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Chapter 1

How would you know how much you like something without knowing how 
strong it is? After all, if a taste was too strong, you wouldn’t like it, whereas if 
it were too weak it would be impossible to assess its pleasantness. It is usu-
ally assumed that the pleasantness of a taste stimulus can only be assessed 
after intensity processing or even after awareness of taste intensity and quality. 
This idea is formulated explicitly in several serial/hierarchical models of taste 
processing (Cardello, 1996; Drewnowski, 1997; Scott & Plata-Salaman, 1999; 
Smith & Vogt, 1997), and may be implicit in lots of other studies.

The proposed dependency of pleasantness on intensity is also expressed in 
different ways in the following statements: 1) hierarchical coding at the neuro-
physiological level; 2) subjective intensity is established before pleasantness; 
3) awareness of subjective intensity information is neccesary to make a pleas-
antness judgment; 4) subjective intensity influencing pleasantness; and 5) 
pleasantness not influencing subjective intensity.

The gustatory neuroaxis

In humans the taste signal travels from the taste receptor via the three 
cranial nerves VII, IX and X to the nucleus tractus solitarius (NTS), the first 
gustatory relay station in the brain (fig 1). From the NTS there is a projection 
to the gustatory nucleus of thalamus (parvocellular division of ventroposterior 
medial nucleus -VPMpc). Ipsilateral projections terminate in the anterior insula 
and frontal operculum (AI/FO). This region is interpreted as the primary gusta-
tory area. Projections from this area to the secondary taste areas (orbitofrontal 
cortex) and the amygdala and hypothalamus have also been consistently re-
ported. 

In rodents an additional gustatory pathway has been found: the ventral af-
fective pathway, that branches off at the parabrachial nucleus (PBN) of the 
pons; a relay station that has consistently been reported in rodents between 
the NST and VPMpc. From there the ventral pathway projects to the hypothala-
mus, the amygdala, and the bed nucleus of the stria terminalis. The “affective” 
character of this pathway has long been suspected (Pfaffmann, Norgren, & 
Grill, 1977) and has recently been confirmed (Hajnal & Norgren, 2005). A find-
ing supporting the functionality of the affective taste pathway is that lesions of 
the gustatory thalamus in rats fails to affect dopamine release during sucrose 
licking, whereas similar damage in the PBN reduces dopamine release (Hajnal 
& Norgren, 2005).  

An affective pathway in humans

A similar ventral pathway in primates is a controversial issue, but its exis-
tence cannot be excluded. Evidence of NTS projections via the parabrachial 
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nucleus of the pons directly to the insula, the amygdala, the hypothalamus, and 
the lateral prefrontal cortex in the human brain has been found using a calcito-
nin gene-related peptide immunoreactive (CGRP) tracing (Saper, 2002). These 
authors suggest that interspecies anatomical variability of the parabrachial nu-
cleus has led to difficulties in establishing homologies in this area with regular 
immunohistochemistry. Using CGRP as a marker proved powerful in tracing the 
gustatory pathways in the rat brain, and was according to De Lacalle and Saper 
able to demonstrate that the ventral pathway is likely to have been conserved 
in the human brain (de Lacalle & Saper, 2000). 

Several studies could not find projections from the NTS to the PBN (Beck-
stead, Morse, & Norgren, 1980; Norgren, 1984). Although gustatory distur-
bances have been found following lesions of the pons, it is thought that these 
gustatory changes are caused by disruption of ascending fibers, as opposed 
to cell body damage (which would imply a pontine taste relay). A recent fMRI 
study shows that there is activation in NTS following whole mouth stimulation 
with sucrose, but no pontine activation was reported at the same statistical 
thresholds (Topolovec, Gati, Menon, Shoemaker, & Cechetto, 2004). There was 
an indication of activation in the PBN at less stringent levels. Also, if the au-
thors would have used a tasteless stimulus instead of a water stimulus (which 
is just as effective in eliciting regional blood flow changes as a sucrose solution 
(Frey & Petrides, 1999)) as the control condition, pontine activity may have 
been stronger. In other modalities subcortical routes have been associated with 
highly salient, usually negatively valenced stimuli primarily (Adolphs, 2002; 
Compton, 2003). It may be that PBN blood flow changes would have been 
observed if an aversive tastant had been used. Small et al. (2003) contrasted 
blood-flow changes to unpleasant and pleasant taste stimuli and found pontine 
activation in response to intensity independent of pleasantness. This confirms a 
role for the pons in human taste coding, yet does not confirm an early affective 
pathway (see fig 1). 

