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Humans make food choices based on pleasure and emotion through olfaction. 

Innate responses to basic tastes and the ability to learn dictate food preference. 

However, evidence of conditioning a flavor in humans is unclear. The main objective of 

this study was to investigate mechanisms responsible for positive flavor learning. 

Participants rated five singularly-flavored 5% sugar solutions and one of two 

singularly-flavored ice cream samples in two separate studies. Participants from each 

study were assigned either to guava-flavored ice cream or lychee-flavored ice cream. 

Participants provided hedonic ratings of all flavored solutions before and after ice cream 

exposure. Study one consisted of one exposure to the ice cream, while Study two 

consisted of three exposures. A two-way Analysis of Variance was performed to 

compare the pre- and post-ratings of the lychee- or guava-flavored solution for the 

lychee and guava participants, respectively. We hoped to see significant increases in 

ratings of the lychee solution for lychee participants and in ratings of the guava solution 

for guava participants. 

Results show increased hedonic ratings for both lychee- and guava-flavored 

solutions after ice cream exposure, though no significant increases (α=0.05) were 



 

14 

observed. For Study one a near-significant increase in ratings for the guava solution of 

the guava group was observed (p=0.0548). Results were consistent between both 

studies. These studies suggest repeated ice cream exposures may be necessary. 

Additionally, hunger and food matrix may be driving factors for flavor liking. Food choice 

can be better understood with a broader knowledge of flavor learning and positive 

reinforcement. 
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CHAPTER 1 
INTRODUCTION 

Consumption of reliable, safe, and energy-rich foods generates either positive or 

negative food responses. From birth, humans respond positively or negatively to the 

basic tastes due to genetic predispositions (Shepherd 2006; Adler and others 2000; 

Yeomans 2008; Drewnowski 1997; Sclafani 1997; Birch 1999; Myers and Sclafani 

2006). Taste describes the pure gustatory properties sweet, salty, sour, and bitter 

(Rozin 1982; Adler and others 2000; Shepherd 2006). Sweet is preferred while bitter 

and sour are avoided. Innate preferences such as these can change throughout life due 

to learning. For instance, humans learn to like the bitter taste from caffeine and 

alcoholic beverages. This plasticity in food preference is dictated by the consequences 

of consuming food. Consequences can be positive or negative, and repeated 

associations of food sensory cues with postingestive signals can produce positive or 

negative learned preferences (Myers and Sclafani 2006). This production of positive or 

negative learning preferences through the consequential consumption of food is 

referred to as conditioning. The ability to condition a positive preference in humans is of 

particular interest for understanding learned food preferences. Although extensively 

studied in animal subjects, there are limited studies of positive conditioning of food 

preferences in human subjects. In this study, two flavor systems were evaluated for 

overall liking before and after exposure to an ice cream sample flavored with one of the 

two flavor systems. Ratings of the flavor systems before and after ice cream exposure 

were compared to determine if an increase in overall liking occurred. 

The ability of humans to learn food preferences stems from making food choices 

based on pleasure and emotion. The overall sensory experience involves the 
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combination of taste, touch, smell, vision, and sound. Retronasal olfaction results from 

the detection of odor molecules released from food. During mastication, a food matrix is 

broken down resulting in the subsequent release of odor molecules (Shepherd 2005). 

The release of these volatiles in the back of the mouth and throat results in retronasal 

olfaction. Flavor results from the combination of taste and retronasal olfaction. The 

functions of the human olfactory system therefore dictate what is considered 

pleasurable. Additionally, food choices and preferences are influenced by innate 

responses to basic tastes and our ability to learn. 

 It has been hypothesized that the overall liking for a single flavor can be 

increased in human subjects through the pairing of that flavor with an innately positive 

reinforcing food matrix (eg. sweet and energy dense). Additionally, flavors not paired 

with a positive reinforcing food matrix should remain unchanged in level of overall liking.  

It is hoped that sensory scientists and taste psychophysicists can benefit from 

the results of this study. Human food choice and preference can be better understood 

with a broader knowledge of the mechanisms of flavor learning and positive 

reinforcement during food consumption. Further sensory-related research is necessary 

to understand whether negative conditioning for food preferences occurs similarly to 

positive conditioning. Retronasal olfaction is influential on the enjoyment of food and the 

pleasure derived from it (Rozin 1982). Human food choices are based on pleasure and 

emotion and the positive associations created through conditioning are therefore 

important to dictating preference and overall likability. Influences on food preference 

may play a role in consumer acceptability. Additionally, the food industry may benefit 
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from better understanding our innate responses to basic tastes and the influence of 

postingestive effects of nutrients in relation to flavors. 

The main objective of this study was to investigate how humans learn to like 

flavors through positive flavor learning. Despite the clear findings of animal studies, 

evidence of conditioning a flavor preference in humans is less reliable owing to very few 

studies conducted. Results of this study could support a positive relationship between 

the pairing of a flavor with a positively perceived food matrix and the increased liking of 

that flavor, which would provide further understanding of positive food learning and 

preference in humans. 
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CHAPTER 2 
LITERATURE REVIEW 

Flavor Perception 

For humans, the consumption of food is unique. The combination of taste, touch, 

smell, vision, and sound provide for a complex experience. Flavor is a term used to 

describe the sensation experienced when consuming a food. As a descriptor in the 

English language, flavor denotes the combination of mouth and olfactory sensations 

during food consumption (Rozin 1982). Flavor is influenced by many aspects during 

mastication, including taste, retronasal olfaction, somatosensation, trigeminal senses, 

tactile response, and appearance (Shepherd 2004; Auvray and Spence 2008). 

Occasionally, additional attributes of a food can influence its perceived flavor. For 

instance, smell sensed through orthonasal olfaction may influence how a person feels 

about a flavor. During mastication, a food is broken down and changes in texture occur. 

This change in texture results in the release of odorants in the mouth which are sensed 

retronasally. The surfaces of the mouth sense texture, while the trigeminal senses 

detect any temperature changes present. The trigeminal system provides information 

concerning chemical irritation, temperature, texture, and consistency (Auvray and 

Spence 2008). Additionally, the tongue detects the basic tastes sweet, salty, sour, and 

bitter. 

Taste Perception 

Differing from flavor, taste is the perceptual description for only the pure 

gustatory properties sweet, salty, sour, and bitter (Rozin 1982; Adler and others 2000; 

Shepherd 2006). Taste combined with the retronasal perception of odor results in the 

creation of basic flavor perception. It is thought mammals taste many compounds but 
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only distinguish between several taste modalities, the basic tastes mentioned 

previously. Taste buds are the anatomical structures which contain receptors for 

mediating our sense of smell. Located throughout the tongue, taste buds contain a 

small opening called a taste pore. From the taste pore protrude microvilli, which arise 

from individual taste cells (Nelson 1998). Each taste bud contains a range of taste 

receptor cells, which aid in the detection of taste molecules. Taste provides essential 

information for sensory evaluation of foods, most importantly for the responses evoked 

during consumption. Taste stimuli elicit responses indicative of aversion (bitter) or 

attraction (sweet), which lead to pleasure (Drewnowski 1997; Sclafani 1997; Birch 1999; 

Adler and others 2000; Myers and Sclafani 2006; Shepherd 2006; Yeomans 2008). The 

essentiality of taste perception is apparent owing it is hardwired in the brainstem from 

birth. Shepherd (2006) describes the taste pathway as occurring in the brainstem, 

hypothalamus, taste area of the somatosensory thalamus, and the primary taste cortex. 

Others refer to taste as a minor sense when compared to other senses, such as smell, 

due to the channel of only a limited number of sensations (Auvray and Spence 2008). 

Orthonasal and Retronasal Olfaction 

The way in which humans perceive odors is through the olfactory system. 

Olfaction is a dual sense, functioning to perceive the outside world as well as objects 

inside the mouth (Rozin 1982). Orthonasal and retronasal olfaction play primary roles in 

sensing odorants. Orthonasal olfaction provides a direct means of access to an odorant, 

whereas retronasal olfaction depends on the release of odors from foods during 

mastication (Shepherd 2005). Odor molecules are the functional pieces of information 

for olfaction, determining what is sensed as smell or flavor (Shepherd 2005). Odor 

molecules represent a diverse range of structure for sensory input to the olfaction 
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system (Mori and others 1999). In mammals, the main olfactory bulb functions as a 

processing unit for odor molecules. It contains thousands of glomeruli, which are 

spherical structures functioning to process signals from synaptic connections excited via 

odorant receptors (Lancet 1986; Mori and others 1999). 

The initial event in the perception of an odor involves the interaction of odorous 

ligands with receptors on sensory neurons (Shepherd 1994; Vassar and others 1994; 

Zhao and others 1998). When humans experience an odor, the information is 

transmitted to the brain by peripheral neurons. The brain processes this information, 

subsequently developing a representation of that odor, or a template (Vassar and others 

1994). Each odor molecule is analyzed by its structural features, which individually 

activate unique sets of receptors. These receptors activate the appropriate sets of 

glomeruli and are on olfactory sensory neurons in the olfactory epithelium (Vassar and 

others 1994). The olfactory cortex determines which of the numerous glomeruli have 

been activated. Thus, the brain is able to discern which glomeruli have been activated 

and puts this into memory as a template. In mammals, glomeruli activation is 

combinational in order to respond to a wide variety of odorants. In other words, a single 

olfactory receptor may recognize multiple odors and an odorant can be recognized by 

many receptors (Adler and others 2000). Wilson and Stevenson (2003) suggest learning 

and memory play a vital role in olfactory perception. Olfaction may be experience-

bound, where exposure alone can affect the extent to which stimuli can be 

discriminated.  

Taste and Odor Mixtures 

Discrimination and identification of individual components in odor mixtures is 

thought to be limited to three or four odorants (Laing and Francis 1989; Livermore and 
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Laing 1996; Jinks and Laing 1999b; Laing and others 2002; Wilson and Stevenson 

2003; Marshall and others 2005). Jinks and Laing (1999b) suggest the temporal order of 

the perception and identity of components cannot be discerned in ternary mixtures. 

Additionally, it is suggested that the cause may stem from slow processing in olfactory 

working memory which limits the analysis of mixtures to about three components. 

Several researchers hint memory and learning play significant roles in olfactory 

perception (Jinks and Laing 1999b; Laing and others 2002; Wilson and Stevenson 

2003; Marshall and others 2005). Rather than processing odorants and odor mixtures 

analytically, mammals appear to use synthetic processing. Synthetic processing refers 

to mammals having a limited ability to identify components within odor mixtures and 

rather treat mixtures as a whole (Wilson and Stevenson 2003). Original studies on the 

identification of components within mixtures evaluated two-component mixtures. 

Bartoshuk (1975) studied two, three, and four component mixtures, since the taste 

mixture interactions outside the laboratory are the most important to understand. 

