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7.1 summaRy anD inTegRaTion oF The FinDings

7.1.1 how to effectively deal with liking variability between consumers
The degree in which food is liked is considered as one of the most important factors deter-
mining food choice and intake. A food that is liked is consumed more while disliked foods 
will not be consumed again (Sørensen et al., 2003). As described throughout this thesis, and 
especially in chapter 2, there is large variability in liking for specific food products between 
consumers. These differences in food liking also exist within consumers during repeated 
exposure to foods or at different moments in time. An example in chapter 1 clearly showed 
that simply looking at consumer group averages may provide a very distorted image of food 
liking during repeated exposure, which complicates predicting whether a food product will 
be sold. To address this, consumers should not be treated as a uniform group but should be 
segregated (or clustered) into subgroups (Hoek et al., 2013; Köster and Mojet, 2015; Köster, 
2003; Kremer et al., 2013). To the best of our knowledge, two previous studies addressed this 
problem by creating subgroups based on the direction of the regression slope in temporal 
liking patterns (Hoek et al., 2013; Kremer et al., 2013). This type of data clustering divides 
consumers into subgroups that typically show a decrease in liking, an increase in liking or 
no significant changes in liking. As shown in chapter 1, the drawback of this approach is 
that information about the slope only informs about pattern changes, while liking cannot 
be discriminated from disliking. In chapter 2, we addressed this problem by using a cluster 
algorithm. A cluster algorithm divides consumers into subgroups that differ in terms of both 
the initial degree of liking and temporal dynamics in liking. Furthermore, we reasoned that 
typical behaviors do not only exist between consumers but also within consumers. Therefore, 
we shifted the focus from individual food products and/or consumers to consumer-product 
combinations allowing us to fully explore the typical behavioral patterns that exist between 
and within consumers. Our method showed that liking data contains much more informa-
tion than either looking at group averages or at temporal changes in liking. We were able to 
show which liking behaviors are typically present and how these behaviors are associated 
with specific products. We therefore believe that segmenting behaviors provides far more 
possibilities to increase insight in (temporal dynamics of) food liking.

7.1.2 Combining liking and evoked emotions to predict food choice
In chapter 3, we used liking and evoked emotion ratings to predict individualized product 
choice. Although food liking is one of the most important factors determining food choice, 
it did not fully explain food choice behavior in real world environments (de Graaf et al., 
2005). To find different determinants for food choice, considerable attention has been given 
to food-evoked emotions as motivators for food choice leading to the introduction of several 
instruments and guides for measuring food-evoked emotions in recent years, (Desmet and 
Schifferstein, 2008; Jiang et al., 2014; Manzocco et al., 2013; Ng et al., 2013; Schifferstein 
and Desmet, 2010; Thomson et al., 2010). However, previous studies have not shown wheth-
er food-specific emotional profiles contain additional information over liking, in explaining 
or predicting subsequent food choice behaviour. We addressed this issue in the work pre-
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sented in chapter 3. In this study, we measured emotions evoked by unbranded breakfast 
drinks by using two emotion measurement instruments. To get a succinct representation of 
food evoked emotions, we used the widely accepted conceptualization of emotions by Rus-
sell (1980), who described that emotions extend across a two-dimensional space consisting 
of two orthogonal axes: valence and arousal. It was previously shown that data from emo-
tion measurement techniques can consistently be decomposed into this two-dimensional 
emotion space using factor analytic techniques (Bhumiratana et al., 2014; Ng et al., 2013, 
chapter 3). Similarly, our acquired data could be decomposed into valence and arousal 
scores using principal component analysis. Based on the resulting scores, we showed for the 
first time that using evoked emotion ratings improve predicting food choice over merely lik-
ing ratings. Interestingly, the valence scores improved prediction performance, while arousal 
scores did not. 