When reacting to a taste stimulus, three types of information are processed: 
intensity, quality, and hedonic value (Smith & Vogt, 1997), these information 
types are coded somewhere in the gustatory neuroaxis.

Neural correlates of intensity coding

The behavioral taste detection threshold may be defined as the amount of 
stimulus concentration needed to distinguish a taste stimulus from a water con-
trol that does not contain a taste substance. In humans, behavioral detection 
thresholds have been found to be elevated after lesions in the AI/FO area and 
the amygdala (Small, Jones-Gotman, Zatorre, Petrides, & Evans, 1997). 

Both in the peripheral axons ascending to the brain and in almost all cen-
tral gustatory regions firing rates increase with increasing stimulus concentra-
tion levels (Pritchard, Hamilton, & Norgren, 1989; Rolls, Yaxley, & Sienkiewicz, 
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1990; Scott et al., 1993; Scott, Plata-Salaman, Smith, & Giza, 1991; Scott, 
Yaxley, Sienkiewicz, & Rolls, 1986; Small et al., 2003; Zotterman, 1935). The 
intensity-response functions from cells in the AI/FO region particularly correlate 
well with psychophysical subjective intensity curves (Scott & Plata-Salaman, 
1999). Also, insular lesions alter taste intensity perception (Pritchard, Macalu-
so, & Eslinger, 1999). Thus, it is likely that suprathreshold intensity processing 
also takes place in the AI/FO region. 

Lesions in the amygdala have been shown to increase the intensity per-
ception of unpleasant bitter stimuli (Small, Zatorre, & Jones-Gotman, 2001b, 
2001c; Touzani, Taghzouti, & Velley, 1997). Neuroimaging data show that the 
cerebellum, pons, amygdala, and middle insula responded to amount of stimu-
lation independently of the hedonic value of taste (Small et al., 2003).

Quality coding

Proponents of the labeled-line theory in taste propose that quality coding 
is achieved through specialized channels, each coding information about one 
taste quality only. Others have argued for taste quality coding in patterns of ac-
tivity across neurons. Neurons that respond best to a specific taste quality have 
been found in the cranial nerves of monkeys (Hellekant, Danilova, & Ninomiya, 
1997). A broader tuning has been found the NST (Scott et al., 1986). In the 
AI/FO area a higher specificity is found again (Scott et al., 1986; Yaxley, Rolls, & 
Sienkiewicz, 1990). Quality specific networks of taste neurons have been identi-
fied within the insula (Katz, Nicolelis, & Simon, 2002). After lesions in the insula 
deficits in identifying taste qualities have been reported (Henkin, Comiter, Fe-
dio, & O’Doherty, 1977; Pritchard et al., 1999; Small, Bernasconi, Bernasconi, 
Sziklas, & Jones-Gotman, 2005; Small et al., 1997). Although there has been 
no localisation of quality-specific responses in humans from imaging studies, 
from the above it is likely that taste quality is coded in the AI/FO area. 

Neural correlates of pleasantness coding

In rodents, altered responsiveness of neurons in the cranial nerves and the 
NTS can be found after deprivation or satiety (Contreras & Frank, 1979; Giza 
& Scott, 1983; Jacobs, Mark, & Scott, 1988). Both satiety and deprivation are 
associated with a change in hedonic value of a tastant (Scott & Plata-Salaman, 
1999). In monkeys, after satiety, altered electrophysiological responses are 
seen in neurons in the OFC, hypothalamus and amygdala (Rolls, Scott, Sienkie-
wicz, & Yaxley, 1988; Rolls, Sienkiewicz, & Yaxley, 1989). In contrast, no differ-
ent activity in NST and AI/FO neurons is reported (Yaxley, Rolls, & Sienkiewicz, 
1988; Yaxley, Rolls, Sienkiewicz, & Scott, 1985).  