Marshall and others (2005) suggests the limited capacity to identify components of 

mixtures is due to the combination of neural interactions and the limited capacity of 

working memory. Other research has discussed suppression, or odor masking, as a 

means for the restricted discrimination and identification of odor mixtures (Bartoshuk 

1975; Laing and Francis 1989; Livermore and Laing 1996; Jinks and Laing 1999a; Jinks 

and Laing 1999b; Laing and others 2002). Suppression encountered in food or odorant 

mixtures refers to the reduction of perceived intensity in one or more dissimilar 

odorants. When this occurs, the intensities are suppressed so that the intensity of the 

mixture is less than the sum of the constituents (Bartoshuk 1975). The occurrence of 
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suppression may explain an additional mechanism through which the ability to identify 

mixture components is dampened. 

It is necessary to distinguish between foods which are classified as mixtures and 

singular flavors. The perception of a singular odorant occurs as described above by 

orthonasal and retronasal olfaction. A template is created for this odorant as a single 

unit. However, when humans consume food it is rare that a singular odorant is being 

detected alone. Rather, a complex mixture of odorants is consumed at once. Despite 

being comprised of numerous volatiles or odorants, a flavor as a whole is often thought 

of and referred to as a singular unit. Referring to a flavor in this way helps distinguish 

from mixtures, such as a fruit juice blend versus a singular juice. The singular juice is 

referred to as a singular flavor, despite being comprised of numerous volatiles. 

Therefore the combination of several flavors (ie. the juice blend) is commonly referred to 

as a mixture. Distinction between what is referred to as mixtures and singular flavors 

aids in the understanding of how humans perceive and learn flavors during 

consumption. The consumption of these foods differs significantly in reference to 

learning, as described above. The learning of a mixture can be altered when the mixture 

becomes too complex to distinguish each flavor individually. Thus, if learning of a single 

flavor is desired, that flavor should be isolated and consumed alone.  

Hedonics of Taste and Olfaction 

Unique to some mammals, and particularly humans, is the direct connection 

between hedonics and food choice or preference. Hedonic qualities of food guides food 

choice and are therefore a critical determinant of the variety and volume we consume. 

Consuming food is a source of pleasure, and anticipation of the pleasure alone may be 

sufficient enough to stimulate it. The initial reaction to the sensory qualities of a food is 
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to either accept or reject that food. Foods are accepted due to some positive feature, 

causing a learned food preference. The ability of humans to learn has helped shape 

responses to food, including preferences. Our experiences therefore shape our food 

choices and can even modify our innate tendency to like sweet and dislike bitter 

(Yeomans 2008).  

It is widely accepted that the responses elicited from the four basic taste stimuli 

sweet, salty, sour, and bitter, are innate in mammals. For example, mammals, including 

humans, have an innate and universal positive sensory response to sweet tastes 

(Drewnowski 1997; Sclafani 1997; Birch 1999; Adler and others 2000; Myers and 

Sclafani 2006; Shepherd 2006; Yeomans 2008). However, the debate of nature versus 

nurture in reference to human food preference persists. Shepherd (2006) refers to these 

basic emotions of pleasure from sweet and disgust from bitter not as learned, but 

instead hard-wired from birth. These taste stimuli thus differ from odor images which are 

learned. These innate responses to the basic tastes are genetic predispositions which 

influence the development of food preferences (Birch 1999). At birth, sweet taste is 

preferred while sour and bitter are rejected. Preference for salt is not present at birth, 

but emerges after several months exhibiting a positive association. These innate 

responses are demonstrated most easily by infants who prefer sugar solutions to water 

and sweeter solutions over less sweet solutions. The pleasure exhibited is measured by 

observing facial expression reactions to stimuli. For bitter taste, infants show negative 

facial expressions. This aversion is present at birth before learning occurs. Similar to 

bitter, infants show negative reactions to sour substances. Salt does not reliably elicit a 

consistent distinctive facial expression or preferential intake which would indicate a 
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preference or aversion (Birch 1999). The preference for sweet taste is most easily 

explained by the universal relationship between a sweet taste and foods which are safe, 

nutritious, and rich in sugar (Yeomans 2008). Likewise, the dislike of bitter tastes 

reflects the avoidance of poisonous food substances. Studies with rats as subjects 

exhibit similar preference outcomes for sweet taste. Ackroff and Sclafani (1991) 

demonstrated flavor preference in rats, proving the food choices of animals are 

influenced by postingestive effects, or positive reinforcement, of nutrients. Thus, pairing 

flavors with nutrients which provide higher positive reinforcement may help strengthen 

the choice of that flavor. Similarly, studies have found high dietary fat can also condition 

the preference of flavors. Johnson and others (1991) discovered children acquired 

flavor preferences based on differences in energy density which were due to differences 

in fat content. The high energy version of the samples became more preferred after 

repeated consumption. Fats provide food matrices with a characteristic taste and 

texture. Sensory response to fats first involves the perception of fat-soluble volatiles 

sensed through the nose or mouth (Drewnowski 1997). Oral perception of fats is 

determined by food texture within the oral cavity during chewing or swallowing. Overall, 

high-fat foods have a desirable sensory response relating to pleasure and preference. 

Acquisition of Liking 

Learning and Preference 

The ability to learn and the innate responses to taste stimuli are the basis of food 

preference. Survival depends on consuming reliable, safe, and energy-rich foods. 

These foods generate either positive or negative innate preferences. As mentioned, 

humans have innate responses to the basic tastes. These innate hedonic responses 

which make up the appetite system likely developed due to evolutionary pressures 
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(Yeomans 2008). These responses helped humans learn what was safe or harmful. 

Despite innate responses to basic tastes, there is the potential for modification by 

exposure. For instance, humans often come to like bitter flavors such as those from 

alcohol or caffeine. Preference refers to the selection of one item over others. Food 

preferences are learned by experiences of consuming foods. As mentioned, it is thought 

humans have genetic predispositions to accept or reject foods based on the basic 

tastes, thus shaping learned food preferences (Birch 1999). Genetic predispositions for 

basic tastes place constraints on food preferences, and include developing preferences 

for foods based on associations with the contexts and consequences of eating the food. 

In addition to the innate responses exhibited towards the basic tastes, innate responses 

to nutrients appear to exist. Birch (1999) refers to a “wisdom of the body” theory in 

which food preferences reflect innate, unlearned special appetites for needed nutrients, 

including sugar, salt, fat, protein, carbohydrate, and micronutrients. Most notable are the 

food preferences for carbohydrates and fat. Ackroff and Sclafani (1991) developed a 

study to research flavor preferences of rats conditioned by sugars. This study sought to 

evaluate the reinforcing effects of fructose and glucose by examining flavor preference 

conditioning. Rats preferred a chow associated with glucose solutions rather than 

fructose solutions, suggesting glucose has more potent postingestive reinforcing effects. 

Johnson and others (1991) demonstrated a preference for fat in a study conducted with 

samples of differing energy density. Following repeated consumption, subjects acquired 

flavor preferences for the high energy sample as opposed to the low energy sample. 

Associative Learning 

Preferences and aversions for food flavors exhibit plasticity throughout an 

individual’s lifetime. We innately accept sweet and salty and reject bitter and sour. 
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Differing from innate preferences are acquired food preferences. Learning contributes to 

the range of individual differences in preferences and their plasticity throughout life. 

More specifically, humans learn to associate flavors of foods with the consequences 

following ingestion. Consequences can be positive and the repeated association of food 

sensory cues with positive postingestive signals can produce learned preferences. 

Negative consequences can also occur, such as gastrointestinal distress and nausea. 

Once an aversion is formed, the food will be avoided and learned aversions are not 

readily abandoned. A learned aversion can result from the single pairing of a food with 

illness. Learned food preferences form more slowly and are more readily extinguished. 

These form naturally as a result of normal eating. Learned preferences usually have 

more subtle effects on food intake than do learned aversions. There are several 

theories for acquired food preferences, which explain how learning principles may be 

applied to food preference development. The simplest theory is mere exposure, where 

flavors increase in preference with repeated exposure without reinforcement (Zellner 

and others 1983; Myers and Sclafani 2006; Yeomans 2008; Methven and others 2012). 

Studies examining mere exposure in humans with food stimuli are limited and therefore 

not fully understood. The second theory for acquired food preference is flavor-nutrient 

conditioning or flavor-nutrient learning. Also referred to as Pavlovian conditioning, a 

flavor can become strongly preferred due to a learned association between the flavor 

and the positive consequences of consuming it (Zellner and others 1983; Myers and 

Sclafani 2006). This type of flavor conditioning can influence preference and increase 

acceptance. In the same way a flavor can become more accepted and preferred, a 

flavor can become less accepted through conditioned taste aversion (CTA). CTA results 
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from the negative consequences of consuming a food, which often result in nausea and 

gastrointestinal distress. CTA has been studied extensively in rats, proving it is possible 

to experience aversion due to repeated exposure of a food stimulus with negative 

reinforcement. In such studies, rats are predisposed to learn to associate flavors with 

illness or external visual and auditory cues with external harm. CTA in humans is known 

anecdotally, most commonly due to illness. Studies creating aversion in humans are 

limited due to ethical issues. However, Bernstein (1978) studied children with cancer 

who were undergoing chemotherapy. Chemotherapy treatment created nausea and 

illness, the negative reinforcement necessary to create an aversion. Observed was 

aversion in children who associated a food with nausea.  

Positive and negative flavor-nutrient learning (FNL) is well understood in animal 

studies. As mentioned, CTA has been observed in research with human subjects. 

However, positive flavor-nutrient learning in humans has not been extensively studied 

and is therefore not well understood. A positive flavor-nutrient consequence, such as 

associating a flavor with an energy-rich food matrix, would theoretically increase 

acceptance of that food flavor. Yeomans (2008) suggests several critical features which 

are necessary for the manifestation of clear likes and dislikes. First, the strongest 

learning will occur with foods and drinks with the largest negative (aversion) or positive 

(acceptance) effects. Second, learning is progressive, so repeated experiences of 

flavors with nutrient consequences would be necessary to strengthen the association. 

Lastly, the degree to which the flavor comes to control behavior depends on the 

strength of association of flavor and nutrient consequence. Overall, the flavor-nutrient 

learning model predicts repeated exposure will lead to strong liking of a positive flavor 
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with sources of energy and other positive characteristics. Thus, foods should be a safe 

source of nutrition and energy. FNL predicts a food which is a major source of energy 

would strongly reinforce or induce flavor preference. The relationship between energy 

density and liking for foods supports this prediction (Drewnowski 1997). The final theory 

for acquired food preference is the flavor-flavor model of evaluative conditioning. This 

model consists of evaluative conditioning (EC) in which the evaluation of one stimulus 

changes through association with a second stimulus which is already liked or disliked 

(Yeomans 2008). Overall, a previously hedonically neutral flavor is associated with a 

flavor to result in an equivalent change in liking for the previously neutral flavor. 

