

found that sucrose, glucose and saccharin were easily discriminated from MSG.  Their 

data did not support the previous findings that a generalization occurs between MSG and 

sweet tastes.  This poses questions about the similarity between natural and artificial 

sweets and the receptors involved in their perception.  A constant question is if the 

similarity between sweets is due to similar receptors or a generalization between the 

receptors.   

Conditioned Taste Aversion 

 The preference for sweeteners can be reduced by pairing it with illness and 

causing the rat to form an aversion.  The sweeteners lose some of their normal properties 

and are perceived as aversive.  The sweeteners do not become aversive like quinine or 

citric acid but they do acquire the same aversive properties and cause similar aversive 

behaviors (McCaughey, 2008).  This means that the properties of the stimuli are not 

changing but the perception of the sweeteners change due to changes in the conditions 

that they are presented. 
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It is also important to know the normal behavioral responses that rats elicit to 

various gustatory stimuli so that when a CTA is tested, the abnormal and aversive 

behavior can be analyzed and examined.  Cabanac and Lafrance (1992) examined the 

behavioral changes when rats were given a gastric load of glucose, oil, and proteins 

which were followed by alliesthesia that induced aversive responses and behaviors.  The 

rats were food deprived and given a gastric load of glucose, proteins, or oil that were 

directly injected into the stomach.  This made sure there were no other factors causing the 

results, such as satiety.  At first, the rats demonstrated normal ingestive behavior until 

after the load in which their responses became negative.  Even a highly palatable sweet 

solution can produce aversive behavioral responses when it is paired with a highly 

concentrated gastric load.  MSG again is involved in CTA because if an aversion is 

conditioned to MSG it could be generalized to sucrose.  The MSG is mixed with 

amiloride which blocks the recognition of salt taste and only leaves the sweet taste within 

umami.  Heyer et al (2003) completed an experiment to examine the generalization 

between MSG and various sweet stimuli.  A strong generalization occurred between 

MSG mixed with amiloride and sucrose, glucose, saccharin and a weak generalization 

was seen between MSG without amiloride and sucrose and maltose.  This experiment 

concluded that there must be similar convergence of afferent signals for MSG and natural 

and artificial sweeteners.   

Non-Caloric Sweeteners 

 There has been an increased interest in calorie free sweeteners in the past decades 

because of their popularity in diet foods and drinks.  Consumption for sweeteners such as 

sucrose and glucose was controlled by caloric value, postingestive effects, hedonic value, 
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learned preferences, and palatability.  Rats are able to control their total amount of 

calories consumed regardless of the concentration of the solution.  Non-caloric 

sweeteners are not as easily controlled and monitored.  Consumption of substances such 

as saccharin should not be influenced by postingestive effects because they do not 

contain any calories and do not have any nutritional value.  The long term consumption 

should not be based on the concentration of the solution.   

Preference tests 

 Many experiments have been conducted to examine the differences in preference 

for sucrose versus saccharin.  Microstructure analysis can be used to look at how 

saccharin is consumed versus how sucrose is consumed.  Important research questions 

approach the topics of satiety without calories and other factors that increase or decrease 

the consumption of nutritive sweeteners.  There are stimulus specific goals for the 

research examining the preference for saccharin and other non-caloric sweeteners. 

Collier and Novell (1967) completed what is considered pioneer research in 

preference testing of saccharin versus sucrose.  They found that the volume consumed 

was a function of concentration.  As the concentration of a saccharin solution increased, 

the consumption of that solution decreased.  There was a concentration of about 0.1% to 