Neuroimaging studies in humans suggest a role for several regions in gusta-
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tory hedonics. When comparing an aversive or a pleasant taste to neutral taste, 
activity was found in the amygdala, the orbitofrontal cortex, the cingulate gyrus 
and the hippocampus (O’Doherty, Rolls, Francis, Bowtell, & McGlone, 2001; 
O’Doherty, Deichmann, Critchley, & Dolan, 2002; Small et al., 2003; Zald, Ha-
gen, & Pardo, 2002; Zald, Lee, Fluegel, & Pardo, 1998). The anterior cingulate 
cortex, anterior ventral insula, and orbitofrontal cortex have been shown to 
respond to pleasant taste stimuli independent of intensity (Small et al., 2003). 
The amygdala appear to be responsive primarily to highly intense affective 
taste stimuli (Small et al., 2001c). It is not clear why lesions in this area may 
lead to both increased intensity perception of certain taste qualities as well as 
deficits in identifying taste quality, although responsiveness of the amygdala 
may be a function of quality as well, responding only to those qualities that are 
behaviorally significant (bitter taste has been suggested to signal poison). 

Berridge (Berridge, 1996; Berridge, 2003; Robinson & Berridge, 2003) dis-
tinguishes between two mechanisms of food reward that are easily confused: 
“liking” and “wanting”. Berridge (Berridge, 1996) argues that taste-reactivity 
studies reflect taste liking, whereas studies involving satiety and deprivation 
may have to do more with taste wanting. As such, interpreting satiety and de-
privation effects as reflecting pleasantness processing may lead to overlooking 
important areas involved in hedonic processing that do not necessarily lead 
to altered behaviour such as approach and avoidance. Taste liking may be re-
garded as a purely hedonic evaluation and is mediated in benzodiazepine/GABA 
neurotransmitters systems in the nucleus accumbens, and ventral pallidal cir-
cuits. The liking neural circuits include the PBN, thalamus, nucleus accumbens 
shell, ventral pallidum, OFC, and cingulate cortex. Of this network the ventral 
pallidum appears to be the only necessary cause of taste liking. The PBN and 
nucleus accumbens are a sufficient cause, the cingulate cortex is thought to 
reflect interaction between attention and taste liking, and the other areas im-
plicated may serve to make liking available to consciousness. The dopaminergic 
nucleus accumbens and neostriatum code incentive salience, which is needed 
to make a liked stimulus a stimulus that elicits approach behaviour; that makes 
it a wanted stimulus. 

Interaction of intensity and pleasantness at the neural level

There are several sites where both intensity and pleasantness are coded 
that leave open the possibility for interaction. In rodents, this may be as soon 
as in the cranial nerves, NST, and PBN. A similar lay-out cannot be exclud-
ed in primates. Up until recently, the prevailing view (mostly supported by a 
large amount of single-cell studies in monkeys from the Edmund Rolls’ research 
group) has been that activity in the opercular cortex and the adjacent insula 
is primarily associated with quality and intensity (accordingly termed primary 
taste cortex), whereas affective tone is more strongly associated with activ-
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ity of taste-sensitive neurons in the orbitofrontal cortex and the amygdala. 
However, recently, the anterior dorsal (Zald et al., 1998) and ventral (Small 
et al., 2003) insula have been implied in hedonic-specific responses. Both the 
anterior and posterior regions of the insula are more responsive to food when 
a subject is in a hungry as opposed to a satiated state (Del Parigi et al., 2002; 
Kringelbach, O’Doherty, Rolls, & Andrews, 2003; Small, Zatorre, Dagher, Ev-
ans, & Jones-Gotman, 2001a). This region has not been implicated in satiety 
or hedonic responses in monkeys at the single-cell level (Yaxley et al., 1988). 
Since the insular region is also the primary site for intensity coding this may be 
another site for intensity and pleasantness interaction, even though functional 
proof is needed for this hypothesis. It may also be that there is a division of 
functions in this area (Scott & Plata-Salaman, 1999; Small et al., 2003), with 
different groups of neurons being selectively responsive to hedonic and inten-
sity responses. Another explanation for the apparent pleasantness/satiety re-
sponse in the insula/opercular area may be that there is still a confound in the 
study by Small et al., namely quality.