Methods of Sensory Evaluation 

Every day humans attempt to share sensory experiences. Attempts to do so 

result in the use of intensity descriptors such as weak or strong. Sensory evaluation is a 

scientific method used to evoke, measure, analyze, and interpret responses to products 

quantitatively by minimizing biases as much as possible (Meiselman 1993). Numerical 

data are collected, analyses are performed, and interpretations are made. The dilemma 

with sharing sensory experiences lies in the great differences in experiences which exist 

among people. Bartoshuk and others (2004) illustrate this predicament by referring to 

the most intense pain ever experienced among different groups of people. The woman 

who has experienced child birth may list this as her most intense pain experienced, 

while the child with more limited experiences may list a skinned knee or broken bone. 

Regardless of faults such as this, sensory evaluation attempts to collect the experiences 

of a group of people into a set of data useful for research and industrial purposes. 

Sensory evaluation provides quantitative means for measuring human 

responses. In order to numerically collect data, panelists must be able to quantify their 
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responses for the sensory test. There are three classes of sensory evaluation test 

methods: discrimination, descriptive analysis, and affective analysis (Lawless and 

Heymann 1999). Discrimination or difference testing answers whether any perceptible 

difference exists between two types of products. Descriptive analysis quantifies the 

perceived intensities of the sensory characteristics of a product. Affective testing 

quantifies the degree of liking or disliking of a product.  

There are several ways to measure sensory responses, with the most frequent 

methods including classification, grading, ranking, and scaling (Meilgaard and others 

2007). Scaling, the most common sensory evaluation technique in the area of food 

science, references a scale of numbers for judging samples. Scaling techniques use 

numbers or words to express the intensity of a perceived attribute, such as sweetness 

or texture, or reaction to an attribute, such as too soft or just right. When words are 

used, numbers can be applied so the data can be treated statistically (Meilgaard and 

others 2007). Scaling involves the application of numbers to quantify sensory 

experience, and thus allows the measurement, analysis, and interpretation of 

responses. Due to the nature of applying numbers to human experience, weaknesses 

may arise. These weaknesses led to the development of scales by psychologists and 

psychophysicists. 

Category Scales 

Category scales are arguably the oldest and most common scaling method and 

involve the choice of discrete response alternatives to signify increases in sensation, 

intensity, or degrees of acceptability (Lawless and Heymann 1999). One of the most 

well-known category scales is the Natick nine-point scale, which was developed to 

measure soldiers’ acceptance of foods (Jones and others 1955). Values given on 
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category scales do not necessarily measure the degree to which one sample is greater 

than another (Meilgaard and others 2007). Category scales therefore do not have ratio 

properties, meaning 8 is not twice as great as 4. Also problematic is the tendency of 

panelists to avoid using the endpoints or the extremes of the scale. Category scales 

may be arranged as a number or word scale measuring intensity, difference from a 

reference, or pleasure (hedonic). Category scales often use word descriptors, which can 

be converted to numbers, making it possible to collect numerical data to be analyzed.  

Line-Marking Scales 

Line-marking scales involve panelists marking a point on a line to indicate the 

intensity or amount of some sensory characteristic in relation to anchors. Most 

commonly, only the endpoints are the labeled anchors, but there are numerous versions 

of line-marking scales which incorporate additional anchors. The left end usually 

corresponds with the lower-bound rating, “none” or “zero”, where the right end 

corresponds with upper-bound ratings, such as “very” or “strong” (Meilgaard and others 

2007). Endpoint anchors are sometimes indented to avoid end-effects associated with 

the reluctance of panelists to use the extremes of the scale (Lawless and Heymann 

1999). Additional variations involve labeling a center anchor as a “reference” and asking 

panelists to indicate the intensity or amount of the sensory characteristic in relation to 

some reference sample. Marks made on line scales are converted to numbers by 

manually measuring the position of each mark using a ruler or computer program. This 

data can then be analyzed for statistical purposes. 

Direct Scaling Methods 

Magnitude estimation (ME), or ratio scaling, involves the unrestricted application 

of numbers to represent sensation ratios (Stevens 1957; Stevens 1960; Schutz and 
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Cardello 2001). Humans are able to estimate magnitude differences, but may not be 

able to easily quantify these differences with a category scale. Scales with ratio 

properties were developed to overcome this problem and were pioneered by S.S. 

Stevens and colleagues (Stevens 1957; Stevens 1960). Magnitude estimation entails 

the use of positive numbers assigned to a sensation, such that the ratios between the 

numbers reflect ratios of sensation magnitudes experienced by the panelist. Whereas 

category and line scales depend on the visual appearance of the scale, magnitude 

estimation does not. There are two primary types of magnitude estimation scales. One 

form involves the use of a reference, in which subsequent samples are rated relative to 

it. The second form does not exploit a provided reference, but instead the panelist rates 

the first sample and rates subsequent samples in reference to the first. More often than 

not, a variation of magnitude estimation scales is most useful in sensory evaluation. 

One such variation of the magnitude estimation scale is the labeled affective magnitude 

(LAM) scale. This scale is primarily a magnitude estimation scale, but contains 

properties unique to nine-point hedonic scales. 

Labeled Scales 

Labeled scales, like category scales, are often used for their assumed simplicity. 

A major development in scaling was initiated by Green and colleagues (1993) with the 

creation of an oral labeled magnitude scale (LMS). The LMS is a labeled scale of 

sensation intensity based on the concept of a category ratio scale and yields ratio-level 

scaling similar to that produced by magnitude estimation (Green and others 1993; 

Green and others 1996). It consists of quasi-logarithmic spacing and is arranged with 

verbal anchors spaced to represent perceptual intervals as determined by ratio scaling. 

The verbal labels may range from “no sensation” at the lower end to “strongest 
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imaginable oral sensation” at the upper end (Green and others 1996). In a recent 

evaluation of the LMS, Bartoshuk and others (2005) refer to the elasticity of the LMS, 

which can be used to the advantage of researchers. The elasticity of the LMS is most 

apparent with the formation of the general labeled magnitude scale (gLMS), in which the 

top anchor is replaced with “strongest imaginable sensation of any kind,” which refers to 

all sensations, including pain. A variation of this scale uses a top anchor of “strongest 

sensation of any kind ever experienced”. Absence of the word “imaginable” may help to 

differentiate between intensities of imagined and experienced sensations, as different 

meanings may result (Snyder and others 2008). Like the LMS, the gLMS is a quasi-

logarithmic line scale which includes a series of typical intensity descriptors. The 

versatility and elasticity of the LMS is also apparent from the development of the 

hedonic general labeled magnitude scale (hedonic gLMS). This scale utilizes properties 

of both the LMS and hedonic point scales to achieve effective hedonic evaluation with 

ratio properties. Rather than rating with a nine-point scale from “dislike extremely” to 

“like extremely”, the hedonic gLMS utilizes a numbered scale similar to the gLMS. The 

hedonic gLMS utilizes the anchor range “strongest disliking of any kind ever 

experienced” (-100) to “strongest liking of any kind ever experienced” (100) (Bartoshuk 

2010). The hedonic gLMS is most useful when the comparison of groups is desired 

(Bartoshuk and others 2005). A final variation of the magnitude estimation scale is the 

labeled affective magnitude scale (LAM). This scale was developed by Schutz and 

Cardello (2001) for the specific purpose of assessing food likability. The LAM scale 

encompasses reliability and sensitivity similar to the nine-point hedonic scale, but with 

minimized endpoint compression similar to magnitude estimation. This scale allows 
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greater discrimination among products and the ability for conclusions to be made about 

panelists’ expressed ratios of liking or disliking. Additional common scales include the 

visual analogue scale and magnitude matching. The visual analogue scale (VAS) is a 

labeled scale with ratio properties which eliminates intermediate descriptors, leaving 

only the minimum and maximum descriptors (Bartoshuk and others 2003; Bartoshuk 

and others 2004; Bartoshuk and others 2005). Magnitude matching involves selecting a 

standard unlikely to be related to taste, and requires panelists to express perceived 

taste intensities relative to that standard (Bartoshuk and others 2004). This method of 

scaling seeks to solve the problem of making comparisons across individuals or groups. 

Thus, it may be possible to study the sensory characteristics of foods and link these to 

behavior.  
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CHAPTER 3 
RESEARCH METHODS AND MATERIALS 

Study One 

Ninety-seven panelists participated in the first study. Prior to participation, 

potential participants were screened for fruit consumption history and any food allergies 

(Appendix A). Panelists were chosen based on having never consumed lychee and/or 

guava. There were 34 male and 63 female participants, ranging in age from 13 to 62. 

The average age was 24, while most panelists were 18, owing to the fact that most 

panelists were undergraduate or graduate students. Panelists also identified their ethnic 

background, race, and incidence of ear infection as shown in Table 3-1. 

The first study consisted of singularly-flavored sugar solutions. Strawberry, 

peach, raspberry, lychee, and guava flavor systems were added in appropriate 

concentrations (to provide a natural flavor) to a 5% sucrose solution. Thus, each 

panelist was presented with five individual flavored sugar solutions. Two batches of ice 

cream samples were prepared for panelists. One batch was formulated using the same 

lychee flavor system used to prepare the lychee-flavored sugar solution. The second 

batch was formulated using the same guava flavor system used to prepare the guava-

flavored sugar solution. The concentration of flavor added to the ice cream was 

determined through preliminary informal testing. Specific information regarding the 

formulations of the flavored solutions and ice cream samples will be discussed later in 

this chapter. 

Panelists were first presented with the five singularly-flavored sugar solutions 

and were asked to rate their level of liking on the Hedonic General Labeled Magnitude 

Scale (Hedonic gLMS) (Appendix B). In a separate session seven days later, 47 
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panelists were given the lychee-flavored ice cream sample and the remaining 50 were 

given the guava-flavored ice cream sample. Panelists were encouraged to eat the entire 

portion of ice cream. Panelists were asked to rate this sample for overall likability using 

the Hedonic gLMS. Two days after exposure to the ice cream sample, panelists rated 

each of the five flavored sugar solutions again for overall likeability using the Hedonic 

gLMS. Panelists were assigned separate thirty-minute sessions to perform each of the 

three tasting and ratings. Verbal and written instructions were provided. 

Study Two 

 Study two was completed with 104 new panelists. This study was conducted 

similarly to study one. However, participants were not screened for fruit consumption 

prior to participation to avoid narrowing demographic data. Potential participants were 

screened for any food allergies. Table 3-1 includes the demographic data of panelists 

from this study. There were 42 male and 62 female participants, ranging in age from 18 

to 62. The average age was 26.5, while most panelists were 21 years of age. 