0.3% that resulted in maximal licking and meal size.  The meal size also increased as the 

concentration increased to and not including 0.9% which is believed to be aversive to 

rats.  The results are similar for those found for sucrose but when compared to sucrose, 

the rats drank more of the sucrose solution than of the saccharin solution.  This 

preference suggests there is a qualitative difference for sucrose in comparison to 

saccharin.  They figured there must be some other physiological consequences that 
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encourage and increase consumption in a single choice saccharin situation.  The details of 

eating and drinking behavior are often observed in long-term 2-bolttle preference tests 

using water and saccharin or sucrose (Smith 2000).  Smith found that intake for saccharin 

produced an inverted U-shaped curve which demonstrates that at high concentrations the 

rats found the solution to be aversive and avoided it completely at the highest 

concentration.  As the concentration of the saccharin solution increased and became more 

aversive, the rats began to consume more water over the sweet solution.  This increased 

consumption of water is a major difference between caloric and non-caloric sweeteners 

because this would not occur with high concentrations of sucrose.  This means that as the 

concentration of sucrose increased, the rats would not quit drinking it because it is still 

palatable.  The high concentrations of saccharin become aversive and the rats would 

prefer water over the bitter, highly concentrated saccharin solution.     

 Like the polydipsia caused by a glucose plus saccharin mixture, polycose plus 

saccharin also produce a similar polydipsia effect.  Polycose is unique because it masks 

the bitterness within a highly concentrated saccharin solution.  Sclafani, Thompson and 

Smith (1998) analyzed the drinking patterns across various tastants and how they effect 

the bout size and frequency.  They found that by adding saccharin to an already highly 

palatable maltodextrin and sucrose solution caused the rats to consume even higher 

quantities of the solution.  This increased consumption could be caused because sucrose 

masks the bitterness of the highly concentrated saccharin solution.  The complexity, 

caused by adding sucrose to the saccharin mixture, of the solution causes an increase in 

palatability.   
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Alcohol research is another area that has been linked to preferences for non-

caloric sweeteners.  Preferences for ethanol have been examined in addition to 

preferences for the five tastants primarily studied.  Ethanol is another substance that has 

recorded complex gustatory qualities because rats have been reported to be able to 

generalize the taste of ethanol to a mixture of sweet and bitter solutions (Goodwin and 

Amit 2000).  Another finding within the field of ethanol research is that the rat’s 

preference for sweet solutions could be linked with the amount of ethanol consumed.  

Goodwin and Amit (2000) examined the differences of different breeds of rats and used 

fluid intake to measure the sensitivity of different breeds to different tastants.   They 

found that rats bred to be ethanol preferring had the highest consumption of saccharin and 

quinine.  This can be generalized to the current paper because the type of rat being tested 

can play an important role in their preference for different tastants. 

Other than breeding and adding or removing tastants, inducing physical stress is 

yet another way to test a rat’s preference for different tastants.  A question many 

researchers are looking to answer is whether or not physical stress can cause a decrease in 

the rat’s sensitivity to a sweet stimulus.  This is a question Pijlman et al (2003) wanted to 

test in their experiment investigating the rats’ reaction to stress using positive and 

rewarding sweet stimuli.  The rats exposed to physical stress showed a significant 

decrease in consumption in comparison to the control group.  The rats exposed to 

emotional stress consumed and preferred more saccharin solution than water.  A 

significant interaction was found for the physical and emotional stress groups 

demonstrating that different types of stress causes changes in preference and 

consumption of highly palatable sweet solution.  While emotional stress seems to cause 
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an increase in sensitivity, rats and humans alike could seek out palatable tastes and 

comfort found through the ingestion of stimuli such as sweets because their properties are 

more rewarding and more preferred than other tastants such as salt, bitter or sour.  

Rats can also be selectively bred for high or low aspartame preference which is 

similar to ethanol bred preference and stress induced preference rats.  This change in 

breeding techniques can cause alterations in preference testing for similar stimuli.  