Another finding that may be in disagreement with the findings from Rolls and 
colleagues is that the amygdala respond to both intensity and hedonic informa-
tion (Giza & Scott, 1987; Small et al., 2003; Touzani et al., 1997). Small et al. 
(Small et al., 2001b, 2001c) have suggested that increased intensity ratings 
in patients with amygdala lesions may reflect a potentiation of aversive value. 
Also, implications for a complex interaction between these two aspects could 
be reflected in the functioning of the amygdala (Giza & Scott, 1987; Touzani 
et al., 1997). Winston et al. reported that the amygdala display intensity and 
pleasantness interaction in olfactory processing, responsive only to variations in 
intensity and pleasant or unpleasant stimuli, but not to intense neutral stimuli 
(Winston, Gottfried, Kilner, & Dolan, 2005), thus the amygdala would serve to 
establish the saliency of a taste stimulus (Small et al., 2003). 

Conclusion

From the cited studies it becomes clear that there is serial processing of sub-
jective intensity and pleasantness in taste. The relationship is not necessarily 
exclusively hierarchical, since there are indications of parallel processing. As 
argued above, an additional affective pathway with early pleasantness coding 
in primates cannot yet be excluded. More studies looking at taste reactivity in 
monkeys as opposed to intake measures are needed to resolve this issue. Also 
neuroimaging of brainstem responses in humans to varying taste pleasantness 
may help. Even so, there may be multiple sites of interaction between pleasant-
ness and intensity information in the brain. 
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Seriality in taste 

It is usually assumed that the relationship between intensity and hedonic 
processing is serial, perceptual (intensity) processing preceding hedonic pro-
cessing (Cardello, 1996; Drewnowski, 1997; Scott & Plata-Salaman, 1999; 
Smith & Vogt, 1997).

As was argued in the paragraph on the gustatory neuroaxis, it seems that 
intensity coding takes place in areas earlier in the processing stream than the 
areas where pleasantness coding is achieved. A particularly elegant demonstra-
tion of this with fMRI was given by Small et al. (2003), who showed that some 
of the first areas involved in central taste processing (cerebellum, pons, amyg-
dala and middle insula) responded to amount of stimulation and were insensi-
tive to the hedonic value of taste. In contrast, the anterior cingulate cortex, 
anterior ventral insula, and orbitofrontal cortex responded to pleasant taste 
stimuli independently of intensity (Small et al., 2003). This finding supports 
the hierarchical view where intensity is elaborated into hedonic aspects of a 
taste (Anderson & Sobel, 2003). Katz et al. (Katz et al., 2002), although stating 
that gustatory processing is distributed, which implies parallel processing and 
therefore possible temporal overlap between sensory and  hedonic processing, 
nevertheless came to the conclusion on the basis of dynamic single-neuron 
recordings that palatability is a late epoch occurring not earlier than at about 
1300 msec after stimulus onset.  In their model, taste intensity may be estab-
lished much earlier, from about 200 to 1200 msec. Gustatory evoked-potential 
studies indicate that the latencies of gustatory P1, N1, and P2 may be as short 
as 127, 263, and 432 msec, reflecting respectively activation of the primary 
gustatory cortex between 100-200 msec and the secondary gustatory cortex 
between 200-500 msec after stimulus presentation (Mizoguchi, Kobayakawa, 
Saito, & Ogawa, 2002).

In rodent and primate research different hypotheses about when and where 
in the taste processing pathway hedonic information is coded exist. In rodents, 
pleasantness coding may take place very early, perhaps even as fast as inten-
sity coding. In contrast, in humans pleasantness coding is thought to be coded 
much later than intensity information. This may be due to a different structural 
and functional organization of the taste system, but these differences may also 
arise from methodological differences. Humans are usually asked to give a 
pleasantness rating on a visual line scale, which requires at least awareness of 
the pleasantness and some higher-level cognitive processing to translate this 
into a rating. From rodents behavioral responses that do not necessarily require 
higher level processing and/or awareness are required, such as intake and/or 
gustofacial responses to taste. The gustofacial reflex in anencephalic neonates 
indicates that in humans at least the more primitive hedonic reactions of ap-
proach and avoidance are coded subcortically (Steiner, 1973). If more sensitive 
and advanced methods for measuring hedonic reactions, in particular tech-
niques that do not require awareness of the taste pleasantness, are developed, 
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early pleasantness coding may also be found in humans.   
It may also be argued that early pleasantness coding in humans is unlikely 

given the high flexibility in liking displayed by humans. Early pleasantness cod-
ing is characterized by rather inflexible responses of approach to certain stimuli 
and avoidance of certain other stimuli. Humans on the other hand are able to 
learn to like food stimuli that are probably initially experienced as extremely 
unpleasant such as coffee or Brussels sprouts. 