 Panelists were presented with the same food items in this study. All samples 

were prepared at concentrations matching those from study one. The five singularly-

flavored sugar solutions (strawberry, peach, raspberry, lychee, and guava) were rated 

for overall likeability before ice cream consumption and after ice cream consumption 

using the Hedonic gLMS. Panelists were again assigned to either lychee-flavored ice 

cream or guava-flavored ice cream. Fifty-two panelists were assigned to lychee-flavored 

ice cream and 52 panelists were assigned to guava-flavored ice cream. Panelists were 

given the appropriate ice cream sample to rate for overall likeability using the Hedonic 

gLMS on three subsequent days. Thus, participants were exposed to the assigned ice 

cream sample three times instead of one time. Two days after the final ice cream 
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tasting, panelists rated the flavored sugar solutions again for overall likeability on the 

Hedonic gLMS. Panelists were assigned separate thirty-minute sessions to perform 

each of the five tasting and ratings. Verbal and written instructions were provided. 

Panelist Recruitment 

 The University of Florida Health Science Center Institutional Review Board (IRB) 

approved the study protocol. Participants (staff and students) were recruited from the 

University of Florida. Flyers advertising the study were posted at the sign-in area of the 

Food Science and Human Nutrition (FSHN) Sensory Laboratory to inform potential 

panelists about the study. After gathering contact information from interested panelists, 

each panelist was screened for consumption history (study one only) and any food 

allergies. Some panelists were ineligible to participate in the studies due to the following 

reasons: failure to pass the consumption history screener (study one), they were lactose 

intolerant and unable to consume the ice cream sample, had an allergy which prevented 

their participation, were vegan and refused to consume the ice cream sample, and/or 

were no longer interested in the study. During the first session of each study, panelists 

reviewed details of the study and signed the IRB consent form (Appendix C). Panelists 

were free to withdraw from the study at any time with no consequences. Panelists were 

compensated for participation in each session of the study. 

Food Selection 

 The fruit flavors utilized in this study were obtained from Firmenich Flavor and 

Perfume Company, Plainsboro, New Jersey. Flavors selected included strawberry, 

peach, raspberry, lychee, and guava. These flavors were individually added to a sugar 

solution (5% sucrose weight/volume) to obtain singularly-flavored sucrose solutions. 

Informal preliminary panels were held to determine the appropriate concentration of 
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each flavor in the sugar solution. The following concentrations of flavors were added to 

the 5% sugar solution to create the singularly-flavored sucrose solutions (µL flavor/100 

mL sugar solution): 500 µL/100mL (strawberry); 400 µL/100mL (peach); 500 µL/100mL 

(raspberry); 400 µL/100mL (guava); 175 µL/100mL (lychee). 

A commercial plain (flavorless) ice cream mix was obtained from Dairy-Mix, Inc., 

St. Petersburg, Florida. The ice cream mix utilized was 16%-fat ice cream mix. Per 100g 

sample of ice cream there were 16.02g total fat, 9.914g saturated fat, 19.16g sugars, 

and 236.6 kCalories (Dairy-Mix, Inc. 2006). A Carpigiani LB502 Coldstone Creamery 

batch freezer was utilized to produce the flavored ice cream batches. Informal 

preliminary panels were held to determine the appropriate concentration of flavor added 

to the ice cream mix prior to freezing. The following concentrations of flavors were 

added to the plain ice cream mix to create the singularly-flavored ice cream samples (µL 

flavor/100mL ice cream mix): 300 µL/100mL (guava); 150 µL/100mL (lychee). 

Sensory Laboratory 

 Panelists evaluated samples in the University of Florida Sensory Laboratory. 

Panelists evaluated samples in individual booths which were equipped with computer 

workstations. Panelist data was collected with a sensory software program 

(Compusense® five Sensory Analysis Software for Windows, Compusense Inc., 

Guelph, Canada). Unsalted crackers and purified water were provided to the panelists 

to encourage rinsing of the palate before and between samples. Samples were 

assigned random three-digit codes and served in four ounce portion cups. Panelists 

were given approximately two ounces of each flavored sugar solution and 

approximately four ounces of ice cream. Panelists were presented with all five flavored 
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sugar solutions according to Williams Design (Williams 1949). Each sample was 

presented in each presentation position an approximately equal number of times. 

Questionnaire Design 

 At the beginning of the first session, panelists were asked a series of 

demographic questions. The demographic data collected included gender, age, height 

(in feet and inches), weight (in pounds), ethnic background, and occurrence of otitis 

media (ear infection). The panelists’ height and weight were used to calculate their body 

mass index (BMI). BMI (lbs/in2) was calculated using the following equation: ((weight 

(lbs)/height2 (in)) x 703) (National Institute of Diabetes and Digestive and Kidney 

Diseases 2012). 

The Hedonic gLMS was used in this study (Bartoshuk 2010; Bartoshuk and 

others 2005). All panelists were trained to use this scale to measure and quantify overall 

personal hedonic liking of each sample. Panelists were encouraged to write personal 

scale anchors on the provided paper scale as well as type their anchor descriptors into 

the computer program (Appendix D). This scale allows panelists to develop a 

personalized scale ranging from “strongest disliking of any kind ever experienced” (-

100) to “strongest liking of any kind ever experienced (100), with a neutral middle 

anchor (0). Panelists were able to select any numerical integer on this scale when rating 

samples. When developing the personalized scale, panelists identified personal 

anchors, typically not related to food. Examples of “strongest disliking of any kind ever 

experienced” include death of a loved one, serious illness, or failing to achieve a goal. 

Examples of “strongest liking of any kind ever experienced” include falling in love, being 

with loved ones, and winning an award. After developing the personalized scale, 

panelists were asked to practice using their scale by rating a range of differing 
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experiences from memory, including “listening to your favorite music”, “spending time 

with loved ones”, “death of a loved one”, “the most intense annoyance you’ve 

experienced”, and “eating your favorite food.” During evaluations, panelists used this 

personalized scale to rate their overall liking of the flavored sugar solutions and ice 

cream samples. 

Statistical Analysis 

The main objective of this study was to determine the differences in hedonic 

rating of flavored sugar solutions before (pre-rating) and after (post-rating) exposure to 

ice cream samples. All flavors were analyzed separately for overall likeability ratings. 

Raw data were collected by the sensory software program CompuSense®. These data 

were transferred to Microsoft Excel for sorting and preparation for statistical analyses. 

The statistical analyses were performed using Statistical Analysis System (SAS) 

9.3 (SAS Institute Inc., Cary, NC, USA). A two-way Analysis of Variance (ANOVA) using 

Duncan’s New Multiple Range Test was performed to determine if there were significant 

differences at a p-value <0.05 between the pre- and post-ratings of the flavored sugar 

solutions. For the Duncan’s mean separation, means of pre-ratings were compared to 

means of post-ratings to determine if a significant difference occurred. Data were also 

sorted based on gender (males versus females) and BMI using ANOVA. Two different 

BMI groups were created, which compared normal weight, including underweight (BMI 

value less than 25), and overweight (BMI value of 25 or more) (National Institute of 

Diabetes and Digestive and Kidney Diseases 2012). Additional classification variables 

including race, ethnic background, and incidence of ear infection were not studied due 

to insufficient populations.  
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Table 3-1.  Demographic information from all panelists 

 Study 1 Study 2 

 N = 97 N = 104 

Gender   
   Male 34 42 
   Female 63 62 
Ethnic Background   
   Hispanic 12 14 
   Non-Hispanic 85 90 
Race   
   White or Caucasian 64 55 
   Black or African-American 11 5 
   Native American, Alaska Native, Aleutian 0 0 
   Asian/Pacific Islander 15 40 
   Other 7 4 
Incidence of Ear Infection   
   No 63 84 
   Yes, but not serious 25 15 
   Yes, required antibiotics more than once 6 2 
   Yes, required tubes in ears 3 3 
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CHAPTER 4 
RESULTS AND DISCUSSION 

 There were five treatments in both studies. As previously discussed, treatment 

types differed in sample flavor. Lychee and guava served as experimental flavors, while 

strawberry, peach, and raspberry served as control flavors (flavors which were not 

paired with the ice cream sample). Five singularly-flavored sugar solutions were 

consumed and rated by panelists. Two singularly-flavored ice cream samples were 

consumed and rated by panelists. Half of the panelists were assigned to a lychee-

flavored ice cream, while the remaining panelists were assigned to a guava-flavored ice 

cream. Panelists only consumed and rated the ice cream sample to which they were 

assigned. By pairing only the experimental flavors with a high-energy food matrix (ice 

cream), we expected to see the hedonic ratings of only these flavors (lychee and guava) 

increase after exposure. Since the remaining flavors were not paired with the ice cream 

samples, ratings were expected to remain the same after ice cream exposure. 

 Data were analyzed as an overview of all panelists in a given study and were 

separated into groups based on the flavor of ice cream sample received. Additionally, 

panelists were further separated into groups based on gender and body mass index 

(BMI) for separate analyses to evaluate if there were any group effects. Panelists’ 

ratings of the flavored sugar solutions before and after ice cream exposure were 

compared for a given panelist. Study one was repeated as Study two to determine if the 

amount of exposure, or volume, of the high-energy food matrix affected the overall 

hedonic ratings of samples. Possible error sources included palate exhaustion, personal 

likeability of the samples, familiarity with the sample flavors, considerable contrast 

between solutions and assigned ice cream sample, and setting. The remainder of this 



 

42 

chapter will discuss results from each study, focusing on the comparison of the ratings 

of flavored sugar solutions prior to and following exposure to the assigned ice cream 

sample. 

The hypothesis that the hedonic rating of two novel flavors will increase after 

being paired with an innately positive food matrix (ice cream) was rejected. However, 

changes in overall likeability were observed showing increases in the overall hedonic 

ratings of the experimental flavors. Although the previous hypothesis was not accepted, 

the hypothesis was accepted that the hedonic ratings of flavors not paired with the ice 

cream (strawberry, peach, and raspberry) will not be significantly increased after the ice 

cream exposure. Significant differences (α=0.05) were observed for two separate 

control flavors (flavors not paired with the ice cream). However, the significant 

differences observed for these flavors were significant decreases between pre-rating 

and post-ratings for the flavored solution. More specifically, the overall post-ratings of 

these flavors were significantly lower than the pre-ratings. The changes in overall 

hedonic ratings which were observed for the experimental flavors were not as clearly 

present with the remaining flavors. However, the presence of increased ratings between 

pre- and post-ratings for experimental flavors is promising for future research, as this 

demonstrates the initial stages of flavor learning in human subjects. 

Since a significant increase in the ratings of the experimental flavors was not 

observed it is evident changes to the experimental design are necessary. Panelists 

were exposed to the assigned ice cream sample once in Study one, while panelists in 

Study two were exposed to the assigned ice cream sample three times. The increased 

exposure to the flavored high-energy food matrix did not produce significantly increased 
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ratings of the experimental flavors. Thus, the number of exposures alone does not 

significantly contribute to hedonic ratings of flavors. It is possible these results can be 

explained by earlier research indicating hunger as a noteworthy factor for food likeability 

and preference (Ackroff and Sclafani 1991; Gibson and others 1995). Additionally, 

strikingly low ratings were observed for the flavored sugar solutions while the ratings for 

the ice cream samples were at an expected range. It is possible this can be explained 

by the personal likeability of samples among panelists, rather than poor scale usage. 