Aspartame is a non-caloric sweetener with reported sweet taste by humans similar to that 

of sucrose and saccharin.  This sweet taste is not supported in research conducted on rat 

taste behavior.  Their preference for the aspartame at low concentrations is similar to 

their consumption of water and is much lower than consumption for sucrose and 

saccharin.  De Francisco and Dess (1998) examined whether the strain of rats, high or 

low saccharin preferring, elicited a change in the preference and consumption of 

solutions containing aspartame.  The strains were tested with different caloric and non-

caloric solutions in which the amount consumed varied depending on which solution was 

the test stimulus.  When tested with only non-caloric sweet taste, both strains showed a 

high preference for aspartame which suggests that even among rats bred for sweet taste, 

the solution was not perceived as sweet or even good because there would have been 

differences within the strains.  Many other experiments have examined the effects and 

preference for aspartame and found similar results concluding that aspartame is not 

perceived as a sweet taste to rats.  Sclafani and Abrams (1986) found that rats failed to 

prefer aspartame over water even with high concentrations that humans reported as 

sweet.  These findings are probably in line with the fact that the saccharin was perceived 

as aversive because of the bitter component that humans do not recognize. 
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Sucralose is another sweetener that has been increasingly popular and tested more 

in the past few years.  This non-caloric sweetener is derived from sugar and is reported 

by humans to have a sweet taste without the bitterness after consumption.  When 

sucralose consumption was compared to saccharin consumption, it was observed that the 

rats drank more saccharin solution than sucralose solution.  Saccharin increased 

consumption in comparison to plain water while sucralose did not.  In 2-bottle preference 

tests, rats show little to no preference of sucralose to water but a high preference of 

saccharin over water and saccharin over sucralose.  The rats also preferred a mixture of 

saccharin and sucralose over sucralose alone.  This research could be explained by the 

idea that the different sweeteners stimulate different taste receptors (Sclafani and Clare 

2004).  Most rats did not prefer the sweetener and avoided it in some cases.  These results 

could signal that sucralose does have an aftertaste in rats and not humans.  Another 

experiment by Bello and Hajnal (2005) examined the preference for different 

concentrations of sucralose versus water.  The rats did not show a preference for the low 

concentrations of sucralose versus water and demonstrated avoidance of the high 

concentrations.  This is evidence that even though many taste qualities and behaviors are 

similar in rats and humans, rats do not prefer sucralose and find it aversive at the higher 

levels.  These experiments show that as of now, sucralose is not going to be considered to 

replace saccharin in future research examining non-nutritive sweeteners. 

Preference tests have shown that the dominant non-nutritive sweetener for most 

research today is saccharin.  The preference for non-nutritive sweeteners is generally 

tested between saccharin and sucrose.  An interesting component to examine involves 

why nutritive sweeteners are preferred over non-nutritive sweeteners and if this 
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preference is always present.  What the research has found is that rats will consume more 

solutions in some cases that contain the lower amount of calories but end up consuming 

more calories because of an increase in overall consumption.  These findings have altered 

the way researchers consider a rat’s ability to monitor and control calorie intake and total 

consumption within a test period.  As diets and sugar-free products are becoming more 

and more popular in today’s world, this research is important for discovering new 

preferences or the reasoning behind established preferences. 

Discrimination testing 

 The discrimination tests are used to examine independent solutions and then how 

they compare to other solutions.  If a rat can discriminate between two stimuli, there must 

be qualities of the preferred stimulus that make it different from the alternate choice.  The 

primary purpose of these tests is to examine the determining and driving factors of 

different stimuli.  Usually the discrimination ability of rats is analyzed when using caloric 

versus non-caloric sweeteners.  This is important because you want to know how well 

and at what concentrations rats can discriminate one sweetener from another.   

Glucose plus saccharin mixtures have been closely tested and researchers test 

what will happen to solutions like this when one of the primary components is removed.  

Mitchell and Flaherty (2005) believed the palatability shifts slower for a glucose plus 

saccharin mixture to just a saccharin solution in comparison to just a glucose solution.  

They also proposed that lower hedonic value for a stimulus is enough to influence 

ingestion rates.  Removing the saccharin from a glucose plus saccharin mixture left only 

the glucose component and caused a robust change in ingestion rates.  After the saccharin 

was removed, the consumption of glucose alone did not reach the levels of consumption 
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for the glucose plus saccharin mixture.  This recovery could have been hindered because 

the concentration of the solution for glucose alone did not come close to the sweetness 

used in the mixture of glucose and saccharin.  This result shows the importance of 

saccharin in the highly palatable mixture because ingestion rates decrease when the 

saccharin is removed.  It can be concluded through this research that saccharin has a 

higher hedonic value than glucose.   