Intensity as a necessary condition for pleasantness in taste

The dependency of pleasantness on intensity seems to mean that the forma-
tion of a conscious intensity representation is a necessary condition for pleasant-
ness to be established, a view which is expressed in several models (Cardello, 
1996; Drewnowski, 1997; Smith & Vogt, 1997)). Contrary to such assump-
tions, there are examples indicating that hedonic processing does not require 
awareness under all circumstances or requires only limited awareness. For ex-
ample newborns of different primate species show positive hedonic reactions to 
sucrose taste and negative hedonic responses to quinine taste (Steiner, Glaser, 
Hawilo, & Berridge, 2001). It is not known whether these hedonic responses are 
displayed independently of intensity differences, although it seems unlikely that 
there is a conscious intensity percept preceding the hedonic response. This is 
confirmed by the observation that anencephalic neonates (Steiner, 1973) (that 
posses no cortex, just a brainstem) show differential basic gustofacial reac-
tions to sucrose and quinine stimuli, and thus are argued to have a brainstem 
“hedonic monitor”. These may be demonstrations that allow the possibility of a 
hedonic reaction to a stimulus without being aware of its intensity properties. 

Pleasantness perception

The pleasantness dimenion

The pleasantness of a taste stimulus refers to the quality of being perceived 
as pleasing. The stimulus is valenced positively or negatively. Ensuing motiva-
tional behaviour such as approach or avoidance is sometimes viewed as being 
part of the pleasantess of a taste. Alternatively, the pleasantness of a taste can 
be viewed as the subjective correlate of approach or avoidance behaviour. 

The behavioral expression of affect is usually bipolar; ranging from posi-
tive to negative, or from approach to avoidance, even though mixed behavior 
has been observed in for example taste reactivity patterns (Berridge & Grill, 
1983).

The underlying architecture of affective behavior and of subjective experi-
ence may not be simply bipolar. Clyde Coombs was one of the first to propose 
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two mechanisms underlying the single-peaked preference function: a utility 
function for good (concave) and one for bad (accelerating) (Coombs & Avrunin, 
1977). Cacioppo and colleagues similarly proposed two partially segregate 
systems in the brain underlying appoach-avoidance behaviour 1) a appetitive 
(positive) system; and 2) an aversive (negative) system (Cacioppo & Berntson, 
1999). Both these system range from high to low and can be expressed in a 
two-dimensional plan. They also argue that each system has its own activation 
function. The positive system has a weak positive output at zero input (positiv-
ity offset), reflected by the tendency to expect positive outcomes for example 
(Cacioppo, Gardner, & Berntson, 1999). The activation function for negativity 
has a lower offset and rises more quickly. This is referred to as the negativity 
bias (Rozin & Royzman, 2001). This arrangement leads to a three-dimensional 
model that for example allows an organism to be highly motivated to explore, 
yet maintain a high vigilance for possible danger. 

A model such as Cacioppo has proposed, implicates that affect may have its 
own intensity dimension, a view that may be supported by the observation that 
the amygdala appear to be responsive primarily to highly intense affective taste 
stimuli (Small et al., 2001c).

Influence of pleasantness perception on subjective intensity perception

There is a monotonic relationship between stimulus intensity and perceived 
intensity (Stevens, 1970); an increasing stimulus concentration leads to an in-
creasing subjective intensity perception. There are some incidental remarks in 
several papers about pleasantness influencing subjective intensity, for example: 
1) based upon the fact that that unpleasant tastes are generally judged as more 
intense than unpleasant tastes, irrespective of concentration (Pfaffman, 1980; 
Pfaffman et al., 1977), we predict that the increase in novelty and unpleas-
antness was also accompanied by the experience of greater intensity. (from: 
Small, Gregory et al. 2003); 2) These dimensions tend not to be orthogonal but 
interact so that subjects have considerable difficulty providing perceptual rat-
ings of intensity independent from affective valence (Pfaffman, 1980). (from: 
Small, Gregory et al. 2003); and 3) given that chemosensory strength or in-
tensity conceivably takes on greater importance when the stimulus is pleasant 
or unpleasant. (from: Winston, Gottfried Kilner & Dolan, 2005) . In the studies 
cited by these authors we found no remarks or evidence to justify the idea of 
pleasantness influencing intensity (Pfaffmann, 1980; Pfaffmann et al., 1977). 
In several neuroimaging studies in the chemical senses it is remarked that 
emotion is  a function of two theoretically separable concepts: pleasantness  
and intensity (Bensafi et al., 2002; Russell, 2003). We believe that in the emo-
tion literature intensity is meant to refer to the intensity of the pleasantness, 
not to intensity in the classical perceptual sense: the strength of the sensation 
correlated to stimulus intensity. Intensity of pleasantness is also often referred 
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to as arousal. Although arousal seems to be correlated to some degree to sub-
jective intensity (Bensafi et al., 2002; Winston et al., 2005a), it seems unjusti-
fied to conclude that pleasantness influences subjective intensity. 