The food matrix for the flavors (ie. the flavored sugar solutions) may not have provided 

the most natural food matrix for consumer likeability testing. Likewise, panelists' 

familiarity with the experimental flavors may have contributed to the outcome of the 

results. The actual changes in overall hedonic ratings for all samples will be further 

discussed throughout this chapter. 

Study One 

 Ninety-seven panelists participated in Study one. They consumed and rated all 

five singularly-flavored sugar solutions before and after one exposure to an assigned ice 

cream sample. Potential participants were screened for fruit consumption history and 

only those who had never consumed lychee or guava in any form participated. Data 

were sorted according to ice cream sample grouping. Panelists who were assigned 

guava-flavored ice cream were sorted separately from panelists who were assigned 

lychee-flavored ice cream. Within the ice cream groupings, the ratings of the flavored 

solutions were sorted to compare pre-ice cream exposure (pre-rating) to post-ice cream 

exposure (post-rating) for all five flavors. 

The mean ratings for overall likeability for the flavored sugar solutions are 

presented in Table 4-1 for the guava group and Table 4-2 for the lychee group. No 
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significant differences were observed at p<0.05. However, at p<0.10 a significant 

increase (p=0.0548) for the guava-flavored solution was observed for the guava group. 

For both the guava group and lychee group, no other significant differences were 

observed in hedonic ratings for the flavored solutions. However, some variations in 

overall likeability were observed. The following changes in hedonic ratings were 

observed for the guava group data: decrease between mean pre-rating (17.48) and 

mean post-rating (14.04) for strawberry; slight increase between mean pre-rating 

(11.42) and mean post-rating (15.72) for peach; slight increase between mean pre-

rating (2.68) and mean post-rating (5.14) for raspberry; increase between mean pre-

rating (-7.02) and mean post-rating (-1.44) for lychee. These variations in hedonic 

ratings do not necessarily indicate near-significance, as indicated by p-values (Table 4-

1). All p-values for the guava group, with the guava solution as an exception, do not 

indicate significance or near-significance. Figure 4-1 illustrates the previously discussed 

means and p-values. 

Similar variations in hedonic ratings were observed in the data for the lychee 

group: decrease between mean pre-rating (24.62) and mean post-rating (18.89) for 

strawberry; nearly no difference between mean pre-rating (12.66) and mean post-rating 

(12.26) for peach; increase between mean pre-rating (5.79) and mean post-rating 

(11.00) for raspberry; increase between mean pre-rating (-4.00) and mean post-rating 

(2.68) for lychee; increase between mean pre-rating (0.11) and post-rating (7.34) for 

guava. The differences between pre-rating and post-rating means do not indicate 

significance or near-significance, as indicated by p-values (Table 4-2). Figure 4-2 

illustrates the means and p-values discussed for the lychee group. 
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The food samples chosen for this study were designed to present an isolated 

flavor in the simplest form possible. It was desirable for panelists to be exposed to one 

flavor per sample. Thus, singularly-flavored sugar solutions were created. Flavors were 

added to a 5% sucrose solution to create the most natural representation of that flavor 

possible. Additionally, 5% sucrose was utilized to mask any bitterness or off-flavors 

present in the concentrated flavor systems. The high-energy food matrix chosen to pair 

with the experimental flavors was 16%-fat plain (unflavored) ice cream mix. The same 

guava and lychee flavor systems were added separately to create the two individual 

flavored ice cream samples. The average likeability ratings for each ice cream sample 

are presented in Table 4-3. These results suggest the ice cream samples were highly 

liked. Hedonic ratings indicate the two samples were liked nearly to the same degree, 

with an average lychee rating of 43.83 and average guava rating of 48.90 (Table 4-3). 

An average rating of nearly 50 would be on the upper end of the scale, as it ranges from 

-100 to 100. This corresponds closely with scale generation demographic data collected 

for panelists which shows the average rating for “Eating your favorite food” is 65. Thus, 

we have concluded the ice cream samples were strongly liked by panelists. The 

singularly-flavored sugar solutions, however, were rated considerably lower. The 

average ratings for the flavored solutions range from -7.02 to 24.62, although the 

median average rating of all the samples is approximately 6.50. The distribution of how 

panelists rated the flavored solutions are shown graphically for the guava group and 

lychee group in Figure 4-3 and Figure 4-4, respectively. This range of average ratings 

for the solutions falls mostly on the positive side of the scale, but is very low. Therefore, 

it is highly likely most panelists did not enjoy the flavored solutions. Though in theory the 
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sugar solutions would not need to be initially highly liked, it is apparent from the data 

that if panelists have initial ratings indicative of disliking, conditioning a stronger liking of 

that flavor would be very difficult. 

The same data set was sorted by gender and body mass index (BMI). 

Associations have been shown between measures of body mass and reported 

preference for high-fat foods (Rissanen and others 2002), which may relate to higher 

hedonic ratings. Similar studies have indicated differences in responses to food stimuli 

between men and women. Women tend to have a more robust response to food-related 

cues than men (Cornier and others 2010). 

Panelists’ data were separated into two groups based on calculated BMI, 

including normal weight (BMI values less than 25) and overweight (BMI values 25 or 

greater). Sixty-four panelists (66%) were considered normal weight and thirty-three 

(34%) were classified as overweight. Based on previous evidence of an association 

between higher body mass and increased preference for high fat foods, we expected to 

see a stronger association of the assigned experimental flavor with the corresponding 

ice cream sample, and thus a more notable increase in sugar solution ratings for the 

assigned ice cream flavor for the overweight group. Our results found no associations 

between BMI values and significance of hedonic ratings for the flavored solutions. Table 

4-4 and Table 4-5 show the mean flavored solution ratings and p-values of the guava 

group for normal weight and overweight groups, respectively. Table 4-6 and Table 4-7 

show the mean flavored solution ratings and p-values of the lychee group for normal 

weight and overweight groups, respectively. Additionally, Figures 4-5, 4-6, 4-7, and 4-8 

graphically represent the same mean ratings and p-values. Additional analyses were 
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performed to determine if any differences existed between BMI groups for ice cream 

hedonic ratings. The overall likeability ratings for the ice cream samples were averaged 

across the normal weight group and overweight group without separation by ice cream 

flavor. A simple t-test was conducted to determine if any significant differences in overall 

ice cream hedonic ratings occurred between normal weight and overweight BMI groups. 

Data are presented in Table 4-8, showing the overall mean ice cream ratings for the 

normal weight group and the overweight group and the p-value. Results indicate the 

mean ice cream rating for the overweight group does not differ significantly (p<0.05) 

from the normal weight group ice cream ratings. The overall average ice cream hedonic 

rating for the normal weight group was 42.47, while the average was 54.15 for the 

overweight group. There was a near-significant difference (p=0.0678), but no significant 

difference was seen between BMI groups. 

Since all panelists self-reported their weight, it is possible some values were 

incorrect and varied from their actual weight. Additionally, BMI as an indicator for body 

type is not sensitive to adiposity levels. It is a reference comparing weight to height and 

therefore does not necessarily indicate adiposity levels. Although no significant 

differences were observed, it is important to note variations in hedonic ratings were 

observed in the data which closely resemble the variations observed in the raw data set 

(no gender or BMI separation). For instance, the normal weight BMI group for the 

lychee group shows an increase in the mean rating from pre-rating (4.22) to post-rating 

(12.11), as shown in Table 4-5 and Figure 4-6. The consistency of the hedonic ratings is 

promising for future research in this area. 
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Separation of data by gender was selected due to differences in food likeability 

and preferences between men and women. Sixty-three females (65%) and thirty-four 

males (35%) participated in this study. We expected to see differences in overall 

likeability between males and females. More specifically, we hoped to see whether one 

gender rated experimental flavors significantly higher after exposure to the assigned ice 

cream sample. Overall, the results do not show clear differences in ratings among 

males and females. However, notable changes in hedonic ratings do exist in the data. 

Most notably, females of the guava ice cream group rated the guava sugar solution 

significantly higher at p<0.10 on average (p=0.0911) from pre-rating (-11.18) to post-

rating (-1.55) (Table 4-9 and Figure 4-9). The males of the guava group did not 

experience as strong a change in ratings, although a slight increase occurred from the 

pre-rating (1.71) to the post-rating (8.06) (Table 4-10 and Figure 4-10). Similar 

variations in hedonic ratings were observed for the female lychee group (Table 4-11 and 

Figure 4-11) and male lychee group (Table 4-12 and Figure 4-12), exhibiting slight 

increases from pre-rating to post-rating. Though the variability in these ratings do not 

exhibit significant differences at p<0.05, they indicate differences which could eventually 

show significance in average ratings and thus in overall likeability of samples. 

Additionally, these variations are consistent with the previously discussed data for Study 

one. The consistency of the changes in hedonic ratings within this data set 

demonstrates auspicious results which can be applied to future research in this area. 

Study Two 

 Study two followed the same experimental design as Study one, except there 

were five total sessions, three of which involved ice cream exposure. Additionally, 104 

new panelists were recruited since those who had already participated were no longer 
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eligible. Participant recruitment did not involve screening for lychee and guava 

consumption. However, data were collected for history of fruit consumption for 

informational purposes. Potential participants were not screened for lychee and guava 

consumption to avoid narrowing demographic data. Beyond these differences, all other 

methods were kept identical. As in Study one, these panelists consumed and rated five 

singularly-flavored sugar solutions (strawberry, peach, raspberry, lychee, and guava) 

and were assigned to either lychee-flavored ice cream or guava-flavored ice cream, 

after which they rated the sugar solutions again. Panelists were exposed to the 

assigned ice cream sample three times. 

The mean ratings for the flavored sugar solutions are presented in Table 4-13 for 

the guava group and Table 4-14 for the lychee group. No significant increases in 

average ratings were observed at p<0.05 or p<0.10 for the guava-flavored solution. 

However, significant decreases (p<0.05) were observed for two of the flavored 

solutions. The peach-flavored solution decreased from the pre-rating (8.12) to post-

rating (-0.42). Likewise, the lychee-flavored sugar solution decreased from the pre-

rating (6.87) to the post-rating (-0.33). The following changes in overall hedonic ratings 

were observed for the guava group data: decrease between mean pre-rating (3.17) and 

mean post-rating (-2.00) for strawberry; significant decrease between mean pre-rating 

(8.12) and mean post-rating (-0.42) for peach; slight decrease between mean pre-rating 

(6.04) and mean post-rating (3.21) for raspberry; significant decrease between mean 

pre-rating (6.87) and mean post-rating (-0.33) for lychee; increase between mean pre-

rating (-4.15) and mean post-rating (-0.35) for guava. With the exception of peach and 

lychee, these variations in hedonic ratings are very small and do not necessarily 
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indicate near-significance, as indicated by p-values (Table 4-13). However, it is 

imperative to note that the guava-flavored solution is the only solution which 

experienced an overall increase in mean ratings. All other solutions decreased in mean 

ratings between pre- and post-ratings. Figure 4-13 shows the previously discussed 

means and p-values. 