In a more recent follow-up study, we applied our analysis on a dataset in which partici-
pants rated liking and evoked emotions for unlabeled breakfast drinks in a setting identical 
to the study presented in chapter 3. In this study, we also included a condition in which par-
ticipants were instructed to report liking ratings and evoked emotion ratings based on merely 
looking at the package (Gutjar et al., 2015). An important feature of the package is that it 
contains branding information, which has a strong subjective impact on consumer choices 
(McClure et al., 2004). With this study we were able to repeat our findings for unbranded 
drinks: liking combined with valence scores predicted choice best. In addition to liking and 
valence scores, arousal scores improved choice prediction in the package condition. This 
finding indicates that choices based on visually perceiving the package are based on different 
emotional constructs than choices based on a taste. 

7.1.3 Liking in the brain
In chapters 4-6 we shifted our focus to the representation of taste and flavor liking in the 
brain. First, we investigated how the insula, which includes the primary sensory area for 
taste, was associated with different aspects of taste perception such as taste liking. Second, 
we investigated how interindividual differences in liking for basic tastes and a specific flavor 
are represented in the brain. Third, we investigated whether we could relate a functional 
brain network to flavor liking. 

7.1.3.1 Liking in the insula
Many studies have indicated that subregions of the insular cortex process different taste char-
acteristics such as its likability (or pleasantness) and intensity (Bender et al., 2009; Nitschke 
et al., 2006; Spetter et al., 2010). However, liking and intensity ratings highly correlate in 
many cases (Pfaffmann, 1980; Veldhuizen et al., 2006). For example, increasing concentra-
tions of a salty taste become increasingly disliked (Pfaffmann, 1980; chapter 4). Thus, when 
brain responses correlate with liking responses, these brain responses may correlate with 
intensity as well. If both these aspects are not measured and/or manipulated within the same 
paradigm, confounding effects of liking can not be excluded when analyzing intensity effects 
in the brain and vice versa. Moreover, when both liking and intensity are measured, it may 
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still be difficult to disambiguate effects of these two aspects in the brain, as they will explain 
overlapping variance measured in the brain responses. In chapter 4, we investigated the 
insular specialization in taste processing by measuring brain responses as well as liking rat-
ings evoked by tastants that varied in quality and in concentration. We addressed the above-
mentioned issue by applying a data-driven multivariate approach. This method allowed us to 
show the differentiation between taste liking and taste concentration. We found that the left 
and right insula were differently associated with liking ratings and taste concentration. We 
also confirmed that the insula processes multiple characteristics of a taste. 

In the study presented in chapter 4, we found an association between BOLD-responses 
in the left insula and liking responses. Interestingly, final liking judgments are believed to be 
made in the orbitofrontal cortex (Kringelbach and Radcliffe, 2005; Kringelbach and Rolls, 
2004) which receives taste information from the insular cortex (Baylis et al., 1995). Therefore, 
our results may indicate that taste liking is already coded in the insula before processing in 
the orbitofrontal cortex. 

We showed in chapter 4 that liking is processed more posteriorly than chemosensory 
characteristics of a taste, which are processed in the primary gustatory cortex (i.e. antero-
ventral insula). In rodents chemosensory and hedonic characteristics of taste stimuli are also 
processed in close proximity to each other (Carleton et al., 2010). In rodents the hedonic fea-
tures of taste are often investigated using a conditioned taste aversion (CTA) paradigm. CTA 
occurs when an animal associates the taste of a food stimulus with illness. In a CTA paradigm 
an aversion is developed by presenting the animal with a specific taste immediately followed 
by an injection of nausea-inducing drug. Although previous research indicated that lesions in 
the gustatory cortex of rats eliminates a CTA, recent work by Hashimoto and Spector (2014) 
and Schier et al. (2014) showed that rats with gustatory cortex lesions hardly showed any sign 
of CTA. Because some rats did show impairments, the authors reasoned that interindividual 
differences in lesion site might give a more definite answer to the question what insular area 
impaired the CTA. Using a lesion mapping strategy, Schier et al., (2014) showed that not the 
gustatory cortex but cortical regions in the insula adjacent and extending in the posterior 
direction of the insula correlated with CTA performance. Thus, in line with our findings it 
seems that hedonic characteristics of taste are likely to be processed in areas adjacent to the 
posterior part of the primary gustatory cortex.