Cacioppo’s evaluative space model (Ito, Larsen, Smith, & Cacioppo, 1998) 
describes a greater sensitivity of the brain for negative information, evidenced 
by for example a more intense emotional experience of negative stimuli than 
positive stimuli (Ito, Cacioppo & Lang). Such a negativity bias has been ob-
served in taste (Kocher & Fisher, 1969). Small et al. (Small et al., 2001b, 2001c) 
have suggested that increased intensity ratings in patients with amygdala le-
sions does not necessarily reflect an increased subjective intensity per se, but 
may be mediated by a potentiation in aversive value. As mentioned before, the 
amygdala respond to highly intense pleasant or unpleasant stimuli (Anderson 
et al., 2003; Small et al., 2003; Winston et al., 2005). Thus, the amygdala could 
be the site in the brain mediating the negativity bias. These studies show that 
there may be a functional interplay between intensity and pleasantness pro-
cessing that goes beyond intensity simply influencing pleasantness. It may be 
that the sign of pleasantness (negative vs positive) exerts some influence on 
subjective intensity, or even that pleasantness mediated through arousal influ-
ences subjective intensity, although no direct evidence for this exists in taste 
perception.

Pleasantness psychophysics

An indirect and rather complex relationship exists between the taste stimulus 
and its perceived pleasantness; hedonic responses usually vary strongly (Mos-
kowitz, Kumaraiah, Sharma, Jacobs, & Sharma, 1975). It appears that the he-
donic value, i.e. the liking of a stimulus, depends partially on stimulus intensity 
and is often described as a single-peaked function of intensity. Wilhelm Wundt 
was the first to describe this relationship, which is now generally known as the 
“Wundt-curve” (see Figure 2.) (Wundt, 1896). Single-peaked hedonic functions 
are easily understood as the expression of an optimal liking point, but may also 
exist out of two underlying functions, one of pleasantness and one of unpleas-
antness (Coombs & Avrunin, 1977). Such functions are basically “optimal-point” 
functions, of which the “not sweet enough”  to “too sweet”- continuum (Mos-
kowitz, 1971) is an example. Such a relationship has been demonstrated for 
several tastants (de Graaf, van Staveren, & Burema, 1996; Ekman & Åkesson, 
1965; Moskowitz, Kluter, Westerling, & Jacobs, 1974; Moskowitz et al., 1975).  
However, also equi-intense stimuli may vary considerably in  hedonic tone,  in-
dicating the importance of  non-intensity factors, such as stimulus quality (e.g. 
sweet, bitter). It is thought that the different qualities in taste exist to serve 
the balance in energy (sugars/sweet taste and amino acids/umami taste) and 
electrolytes (salts/salty taste), and to protect from low pH (acids/sour taste) 
and toxic substances (bitter taste). Pleasantness may be influenced by several 
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factors besides stimulus properties, i.e. mood, quality, affective conditioning, 
and exposure (Cardello, 1996). Furthermore, hedonic functions of intensity are 
different depending on cultural  learning processes (Laing et al., 1994; Prescott 
et al., 1996). 

Summarizing we may state that when disregarding the influence of non-
stimulus factors - which vary highly inter-individually - on pleasantness, it 
seems that subjective intensity in interaction with quality is a fair predictor of 
taste pleasantness.