 An increase in the qualitative value saccharin over other sweeteners in some 

situations could be a signal that saccharin is found to be more palatable than other 

sweeteners.  The palatability of food is based on the internal signals and the effect of 

feeding behavior.  Hedonic value for foods comes from the qualities perceived by the rat.  

Rats tend to assume, like humans, that sweet qualities mean the substance is rewarding 

and contains higher calories (Ishii et al 2003).   The palatability of saccharin is a focus in 

most non-nutritive sweetener research because it is interesting to consider what happens 

when a sweetener does not have any calories to control and monitor amount of intake.    

Ishii et al (2003) compared the predictability of feeding behavior in normal food and food 

that has been “taste-adulterated” with either saccharin or quinine.  When the diet was 

over 80% water and saccharin was added, hyperphagia occurred but the consumption was 

still lower than the average consumption of saccharin solutions.  This could be explained 

by saying that the high percentage of water decreased or diluted the palatability of the 

altered diet with added saccharin.   

Palatability for caloric sweeteners usually involves predictions of rewarding 

postingestive effects which cannot be assumed for non-caloric sweeteners.  As can be 

seen in most non-nutritive sweetener research, caloric sweeteners are often used to 
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compare effects of the calories and palatability in comparison to the nutritive sweeteners.  

Ackroff and Sclafani (2004) explored the effects of several variables that alter the 

response to fructose, a caloric sweetener.  The rats were trained with a particular flavor 

and received intragastric infusions of other flavors.  When the conditioned and infused 

solutions were both sweets, the response was increased.  The infusions caused significant 

flavor preferences for rats trained with saccharin as a training flavor.  The saccharin was 

used to create conditioned flavor preferences possibly because even though saccharin is 

sweet and palatable, the fructose has an innate strong flavor preference.   

 Another non-caloric sweetener that has recently been tested for qualities and 

discrimination from other sweeteners is called Neotame.  It is a new high intensity 

sweetener that is reported to be 7,000 to 13,000 times sweeter than sucrose.  It is so 

strong that only a tiny amount is needed to equal the sweet taste of other caloric and non-

caloric sweeteners.  Flamm et al (2003) have examined the effects of neotame, sucralose, 

saccharin and a control over a long period of time and predicted that as food consumption 

remained stable, body weight would increase because of the high intensity sweeteners.  

The results signaled that higher intensity sweeteners caused an increase in body weight 

even when food consumption remained the same.  Research shows that sweeteners have 

some effect on weight gain even if the consumption properties are not altered.  Brush 

cells could be imitating the taste bud cells and causing a similar mechanism that is 

located in the taste bud cells to sense sugar.  Sweet taste of caloric and non-caloric 

sweeteners are recognized through the taste buds and cause bitter and sweet receptors 

along with G-proteins to cause an increase in the intracellular calcium concentration 

(Mace et al 2007).  When Mace et al tested to see if the intracellular calcium 
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concentration increased they found that artificial sweeteners increased the glucose 

absorption which parallels an increase in calcium concentration.  An increase in 

intracellular calcium concentration causes a neurotransmitter release which is a step in 

taste transduction mechanism.  Non-caloric sweeteners have allowed us to discover the 

nutritional activity they signal during a meal to increase sugar absorption. 

 Discrimination tests are important for non-nutritive sweeteners because 

researchers conduct experiments to examine what makes the two types of sweeteners 

qualitatively different from one another.  The concentration of the sweetener and the 

caloric value are often important factors in the discrimination process.  Non-nutritive 

sweeteners such as saccharin have been added to many caloric sweeteners, such as 

glucose, to see what the effects of the highly palatable solution are on taste behavior.  

Rats are able to discriminate between caloric and non-caloric sweeteners.  Research has 

also demonstrated that the rats will consume more calories within a diet sweetened with a 

non-nutritive sweetener.  This shows that nutritive sweeteners have a control over the 

caloric intake for different stimuli in comparison to non-nutritive sweeteners.   