Similar variations in hedonic ratings were observed in the data for the lychee 

group, although some differences were observed: slight decrease between mean pre-

rating (8.23) and mean post-rating (6.15) for strawberry; slight increase between mean 

pre-rating (12.33) and mean post-rating (14.23) for peach; near-significant increase 

(p=0.0535) between mean pre-rating (3.62) and mean post-rating (10.60) for raspberry; 

slight increase between mean pre-rating (14.71) and mean post-rating (14.94) for 

lychee; slight decrease between mean pre-rating (3.79) and post-rating (1.50) for 

guava. As with the guava group, the differences between pre-rating and post-rating 

means are very small and therefore do not indicate significance, as indicated by p-

values (Table 4-14). However, an increase of near-significance was observed for the 

raspberry-flavored solution. This increase could relate to possible error sources, which 

will be discussed later in this section. Additionally, it is necessary to note that the mean 

rating for the lychee-flavored solution increased between pre- and post-ratings. Figure 

4-14 illustrates the means and p-values discussed for the lychee group. 

The food samples tested in this study were identical to those tested in Study one. 

As indicated previously in the Study one discussion, the samples tested in this 

experiment were designed to provide a clean and simple system to isolate single 

flavors. Although this objective was accomplished, the flavored solutions were not 
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entirely the most natural food system for a consumer taste panel. As with Study one, 

results for Study two have exhibited the vast differences between flavored solution 

ratings and ice cream ratings. Overall, it is apparent the panelists highly liked the ice 

cream samples, while the flavored solutions were rated considerably low. The average 

ratings for each ice cream sample across the three separate ice cream sessions are 

shown in Table 4-3 and Figure 4-15. The average hedonic ice cream ratings range from 

32.89 to 39.64. This range indicates panelists liked the ice cream samples substantially. 

This corresponds with scale generation demographic data collected for panelists which 

shows the average rating for “Eating your favorite food” is 60.The flavored solutions 

were rated extremely low, with the average ratings ranging from -4.15 to 14.94, with a 

median average rating of 4.91. This range is similar to the range observed in Study one. 

However, the mean ratings between pre-rating and post-rating for the flavored solutions 

more frequently decreased in Study two than in Study one. The decreases in mean 

ratings were more pronounced, often decreasing from a positive to a negative average 

rating (Table 4-13) which did not occur as frequently in Study one. This could be 

attributed to the slight variation in experimental design for Study two as compared to 

Study one. Panelists in Study two were exposed to the assigned ice cream sample 

three times, whereas panelists in Study one were exposed only once. We expected the 

increased exposure in Study two would produce a greater increase in the ratings of the 

flavored solution which coordinated with the assigned ice cream sample (guava or 

lychee) due to greater reinforcement of the assigned flavor from the ice cream sample. 

However, this did not occur and the post-ratings of nearly all the flavored solutions were 

lower than the pre-ratings. We believe this occurred due to the great contrast between 
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the solutions and the assigned ice cream sample. The panelists tasted all five flavored 

solutions followed by three sessions of tasting flavored ice cream of a considerably high 

fat content. Following these exposures, panelists again tasted the flavored solutions. It 

appears from the low overall ratings of the flavored solutions that panelists did not 

highly like the samples, and in some cases disliked the samples. This low level of 

likeability and dislike of the samples appears to have been magnified in the panelists’ 

minds after being exposed to an ice cream sample which was liked so highly and 

perceived as very pleasant. Thus, going from tasting ice cream to tasting the solutions 

may have caused the panelists to give an exaggeratedly low rating. It is evident this 

occurred when considering the results discussed previously for the guava group ratings 

where the peach- and lychee-flavored solutions decreased significantly (p<0.05). An 

additional difference between Study one and Study two was the screening criteria for 

potential participants. Panelists were not chosen based on fruit consumption history, as 

in Study one. Instead, anyone could participate, regardless of their previous exposure to 

lychee or guava. Table 4-15 shows the fruit consumption history data collected for 

Study two. Nearly 80% of panelists had previously consumed lychee or guava, which 

may have had some effect on the outcome of the data. Although the concentrated flavor 

systems used in this study are unique, familiarity with the flavor may have affected the 

panelists’ perception of the flavored solutions. This is a possible source of error for 

Study two, although the need for panelists who have never been exposed to a particular 

flavor may not have been necessary. Panelists in Study one had no exposure to lychee 

or guava and the results are very similar to those of Study two. However, the slight 

differences in the ratings, particularly the decrease in ratings between pre-ratings and 
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post-ratings, could be contributed to the panelists’ familiarity with guava and lychee 

flavors. Thus, this may indicate the need for flavors to be novel to panelists. We expect 

altering previously formed opinions about a food may be more difficult than altering the 

opinion about novel flavors. Figure 4-16 and Figure 4-17 show the distribution of how 

panelists rated the flavored solutions for the guava group and lychee group, 

respectively. This range of average ratings for the solutions falls mostly on the positive 

side of the scale, which is similar to distributions observed in Study one. 

The same data set from Study two was also sorted by gender and BMI. As with 

Study one, panelists’ data were separated into normal weight (BMI values less than 25) 

and overweight (BMI values 25 or greater). Seventy-eight panelists (75%) were 

considered normal weight and twenty-six (25%) were classified as overweight. Our 

results found no associations between BMI values and significance of hedonic ratings. 

Table 4-16 and Table 4-17 show the mean flavored solution ratings and p-values of the 

guava group for normal weight and overweight groups, respectively. Table 4-18, and 4-

19 show the mean flavored solution ratings and p-values of the lychee group for normal 

weight and overweight groups, respectively. Additionally, Figures 4-18, 4-19, 4-20, and 

4-21 graphically represent the same mean ratings and p-values. Similar results were 

observed as were found in Study one. As with Study one, analyses were performed to 

determine if BMI groups differed in overall hedonic ice cream ratings (no separation of 

guava from lychee flavors). Table 4-8 shows the average overall ice cream hedonic 

rating for each exposure and the p-value corresponding to the comparison of the normal 

weight group to the overweight group. No significant differences were observed for any 

of the three exposures when hedonic ratings of the ice cream for the normal weight 
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group were compared to those of the overweight group. Although no significant 

differences were observed, it is important to note some variations in hedonic ratings 

were observed in the data which closely resemble those observed in the raw data set 

(no gender or BMI separation) for Study two. Separation of data by gender was selected 

again in Study two to discover if any differences existed between males and females. 

Sixty-two females (60%) and forty-two males (40%) participated in this study. No 

significant differences in ratings among males and females were observed. Table 4-20 

and Table 4-21 show the mean flavored solution ratings and p-values of the guava 

group for female and male groups, respectively. Table 4-22, and 4-23 show the mean 

flavored solution ratings and p-values of the lychee group for female and male groups, 

respectively. Additionally, Figures 4-22, 4-23, 4-24, and 4-25 graphically represent the 

same mean ratings and p-values. The changes present in hedonic ratings are very 

small and do not indicate near-significance. However, these results are consistent with 

the previously discussed data for Study two. 
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Table 4-1.  Study one guava group mean ratings and p-values for flavored solutions 

 Strawberry Peach Raspberry Lychee Guava 

Pre-rating 17.48 11.42 2.68 -7.02 -6.80 
Post-rating 14.04 15.72 5.14 -1.44 1.72 
P-value 0.4696 0.2062 0.6428 0.2207 0.0548 

 
Table 4-2.  Study one lychee group mean ratings and p-values for flavored solutions 

 Strawberry Peach Raspberry Lychee Guava 

Pre-rating 24.62 12.66 5.79 -4.00 0.11 
Post-rating 18.89 12.26 11.00 2.68 7.34 
P-value 0.1334 0.9314 0.2159 0.2420 0.1943 

 
 
 

  
Figure 4-1.  Study one guava group mean ratings for flavored solutions with p-values 

indicated above each sample 
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Figure 4-2.  Study one lychee group mean ratings for flavored solutions with p-values 

indicated above each sample 

 
 
 
Table 4-3.  Group mean ratings of ice cream samples for study one and study two 

 Study 1 Study 2 

 Guava Lychee Guava Lychee 
 N = 50 N = 47 N = 52 N = 52 

Exposure 1 48.90 43.83 32.89 39.64 
Exposure 2 N/A N/A 33.15 37.17 
Exposure 3 N/A N/A 36.23 37.52 
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Figure 4-3.  Study one distribution of flavored solution ratings for guava group 

 
 
 

 
Figure 4-4.  Study one distribution of flavored solution ratings for lychee group 
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Table 4-4.  Study one guava group mean solution ratings and p-values for normal 
weight group 

 Strawberry Peach Raspberry Lychee Guava 

Pre-rating 19.92 13.11 3.65 -0.84 -4.92 
Post-rating 14.54 18.57 4.95 -1.43 2.92 
P-value 0.3498 0.1112 0.8126 0.9061 0.1408 

 
Table 4-5.  Study one guava group mean solution ratings and p-values for overweight 

group 

 
Table 4-6.  Study one lychee group mean solution ratings and p-values for normal 

weight group 

 Strawberry Peach Raspberry Lychee Guava 

Pre-rating 17.89 9.33 10.04 4.22 -1.04 
Post-rating 13.22 13.37 17.74 12.11 10.52 
P-value 0.4045 0.4687 0.1853 0.2714 0.1498 

 
Table 4-7.  Study one lychee group mean solution ratings and p-values for overweight 

group 

 Strawberry Peach Raspberry Lychee Guava 

Pre-rating 33.70 17.15 0.05 -15.10 1.65 
Post-rating 26.55 10.75 1.90 -10.05 3.05 
P-value 0.1579 0.4376 0.7672 0.5997 0.8542 

 
  

 Strawberry Peach Raspberry Lychee Guava 

Pre-rating 10.54 6.62 -0.08 -24.62 -12.15 
Post-rating 12.62 7.62 5.69 -1.46 -1.69 
P-value 0.8098 0.9130 0.6774 0.0165 0.2109 
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Figure 4-5.  Study one guava group mean solution ratings for normal weight group with 

p-values indicated above each sample 

 
 
 

 
Figure 4-6.  Study one guava group mean solution ratings for overweight group with p-

values indicated above each sample  
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Figure 4-7.  Study one lychee group mean solution ratings for normal weight group with 

p-values indicated above each sample 

 
 
 

 
Figure 4-8.  Study one lychee group mean solution ratings for overweight group with p-

values indicated above each sample  
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Table 4-8.  Overall mean ice cream ratings for normal weight and overweight BMI 
groups for study one and study two, including p-values for comparison of 
normal weight to overweight for each exposure 

 
  

 Study 1  Study 2  

 Normal 
Weight 

Overweight P-Value Normal 
Weight 

Overweight P-Value 

 N = 64 N = 33 (α=0.05) N = 78 N = 26 (α=0.05) 