7.1.3.2 Neurobiology of interindividual differences in taste and flavor liking
In chapter 5, we investigated how interindividual differences in liking for a flavor stimulus 
is represented in the brain. Furthermore, we investigated whether this representation was 
similar to the neural representation differentiating affective responses to basic tastes (i.e. 
sweet versus bitter). As there are large interindividual differences in grapefruit juice-liking, 
we chose to use grapefruit juice as flavor stimulus and included participants that either liked 
or disliked grapefruit juice. 

Although the observed neural correlates differentiating likers from dislikers were sub-
tle, the results showed that several brain areas distinguished between likers and dislikers of 
grapefruit juice, such as the ventral prefrontal cortex and ventral striatum. Furthermore, the 
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results indicated that the neural representation of grapefruit juice liking differed from the 
neural representation differentiating between the basic tastes sweet and bitter. Flavor lik-
ing may therefore be differently processed in the brain than basic taste liking. However, it 
is important to note that a sweet and bitter taste are likely to be processed by very different 
physiological systems, as a sweet taste is associated with the presence of energy while a bitter 
taste signals for potential danger. Therefore, a comparison between the basic taste and flavor 
results in chapter 5 need to be interpreted with caution. 

In a recent study, Rudenga and Small (2013) have shown that interindividual differences 
in liking for a basic taste (sucrose) are also measurable in the brain. In correspondence with 
our study, these authors found that BOLD-responses in the ventromedial prefrontal cortex 
(vmPFC) differentiated sweet likers from sweet dislikers. Therefore, we believe that the vmP-
FC is one of the key areas underlying interindividual differences in food liking.  

7.1.3.3 The ventral emotion system associated with flavor liking
Brain areas process information while they function in a network-environment. Therefore, we 
shifted our focus from “hedonic hotspots” referring to key areas that are associated with lik-
ing or disliking, to a network approach, in chapter 6. We based our study on previous work 
by Phillips et al. (2003), who discussed the existence of a neuronal ventral emotion network 
encompassing the amygdala, insula, ventral striatum, and ventral regions of the prefrontal 
cortex. These authors related this network with identifying the emotional significance of stim-
uli and the production of affective states. Interestingly, many previous neuroimaging studies, 
including our own, identified “hedonic hotspots”, such as the ventral striatum, vPFC, amyg-
dala and anterior insula, which all reside within this ventral emotion network (e.g., chapter 
4, chapter 5, Berridge, 2009; Cerf-Ducastel et al., 2012; Crouzet et al., 2015; de Araujo et 
al., 2003; Hayes et al., 2014; McCutcheon et al., 2012; Nitschke et al., 2006; Small et al., 
2003; Winston et al., 2005). Therefore, we hypothesized that this ventral emotion system also 
processes the pleasantness of flavor stimuli. 

To investigate this network, we used two datasets from fMRI studies in which participants 
were exposed to flavored drinks. In the first dataset participants judged eight regular off the 
shelf drinking products while participants judged six oral nutritional supplements (ONS) in 
the second dataset. As we intended to investigate whether the ventral emotion network was 
intrinsically present during flavor processing, we used ICA to identify functional brain net-
works. The ventral emotion network could be identified in each data set. For one dataset this 
network was strongly associated with flavor liking while in the second dataset the relation 
was not so obvious. We argued that his may be related to the type of flavor stimuli that was 
used. Nevertheless, the spatial similarity was remarkably high and the spacial pattern mainly 
encompassed the right hemisphere. In accordance with our hypothesis, this result suggests 
that flavor pleasantness is coded in a general network associated with identifying the emo-
tional significance of stimuli and the production of affective states.