Discussion 

  From all the experiments that examine the differences and similarities between 

caloric and non-caloric sweeteners, there are certain preferences that separate the various 

tastants from each other.  When examining rats’ preference for sucrose and other caloric 

sweeteners, it is obvious and well-supported that sucrose is highly palatable.  The 

similarities among the literature give support for rats’ preference for sucrose and other 

nutritive sweeteners in common themes such as caloric value, hedonic value, and flavor 

preference conditioning. The caloric value of solutions is a key difference between 
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caloric and non-caloric sweeteners and it plays an important role on consumption of a test 

solution.  Much of the research completed with caloric sweeteners has supported the idea 

that the animal innately knows the need for calories and bases their consumption of a 

particular solution to meet the necessary caloric intake.  This is something that is no 

longer a factor for non-caloric sweeteners but still produces interesting results.  Even 

though the solution is sweetened with a calorie-free sweetener, in some situations the rat 

consumes more calories because they consume a larger amount of the solution or food as 

a whole.  This is evidence supporting the hypothesis that calories are a mediator and 

control for how much of a test stimulus a rat will consume.   

The caloric value is closely linked to postingestive effects because they are the 

signals that tell the rat if a stimulus is safe and nutritious.  Typically the postingestive 

effects are factored into the discussion if the testing session is long enough for the effect 

to take place.  The caloric value and postingestive effects are both factors that play a 

crucial role in the consumption of nutritious and caloric sweeteners.  Non-caloric 

sweeteners are not as easily controlled and monitored.  Consumption of substances such 

as saccharin is not primarily regulated by postingestive effects because they do not 

contain any calories and do not have any nutritional value.   

Preference testing has been the method of testing used for many decades and 

focuses on whether rats discriminate between stimuli or if generalization occurs.  

Different affective and qualitative values are associated with various concentrations of 

sweet tastants.  It is well researched and well-known that rats prefer sweet tastants over 

other tastants but the reasoning behind the obvious palatability is the driving force to 

much of the taste research executed today.  This poses questions about the similarity 
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between natural and artificial sweets and the receptors involved in their perception.  A 

constant question is if the similarity between sweets is due to similar receptors or a 

generalization between the receptors.  Although there is no clear cut answer, there is an 

over all preference for caloric sweeteners over non-caloric sweeteners in most cases.  

Nothing is ever always true and thus the research and knowledge about the sweet taste 

behaviors of rat’s changes constantly over time.  

Discrimination tests are important for comparing nutritive and non-nutritive 

sweeteners because researchers want to examine what makes the two types of sweeteners 

qualitatively different from one another.  The concentration of the sweetener and the 

properties of the sweetener are often important factors in the ability for a rat to 

discriminate between the sweet stimuli.  Non-caloric sweeteners are often combined with 

caloric sweeteners to analyze the effects of a highly palatable solution on rat taste 

behavior.  Overall, the research in this field has found that rats can easily discriminate 

between caloric and non-caloric sweeteners.   

This literature review is intended to examine the differences and similarities 

between caloric and non-caloric sweeteners across an array of methodologies. The goal is 

to determine how and why affective and qualitative differences cause the rat to consume 

different quantities of the test stimulus.   There have been several decades of research in 

which the properties of individual sweeteners have been questioned and tested.  The 

primary goal is to pinpoint the qualitative differences between sweeteners that contain 

calories and sweeteners that are calorie free.  The properties that enable the stimulus to 

elicit an aversive or appetitive response is the driving force in much of rat taste research 

today.  Sweet taste is the most researched and well developed research field in regard to 
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the five tastants.  This field is so dominant because it is such a factor in our lives today.  

People seek out drinks and foods that are pleasant tasting and sweet tastants have close to 

the highest hedonic value.  In the world of diet fads and new calorie-free options, the 

research will continue to grow to find better or alternate options for providing a sweet 

tastant to people around the world.    
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