Exposure 1 42.47 54.15 0.0678 34.81 40.62 0.3613 
Exposure 2 N/A N/A N/A 33.33 40.65 0.2164 
Exposure 3 N/A N/A N/A 36.15 39.04 0.6601 
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Table 4-9.  Study one guava group mean solution ratings and p-values for female group 

 Strawberry Peach Raspberry Lychee Guava 

Pre-rating 23.70 16.18 -2.91 -8.94 -11.18 
Post-rating 16.03 19.27 5.52 -3.36 -1.55 
P-value 0.2299 0.4435 0.2383 0.3954 0.0911 

 
 
 

 
Figure 4-9.  Study one guava group mean solution ratings for female group with p-

values indicated above each sample 
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Table 4-10.  Study one guava group mean solution ratings and p-values for male group 

 Strawberry Peach Raspberry Lychee Guava 

Pre-rating 5.41 2.18 13.53 -3.29 1.71 
Post-rating 10.18 8.82 4.41 2.29 8.06 
P-value 0.4728 0.3051 0.2011 0.2250 0.3803 

 
 
 

 
Figure 4-10.  Study one guava group mean solution ratings for male group with p-values 

indicated above each sample 
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Table 4-11.  Study one lychee group mean solution ratings and p-values for female 
group 

 Strawberry Peach Raspberry Lychee Guava 

Pre-rating 24.80 15.20 14.70 6.57 0.47 
Post-rating 22.83 16.50 17.00 13.53 8.80 
P-value 0.7020 0.8262 0.6847 0.3579 0.3028 

 
 
 

 
Figure 4-11.  Study one lychee group mean solution ratings for female group with p-

values indicated above each sample 
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Table 4-12.  Study one lychee group mean solution ratings and p-values for male group 

 Strawberry Peach Raspberry Lychee Guava 

Pre-rating 24.29 8.18 -9.94 -22.65 -0.53 
Post-rating 11.94 4.77 0.41 -16.47 4.77 
P-value 0.0236 0.6715 0.0948 0.4851 0.4004 

 
 
 

 
Figure 4-12.  Study one lychee group mean solution ratings for male group with p-

values indicated above each sample 
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Table 4-13.  Study two guava group mean ratings and p-values for flavored solutions 

 Strawberry Peach Raspberry Lychee Guava 

Pre-rating 3.17 8.12 6.04 6.87 -4.15 
Post-rating -2.00 -0.42 3.21 -0.33 -0.35 
P-value 0.1788 0.0107 0.4266 0.0410 0.2389 

 
Table 4-14.  Study two lychee group mean ratings and p-values for flavored solutions 

 Strawberry Peach Raspberry Lychee Guava 

Pre-rating 8.23 12.33 3.62 14.71 3.79 
Post-rating 6.15 14.23 10.60 14.94 1.50 
P-value 0.5706 0.5042 0.0535 0.9402 0.4257 

 
 

 
Figure 4-13.  Study two guava group mean ratings for flavored solutions with p-values 

indicated above each sample 

  

-6

-4

-2

0

2

4

6

8

10

Strawberry Peach Raspberry Lychee Guava

A
ve

ra
ge

 R
at

in
g 

Flavored Solution 

Average Ratings for Flavored Solutions: 
Guava Group 

Pre-Rating

Post-Rating

         0.0107 
         0.4266    0.0410 
 0.1788 
 
          
                  0.2389 



 

67 

 
Figure 4-14.  Study two lychee group mean ratings for flavored solutions with p-values 

indicated above each sample 

 
 
 

 
Figure 4-15.  Study two average ice cream ratings for lychee and guava across three 

sessions  

0

2

4

6

8

10

12

14

16

Strawberry Peach Raspberry Lychee Guava

A
ve

ra
ge

 R
at

in
g 

Flavored Solution 

Average Ratings for Flavored Solutions: 
Lychee Group 

Pre-Rating

Post-Rating

0

5

10

15

20

25

30

35

40

45

Lychee Guava

A
ve

ra
ge

 R
at

in
g 

Ice Cream Sample 

Study Two Average Ice Cream Ratings 

Session 1

Session 2

Session 3

         0.5042       0.9402 
                 
   0.5706           0.0535   
 

   
  0.4257 



 

68 

Table 4-15.  Study two fruit consumption history 

Fruit Yes No 

Strawberry 104 0 

Peach 104 0 

Papaya 83 21 

Raspberry 100 4 

Orange 103 1 

Blueberry 101 3 

Apricot 83 21 

Passionfruit 85 19 

Lychee 80 24 

Mango 101 3 

Guava 81 23 

Pomegranate 97 7 

Blackberry 94 10 

Pineapple 102 2 

Kiwi 101 3 
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Figure 4-16.  Study two distribution of flavored solution ratings for guava group 

 
 
 

 
Figure 4-17.  Study two distribution of flavored solution ratings for lychee group 
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Table 4-16.  Study two guava group mean solution ratings and p-values for normal 
weight group 

 Strawberry Peach Raspberry Lychee Guava 

Pre-rating 4.10 7.91 6.41 8.24 -4.33 
Post-rating -0.43 0.26 4.19 2.26 -0.83 
P-value 0.2698 0.0284 0.5627 0.1161 0.3137 

 
Table 4-17.  Study two guava group mean solution ratings and p-values for overweight 

group 

 Strawberry Peach Raspberry Lychee Guava 

Pre-rating -0.70 9.00 4.50 1.10 -3.40 
Post-rating -8.60 -3.30 -0.90 -11.20 1.70 
P-value 0.4713 0.2210 0.5837 0.1969 0.5712 

 
Table 4-18.  Study two lychee group mean solution ratings and p-values for normal 

weight group 

 
Table 4-19.  Study two lychee group mean solution ratings and p-values for overweight 

group 

 Strawberry Peach Raspberry Lychee Guava 

Pre-rating 1.75 10.50 3.88 8.56 2.00 
Post-rating 1.94 11.13 9.63 13.50 1.63 
P-value 0.9703 0.8244 0.1702 0.3844 0.9308 

 
 
  

 Strawberry Peach Raspberry Lychee Guava 

Pre-rating 11.11 13.14 3.50 17.44 4.58 
Post-rating 8.03 15.61 11.03 15.58 1.44 
P-value 0.5254 0.5324 0.1270 0.6160 0.4002 
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Figure 4-18.  Study two guava group mean solution ratings for normal weight group with 

p-values indicated above each sample 

 
 
 

 
Figure 4-19.  Study two guava group mean solution ratings for overweight group with p-

values indicated above each sample   
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Figure 4-20.  Study two lychee group mean solution ratings for normal weight group with 

p-values indicated above each sample 

 
 
 

 
Figure 4-21.  Study two lychee group mean solution ratings for overweight group with p-

values indicated above each sample  
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Table 4-20.  Study two guava group mean solution ratings and p-values for female 
group 

 Strawberry Peach Raspberry Lychee Guava 

Pre-rating 6.45 5.72 3.24 8.52 -6.38 
Post-rating 0.03 -1.79 4.62 5.72 -2.28 
P-value 0.3181 0.1361 0.8042 0.5982 0.4150 

 
Table 4-21.  Study two guava group mean solution ratings and p-values for male group 

 Strawberry Peach Raspberry Lychee Guava 

Pre-rating -0.96 11.13 9.57 4.78 -1.35 
Post-rating -4.57 1.30 1.44 -7.96 2.09 
P-value 0.2961 0.0216 0.0420 0.0034 0.3689 

 
Table 4-22.  Study two lychee group mean solution ratings and p-values for female 

group 

 Strawberry Peach Raspberry Lychee Guava 

Pre-rating 6.49 10.70 -1.33 10.79 -1.73 
Post-rating 2.52 12.42 10.24 10.94 -3.30 
P-value 0.4774 0.6859 0.0295 0.9728 0.7096 

 
Table 4-23.  Study two lychee group mean solution ratings and p-values for male group 

 Strawberry Peach Raspberry Lychee Guava 

Pre-rating 11.26 15.16 12.21 21.53 13.37 
Post-rating 12.47 17.37 11.21 21.90 9.84 
P-value 0.6654 0.4081 0.7706 0.9184 0.2429 
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Figure 4-22.  Study two guava group mean solution ratings for female group with p-

values indicated above each sample 

 
 
 

 
Figure 4-23.  Study two guava group mean solution ratings for male group with p-values 

indicated above each sample  
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Figure 4-24.  Study two lychee group mean solution ratings for female group with p-

values indicated above each sample 

 
 
 

 
Figure 4-25.  Study two lychee group mean solution ratings for male group with p-values 

indicated above each sample 
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CHAPTER 5 
CONCLUSION 

The main objective of this study was to better understand human food choice in 

regards to the mechanisms responsible for the development of food liking. This 

objective was met by investigating if hedonic ratings of two novel flavors would increase 

after being paired with an innately positive food matrix. Results indicate there is the 

potential for flavors to become liked more after being associated with an innately 

positive food matrix. Variations in hedonic ratings were present in both Study one and 

Study two demonstrating increased ratings of experimental flavors. Most promising was 

the near-significant increase for the guava-flavored solution of the guava group in Study 

one. However, the hypothesis was rejected that the hedonic rating of flavors will 

increase after being paired with an innately positive food matrix (ice cream). There were 

no significant increases (p<0.05) in the ratings of the experimental flavors for Study one 

or Study two. Additionally, no clear differences were observed when data were sorted 

by gender and BMI. However, the changes in hedonic ratings observed are encouraging 

for future research in this area. Specifically, the consistency of the observed variations 

in hedonic ratings between both studies is promising, as it indicates both strengths and 

weaknesses of this particular experimental design. Integrating alterations to the 

experimental design based on the possible sources of error observed in this project 

would be useful for further research in this area. 

Though the results show some increases in ratings, the lack of significant increases 

begs a discussion of future directions. Most notable from the results of these studies are 

the considerably low ratings for the flavored sugar solutions. As mentioned previously, 

these samples were formulated to create samples which are simple and isolate a single 
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flavor. This goal was achieved, but the samples were disliked strongly from a subset of 

panelists. Although the solutions were sweetened to 5% sucrose, it is apparent the 

concentrated flavors added to the solution were not pleasant singularly. A sugar solution 

was therefore not the most natural food matrix for isolating singular flavors. Perhaps a 

whipped dairy product, unsweetened yogurt, or another similar palatable matrix would 

have served the purpose better. Overall, the food matrix for addition of the isolated 

flavors would need to be a relatively neutral or positively received sample. Beyond the 

personal likeability of the samples, hunger may play a vital role in reinforcing a flavor. 