501355-L-sub01-bw-Dalenberg501355-L-sub01-bw-Dalenberg501355-L-sub01-bw-Dalenberg501355-L-sub01-bw-Dalenberg

Chapter 7

124

7.2 FuTuRe PeRsPeCTives

The next paragraphs will discuss future perspectives in taste and flavor research. We will first 
discuss general perspectives transcending multiple research fields. Subsequently, we will 
discuss future perspectives for behavioral research and neuroimaging research. 

7.2.1 Future perspectives i: behavioral research in food perception
7.2.1.1 Implicit emotion measures
Consumers can (to some degree) be considered as irrational decision-makers as there exists a 
discrepancy between expressed intentions and subsequent behavior (Ariely and Berns, 2010; 
Ariely, 2009; Kahneman and Snell, 1992; Köster, 2003; Sheeran, 2002). Within the context 
of food, this discrepancy may become very large (Weijzen et al., 2008a). This indicates that 
food choice is often not based on rational decisions that can be articulated but governed by 
a more implicit (i.e. intuitive) decision process (Kahneman, 2003; Köster, 2003). Both the 
implicitness of food choice behavior and the discrepancy between intention and choice 
would advocate using different types of measurements in order to predict choice behavior. 
As we will indicate in §7.2.6, the emergence of the Neuromarketing field is a direct con-
sequence of the discrepancy between intention and choice. Furthermore, several methods 
have emerged to implicitly measure intentions, such as the implicit association task (Fazio 
and Olson, 2003). 

In the field of sensory, consumer and food science, considerable attention has been 
given to consumer emotions in order to better understand consumer choice and how choice 
alternatives differ from each other in emotional terms. Several measurement instruments 
for food-evoked emotions have been developed, that vary between an explicit (e.g. rating 
verbalized emotion-terms) to a more implicit nature (rating visually expressed emotions) 
(Desmet and Schifferstein, 2008; Jiang et al., 2014; King and Meiselman, 2010; Manzocco 
et al., 2013; Ng et al., 2013; Thomson et al., 2010). In chapter 3 of this thesis, we used both 
an explicit and a more implicit instrument to measure food evoked emotions, giving us the 
unique opportunity to compare these methods. The first instrument, EsSense Profile™ (King 
and Meiselman, 2010), had a verbal nature and measures 39 self-reported emotion intensity 
scores using an “emotional lexicon” (i.e. a predefined list of words that describe different 
emotions). The second instrument, Premo® (Desmet, 2005), was more implicit and mea-
sured 12 self-reported intensity scores of emotions that are expressed by animated cartoon 
characters. Our analysis showed that the more implicit emotion measurement method was 
better able to predict choice. Therefore, we advocate using more implicit methods, such as 
Premo®, to predict consumer choice behavior. Moreover, we believe that long emotion lexi-
cons force participants to make rational decisions in a relatively long time span, which, in 
our opinion, defies the purpose of predicting food choices that are often made in a relatively 
short time span and are often based on implicit motives (Köster, 2003). Our results also indi-
cate that an emotion measurement method with a relatively small number of measured emo-
tions is sufficient to better predict subsequent choice behavior than merely liking scores. We 
hypothesize that even a lower number of emotional variables that closely relate to valence 
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(e.g. disgust versus appetitive) and arousal (e.g. calm versus energetic) might be adequate. 
Furthermore, previous research indicates that practical variables (e.g. preparation time) as 
well as personal variables (e.g. impulsivity) also play important roles in food choice (Jabs and 
Devine, 2006; Nasser et al., 2004). Therefore, we would advocate using methods that mea-
sure a low number of practical, personal, and implicit emotional variables that compliment 
a liking-measure for more efficient and more accurate choice prediction. 