Future studies in this area would benefit by incorporating this as a variable to discover 

its importance for driving flavor liking and how our body responds to food when hungry 

in regards to flavor learning. Additionally, the novelty of flavors to panelists is a variable 

which must be considered when attempting to drive the liking of a flavor. Although the 

studies in this project differed in panelists’ familiarity with the flavors, results do not 

clearly indicate the importance of this variable. However, subjects most likely should be 

unfamiliar with a flavor, as changing the opinion of a previously familiar flavor would be 

a formidable task. Finally, the variability among sample flavors is a variable which must 

be considered. The studies in this project focused on fruit flavors, which are fairly 

similar. Future research in this area may need to consider utilizing samples which are 

non-overlapping. In other words, samples which differ greatly in flavor should be 

exploited (eg. peanut butter, fruit, vegetable, meat, bread, etc.). 

The above mentioned variables should be considered for future research in this 

area, as these studies are promising for developing a better understanding of flavor 

learning. Above all, investigating the driving factors of flavor liking would provide further 
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information about the olfactory system and how our brain processes flavors to create 

memory templates. Furthermore, this research and future research in this area can lead 

to an overarching understanding of acceptability, preference, and affective responses to 

foods in humans. 
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APPENDIX A 
QUESTIONNAIRE 

Flavored sugar solutions and ice cream 

Please complete the form below. If you pass the screening criteria, you will receive an 
email by the evening of Friday, September 14.  
* Required 
 

First name* ____________________ 

Last name* ____________________ 

E-mail* ____________________ 

 
Question 1* Which of the following fruits have you ever consumed in any form   
  (including raw fruit, juice, juice blend)? 

 Yes No 

Strawberry   

Peach   

Papaya   

Raspberry   

Orange   

Blueberry   

Apricot   

Passion fruit   

Lychee   

Mango   

Guava   

Pomegranate   

Blackberry   

Pineapple   

Kiwi   

 
Question 2* Is there anything else we should know (food allergies, food restrictions,  
  etc.)? 
 
 ________________________________________________________________ 
 
 ________________________________________________________________ 
 
 ________________________________________________________________ 
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APPENDIX B 
HGLMS 
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APPENDIX C 
IRB FORM 

Fresh & Processed Foods Taste Panel Consent Form 
I, Charles Sims (Professor, Food Science and Human Nutrition Department), am 
requesting your consent to participate in the sensory testing of fresh and processed 
foods.  You will be given between 1 and 10 samples and will be asked to evaluate the 
different attributes of the foods.  We simply want your opinion of these products.  This 
should take about 5 - 10 minutes of your time.  Your name will not appear on the ballot 
that you fill out to keep your responses confidential to the extent provided by the law. 
These food products are produced by commercial companies as part of their research 
and development activities and are very similar to commercial foods available in retail 
markets.  You will be verbally informed of the exact type of food product and if the 
product contains aspartame (Nutrasweet).  All ingredients in these products are 
approved for use in foods.  Products will be served at temperatures generally 
associated with the food products, including cool temperatures for some and heated 
and/or room temperature for others.  We will handle and present the products to you in 
a sanitary manner.  You will be asked to evaluate the products in a private booth, and 
water to rinse your mouth and crackers will be provided.  To the best of our knowledge, 
there are no known risks associated with tasting these products, nor are there any 
immediate benefits.  Your participation is voluntary, and you are free to withdraw at any 
time.  You will be given a reward for your participation, up to $10.00 per session 
attended. 
Questions or concerns about research participants’ rights can be directed to the UFIRB 
Office, PO Box 112250, University of Florida, Gainesville, FL 32611-2250. 
If you need further information about this project, please contact me at 392-1991 or 
come by my office at Room 130 Aquatic Foods Pilot Plant (Building 120). 
 
                                                    ____________        
Principal Investigator’s Signature  Date 
 
 
                                                                                                                                              
I have read the procedure described above and have been offered a copy of this 
description, and I agree to participate in the procedure. 
 
Participant’s Signature:   Date: 
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APPENDIX D 
COMPUSENSE TEST BALLOT 

Today's Sample: 
 

Flavored Sugar 
Solutions 

 
 
 
 

To start the test, click the Continue button below: 
 
 

CONTINUE 
 
 
 
 
 
 
 
 

Panelist Registration Number: ________ 
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Please indicate your gender. 
 
o Male 
o Female 
 
 
 
Please enter your age. 
 
Age    ______________ 
 
 
 
Please enter your height (For example: If you are 5 feet and 3 inches in height, enter 503). 
 
Height    ______________ 
 
 
 
Please enter your weight in pounds. 
 
Weight    ______________ 
 
 
 
What is your ethnic background? 
 
o Hispanic 
o Non-Hispanic 
 
 
 
Which of the following best describes you? 
 
o Asian/Pacific Islander 
o Black or African-American 
o White or Caucasian 
o Native American, Alaska Native, Aleutian 
o Other 
 
 
 
Have you ever suffered from middle ear infections? 
 
o No 
o Yes, but not serious 
o Yes, required antibiotics more than once 
o Yes, required tubes in ears  
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S C A L E   1 

 
1. Now, please take a few minutes to identify the  

strongest LIKING (i.e., pleasure) of any kind that you have 
ever experienced.   

 
2. Once you have identified your strongest LIKING 

experienced,  
please write it down on the paper provided and type it in 

on the next screen. 
 
 

3. Please remember to use the strongest liking that 
you've identified,  

and written down as the top of your scale (100). 
 
   
 
 

Please click on the 'Continue' button below. 
  
Question # 1. 
 
Please type the strongest LIKING OF ANY KIND YOU'VE EXPERIENCED in the space below and 
remember that this sensation will be 100 on your scale ( S C A L E  1 ). 

 
  
____________________________________________________________________________________ 
 
____________________________________________________________________________________ 
 
____________________________________________________________________________________ 
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S C A L E   1 
 

1. Now, please take a few minutes to identify the  
strongest DISLIKING (i.e., displeasure) of any kind that 

you have ever experienced.   
 

2. Once you have identified your strongest DISLIKING 
experienced,  

please write it down on the paper provided and type it in 
on the next screen. 

 
 

3. Please remember to strongest disliking that you've 
identified,  

and written down as the bottom of your scale (-100). 
 
   
 
 

Please click on the 'Continue' button below. 
  
Question # 2. 
 
Please type the strongest DISLIKING OF ANY KIND YOU'VE EXPERIENCED in the space below and 
remember that this sensation will be -100 on your scale ( S C A L E  1 ). 

 
  
____________________________________________________________________________________ 
 
____________________________________________________________________________________ 
 
____________________________________________________________________________________ 
 



 

86 

 
 
 

S C A L E   1 

 
On the line scale, 100 indicates the most intense liking 
(i.e., pleasure) you have ever  experienced (no matter 

what the source). Similarly, -100 indicates the 
opposite: the most intense disliking you have ever 

experienced. Neutral is indicated by 0. 
 

Please use your 100 and -100 (written on the paper 
provided) to  

answer the following questions. 
 
 

Please click the 'Continue' button below.  
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Question # 3  
 
Please rate the experiences listed below from memory using your S C A L E 1. 
  
Listening to your Favorite music 
 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
         
     
 
 
Spending time with your loved ones 
 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
         
     
 
 
The death of a loved one 
 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
         
     
 
 
The most intense anger you've experienced 
 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
         
     
 
 
The most nervous you have ever been 
 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
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The most intense annoyance you've experienced 
 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
         
     
 
 
 
Eating your favorite food 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
         
     
 
 
Eating your least favorite food 
 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
         
     
 
 
Proudest you've ever been of accomplishing a specific goal 
 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
         
     
 
 
The most Enthusiastic you've ever been about a hobby 
 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
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The Shyest you've ever been 
 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
         
     
 
 
 
The most Amused you have ever been by an anecdote 
 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
         
     
 
 
 
The most Inspired you have ever been by a lecture.   
 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
         
     
 
 
 
The most Disgusted you have ever been by a specific food 
 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
         
     
 
 
 
The Best tomato you've ever tasted 
 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
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The Worst tomato you've ever tasted 
 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
         
     
 
 

 
 
 

PLEASE LIFT THE 
WINDOW TO  

RECEIVE YOUR SAMPLES. 
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You are now ready to taste sample <<Sample1>>. 
 

Take a bite of cracker and a sip of water to rinse your 
mouth.  

  
 

WHEN ANSWERING ANY QUESTION, MAKE SURE 
THE NUMBER ON THE CUP MATCHES THE NUMBER 

ON THE MONITOR. 
 

Please click on the 'Continue' button below. 
  

 
  
Question # 1 - Sample <<Sample1>> 
 
Please use your S C A L E  1 to rate your overall liking of Sample <<Sample1>>. 
  
OVERALL LIKING 
 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
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You are now ready to taste sample <<Sample2>>. 
 

Take a bite of cracker and a sip of water to rinse your 
mouth.  

  
 
 

WHEN ANSWERING ANY QUESTION, MAKE SURE 
THE NUMBER ON THE CUP MATCHES THE NUMBER 

ON THE MONITOR. 
 

Please click on the 'Continue' button below. 
  
Question # 1 - Sample <<Sample2>> 
 
Please use your S C A L E  1 to rate your overall liking of Sample <<Sample2>>. 
  
OVERALL LIKING 
 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
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You are now ready to taste sample <<Sample3>>. 
 

Take a bite of cracker and a sip of water to rinse your 
mouth.  

  
 
 

WHEN ANSWERING ANY QUESTION, MAKE SURE 
THE NUMBER ON THE CUP MATCHES THE NUMBER 

ON THE MONITOR. 
 

Please click on the 'Continue' button below. 
  
Question # 1 - Sample <<Sample3>> 
 
Please use your S C A L E  1 to rate your overall liking of Sample <<Sample3>>. 
  
OVERALL LIKING 
 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
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You are now ready to taste sample <<Sample4>>. 
 

Take a bite of cracker and a sip of water to rinse your 
mouth.  

  
 
 

WHEN ANSWERING ANY QUESTION, MAKE SURE 
THE NUMBER ON THE CUP MATCHES THE NUMBER 

ON THE MONITOR. 
 

Please click on the 'Continue' button below. 
  
Question # 1 - Sample <<Sample4>> 
 
Please use your S C A L E  1 to rate your overall liking of Sample <<Sample4>>. 
  
OVERALL LIKING 
 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
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You are now ready to taste sample <<Sample5>>. 
 

Take a bite of cracker and a sip of water to rinse your 
mouth.  

  
 
 

WHEN ANSWERING ANY QUESTION, MAKE SURE 
THE NUMBER ON THE CUP MATCHES THE NUMBER 

ON THE MONITOR. 
 

Please click on the 'Continue' button below. 
  
Question # 1 - Sample <<Sample5>> 
 
Please use your S C A L E  1 to rate your overall liking of Sample <<Sample5>>. 
  
OVERALL LIKING 
 
Strongest                                        Neutral                                        Strongest 
Dislike                                                                                                                         Like 
 
-100               0                             100 
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Please 
Lift your window! 

 
Today's test is complete. 

 

You must return for the next 
session! 

Check your email for your scheduled time. 
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