7.2.2 Future perspectives ii: neuroimaging research in food perception
7.2.2.1 Flavors versus basic tastes
To understand the neuronal correlates of taste perception, previous fMRI studies have fre-
quently used basic tastes as stimuli. Although we have also used basic tastes in several of 
our studies, the ecological validity of using basic tastes is questionable. In a real world en-
vironment, we are exposed to a wide variety of flavors, which are as a rule more complex 
than basic tastes; flavors also consist of e.g., olfactory components. As indicated in chapter 
1, our brain integrates information in the gustatory and olfactory modalities into the percep-
tion of flavors. Flavor processing is associated with the anteroventral insula, known as the 
primary gustatory cortex, which also responds to olfactory information (Kurth et al., 2010b; 
Small, 2012). Furthermore, insular lesions induce deficits in odor-induced flavor perception 
in patients with an intact sense of smell (Stevenson et al., 2015). We hypothesize that the 
responsiveness of the insula to both gustation and olfaction could be explained by the Heb-
bian theory of brain plasticity (Hebb, 1949), which indicates that two neurons or groups of 
neurons that are repeatedly active at the same time will strengthen their synaptic connection, 
so that activity in the one promotes activity in the other (i.e. neurons that fire together also 
wire together). Thus, as taste and smell are generally encountered together, associated brain 
areas will learn to process both stimulus modalities simultaneously. This idea can be further 
strengthened by the fact that the primary gustatory and olfactory cortices are separated by a 
single synapse (Rolls, 2001; Small et al., 2013). Moreover, recent work by Maier et al. (2012) 
showed that a significant portion of neurons in the primary olfactory cortex of rats selec-
tively respond to basic tastes indicating that these sensory modalities are very closely related. 
Therefore, we argue that the human brain is “tuned” to flavors and not to basic tastes and that 
separating the sensory modalities provides an incomplete view of food perception. Hence, 
we advocate using flavor stimuli in future research investigating food perception.

During our experiments we have slowly moved from using basic tastes towards flavors 
as experimental stimuli (see chapter 4-6). Up until now we have isolated activation patterns 
in the insula that were specifically associated with either liking or intensity of basic taste pro-
cessing (Chapter 4). However, it remains unclear whether the same distinctions hold when 
we dissociate intensity and liking for flavor processing. Additionally, the association between 
an emotion network and flavor liking (Chapter 6) raises the question whether our brain uses 
more “general” networks to determine liking and intensity irrespective of stimulus modality. 
We therefore aim to investigate intensity and liking for flavors as well as for other modali-
ties (e.g. viewing images) in the same participants in future studies. This would provide an 
understanding of how liking for stimuli in different modalities is related and further insights 
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in why stimuli in the one modality affect the perceived liking of stimuli in another modality 
(see e.g. Winkielman et al., 2005).  

7.2.2.2 Measuring beyond liking: choice behavior
In our work, we have mainly focused on investigating taste and flavor liking. However, as in-
dicated in chapters 1-3, liking might poorly correlate with consumer choices in real life set-
tings. Therefore, the possibility to generalize our neuroimaging findings to consumer choice 
in real life settings is limited. As indicated in chapter 3, the ultimate behavior of interest 
should not be expressed liking or expressed intentions but actual choice and/or consump-
tion. To address this issue in future experiments, we recommend observing choice-behavior 
and relating choice to multiple behavioral (e.g. liking and emotional ratings) and neuroimag-
ing measures (e.g. BOLD-responses or connectivity measures when watching and/or tasting 
food products). 

7.2.2.3 Chemotopy
Many studies have indicated that the insula processes taste quality information. So far, no 
study has shown how different taste qualities are represented in the insula or any other re-
gion in the human brain. In the study presented in chapter 4, we applied a factor analytic 
approach to extract the main source signals within the insula. Our results suggest that the 
largest variance components in the insula were associated with taste liking and taste concen-
tration. However, our analysis did not discern spatial sources associated with taste quality. 
Similarly, non-human primate studies did not find evidence for a so-called ‘chemotopy’ or 
‘gustotopy’ in the insula (Smith-Swintosky et al. 1991; Scott and Plata-Salamán 1999). These 
studies conclude that insular taste neurons appear to be broadly tuned to multiple taste quali-
ties and do not divide in statistically independent subgroups. Recent rodent studies, however, 
were more successful in finding a gustotopic map in the geniculate ganglion at the base of 
the mouse brain and in the insular cortex of mice (Barretto et al., 2014; Chen et al., 2011). 

Given the difficulties in finding a specific chemotopy in the human brain using brain 
imaging techniques, we hypothesize that chemotopy either takes place in a very small area 
on a scale that is difficult to measure using fMRI, or it might be captured in more complex 
spatial and/or temporal patterns of activation and deactivation that represent unique tastes. 
A recent EEG study indicates that chemotopy is likely captured in complex spatial patterns 
(Crouzet et al., 2015). Using multivariate pattern analysis, these authors were able to discern 
taste qualities within signals that originated from the insula. To investigate chemotopy using 
fMRI, we therefore suggest applying multivoxel pattern analyses in future studies. Such stud-
ies should create an understanding of how humans identify tastes and flavors. 

7.2.2.4 Neurobiology of interindividual differences in food perception
In our behavioral studies, we took the differences that exist in behavior between individu-
als into account. The methods we applied in our neuroimaging studies (chapters 4-6) also 
allowed for individual variation to some degree mainly by relating outcomes to behavior-
al variations. We used covariates such as taste and flavor liking containing individualized 
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scores, which affect the temporal domain in fMRI. However, we allowed far less interin-
dividual variability in the spatial domain. This was implicitly based on the assumption that 
participants use the same strategy and therefore the same brain areas in stimulus evaluation, 
and that these brain areas are characterized by similar functional characteristics across indi-
viduals. For example, in chapter 5, we investigated which areas dissociate likers and dislikers 
of grapefruit juice on a group level. However, we did not allow the possibility that grapefruit 
juice liking might be associated with certain brain areas for a certain participant while it is 
associated with different brain areas for another participant. These differences may be pres-
ent when participants use different strategies in their evaluation of the stimulus, if they have 
stronger positive or negative associations, or when their neuronal processing takes place in 
the opposite hemisphere, which is not uncommon, particularly in left-handed individuals.

In a study that was performed in parallel to the study in chapter 4, we specifically in-
vestigated differences in taste perception between young and older individuals (Hoogeveen 
et al., 2015). One of the major findings in this study was that older individuals allocate their 
attention differently when perceiving tastes indicating that changes in stimulus evaluation 
indeed occur between individuals. Therefore, we suggest allowing more flexibility in the 
spatial domain in future neuroimaging analyses. This will provide insight in interindividual 
differences in brain areas associated with cognitive components of gustatory stimulus pro-
cessing (e.g. liking processing). Furthermore, it allows for more precise (individualized) pre-
dictions for choice behavior. Recently, promising complex methodological advancements 
have been made in this area among others by Haxby et al., (2011). These authors work in 
the field of visual perception and introduced a method that first analyzes how stimuli are 
spatially processed in the brain of each participant. By using complex mathematical trans-
formations, participant-data could be aligned to a common group-space, which can be used 
for subsequent group analyses. Such a method elegantly addresses the differences between 
individuals and may prove to be very useful in future studies investigating the neurobiology 
of food perception.

7.2.3 Future perspectives iii: integration across research fields
Research is often conducted within a single research field. However, the work presented 
throughout this thesis has been conducted in a multidisciplinary setting combining the ex-
pertise of researchers who mainly work in the fields of psychology, neuroimaging, and sen-
sory, consumer and food science. Although communication between these different fields 
may sometimes be difficult, for example due to differences in terminology, we experienced 
that taking part in such an interdisciplinary team enabled us to substantially contribute new 
methodology and/or insights to their respective fields. For example, our multidisciplinary 
collaboration allowed sharing methodological expertise. This allowed our group to indicate 
the relation between evoked emotions and choice behavior (chapter 3), which provided new 
insights and principles to build new research on (see e.g. Gutjar et al., 2015). Furthermore, 
expertise from researchers in the field of sensory, consumer and food science allowed a very 
elegant experimental setup to investigate the neurobiology of interindividual differences in 
flavor liking (chapter 4). 
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To find an optimal solution to answer scientific or methodological questions, we advise 
researchers to also look for answers beyond their own research field and look for similar 
problems in different research areas. In the work presented in chapter 3, for example, we 
found that methodology stemming from the field of economics was very suitable to predict 
consumer choices based on evoked emotion measurements. Furthermore, as the neuroimag-
ing field investigating taste and flavor is relatively small, we have looked closely to methodol-
ogy applied in different neuroimaging fields to answer our scientific questions in the studies 
presented in chapters 4-6. These examples show that methods that have been successfully 
used in other research fields may prove to be valuable in the current field. One such other 
research field that might provide valuable information is the recently emerged field of Neu-
romarketing (Ariely and Berns, 2010). Neuromarketing was set up by marketeers in response 
to the irrationality of consumer behavior, which causes a discrepancy between articulated 
intentions or preferences and actual behavior (Ariely and Berns, 2010; Ariely, 2009). There-
fore, marketeers have started using neuroimaging techniques to investigate information that 
is “hidden” in the brain of a consumer. Although this approach might lead to skepticism 
concerning the ethics of using neuroimaging resources to “read the mind of the consumer”, 
the field of Neuromarketing is rapidly advancing. Interestingly, the findings described in 
chapters 5 and 6 also relate to main outcomes in the field of Neuromarketing: so far, the 
key brain regions correlating with choice behavior are the vmPFC and nucleus accumbens 
(Ariely and Berns, 2010). Thus scientific insights that have been provided by marketeers in 
the Neuromarketing field can provide a guide to brain areas of interest in liking and choice 
behavior and how to analyze the data. 

7.3 ConCLusion

Food liking is widely used as a determinant for food choice. However, the majority of new 
food products fail when they enter the market. One important reason may be that individuals 
differ widely in what foods they like and do not like. These interindividual differences have 
often been inadequately addressed in behavioral studies. Furthermore, it remained unclear 
how interindividual differences are represented in the brain. In this thesis we have intro-
duced new techniques aimed to better understand the behavioral and neurobiological pat-
terns underlying short- and long-term liking for tastes and flavors. While our results clearly 
show that liking behavior indeed varies widely between individuals, this variation could be 
captured into typical patterns that allow a more accurate description of consumers’ liking 
for specific foods. 

Our neurobiological work showed that multiple taste characteristics, including liking, 
are processed in the insula. Interestingly, the left and right insula appear to be specialized 
towards processing different taste characteristics. Moreover, we found that a broader ventral 
emotion network is associated with flavor liking. As this network is involved in determin-
ing the emotional significance of perceived external stimuli and the production of affective 
states, it seems that flavor liking is strongly related to emotional associations. Strikingly, one 
of the areas in this emotion network is the ventral prefrontal cortex. We showed that this area 
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is involved in dissociating likers and dislikers of a specific flavor stimulus.
Taken together, the work presented in this thesis provides new insights in the patterns 

underlying taste and flavor liking both behaviorally and neurobiologically. To determine ulti-
mate food choice, however, expressed liking alone seems to be inadequate. In concordance 
with the neuronal emotion network associated with flavor liking, we showed that addition 
of emotion measurement techniques improves food choice prediction performance. To fur-
ther improve food choice prediction, new techniques should be developed that measure 
situational, personal and implicit emotional characteristics more efficiently. Furthermore, in 
future neurobiological research on food perception the focus should shift from basic tastes 
to more ecologically valid flavors as flavors better represent the food stimuli that consumers 
encounter in daily life. 



501355-L-sub01-bw-Dalenberg501355-L-sub01-bw-Dalenberg501355-L-sub01-bw-Dalenberg501355-L-sub01-bw-Dalenberg
A