Tools for investigating taste pleasantness

Nearly more than a century ago psychologists wondered about the relation-
ship of hedonic tone to mental elements. According to the school of structural-
ists, with famous proponents like Wundt and Titchener, hedonic tone is an attri-
bute of special affective elements. Koch formulated criteria for special affective 
elements (differentiated from sensation): 1) arousal independent of specific 
sense organs; 2) relative independence from outer stimuli; 3) dependence upon 
“total consciousness”; 4) non-arousal without cognitive concomitants; 5) usu-
ally longer latent period than cognitive contents; 5) non-persistence after ces-
sation of cognitive contents; 6) always determine occurrence of attention (i.e. 
cannot be “unnoticed”); 7) weaken under attention; 8) not objectivated but are 
experienced as states of a subject; 9) not reproducible (no affective imagery); 

FIG 2. The Wundt curve describing the basic relationship between sensory intensity and 
hedonic value (Cardello 1996)
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10) mutual exclusiveness and opposition of pleasure and displeasure; and 11) 
non-localization of pleasure and displeasure (Beebe-Center, 1932). Some of 
these criteria seem unlikely to apply to the chemical senses. For example, dif-
ferential behaviour occurs when imagining pleasant smells as opposed to un-
pleasant smells (Bensafi et al., 2003), and imagining a smell influences taste 
perception (Djordjevic, Zatorre, & Jones-Gotman, 2004). As we argued above, 
affective reactions to taste may be possible without awareness, for example in 
anencephalic neonates (Steiner, 1973). Also, we are not aware of any indica-
tions that taste pleasantness weakens under attention. One aspect that seems 
likely to hold for pleasantness in the chemical senses is “relative independence 
from outer stimuli”. The issue of whether affect is a “mental element” or a 
“special element” raises the question in what way pleasantness processing in 
taste should be investigated. Is taste pleasantness an aspect of taste that can-
not be investigated with the same methods as the “analytical” (i.e. intensity 
and quality) aspects of taste? And if taste pleasantness can be investigated in 
the same way as for example taste intensity, what will this reveal about taste 
perception?

This thesis

In this thesis we take the approach of applying several widely used psycho-
physical techniques to taste pleasantness, both in a bottom-up and top-down 
fashion.

When investigating the relationship between intensity and pleasantness with 
a bottom-up approach there are several difficulties. Observing changed pleas-
antness after an experimental manipulation is almost always accompanied by 
a changed subjective intensity. It is impossible to conclude that the change in 
the dependent variable x came about by either a change in subjective inten-
sity, a change in pleasantness, or both. It has been attempted to manipulate 
both aspects independently by experimentally dissociating these aspects. To 
achieve varying pleasantness, there are two options. Within the same stimulus, 
subjective intensity levels can be varied. Another option to achieve varying 
pleasantness via the stimulus is using tastants of different quality. In this case 
it is assumed that bitter tasting substances are usually perceived as unpleas-
ant, whereas sweet tasting substances are generally perceived as pleasant. 
Recently several taste and smell studies used different levels of pleasantness 
as an independent variable (Anderson et al., 2003; Small et al., 2003; Winston, 
Gottfried, Kilner, & Dolan, 2005; Zald et al., 1998). In those studies pleasant-
ness was varied using stimuli of different quality that are opposite in affective 
valence and matched in intensity. This provides a crude distinction between an 
unpleasant condition and a pleasant condition (and in one case a neutral condi-
tion (Winston et al., 2005)) with quality as a confounding factor. This means 
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that these results are ascribed to a manipulation of pleasantness, but are also 
always confounded with quality change.

As becomes clear from the above, achieving independent manipulation of 
intensity and hedonic aspect via the stimulus encounters several inherent dif-
ficulties. So far usually a bottom-up approach like that has been used in inves-
tigating the relationship between intensity and pleasantness in taste. 

Successful independent manipulations of both aspects have taken a differ-
ent approach. For example Sewards (2004) showed that the hedonic value of 
a taste stimulus can be altered by learning, while its sensory properties remain 
unchanged, suggesting separate neural representations (Sewards, 2004). In 
smell, it has been shown that OFC-locations for bad odours are different from 
those of nice odours. As hedonic tone may be altered by experience, this loca-
tion may also shift. This would mean that the representation of hedonic infor-
mation is not fixed (Rolls, Kringelbach, & de Araujo, 2003). 

We propose that a top-down approach in addition to bottom-up approaches 
may provide useful insights. Manipulating the pleasantness context of a stimu-
lus may be one example. Instructing subjects to attend to either the pleasant-
ness or intensity aspects of a taste stimulus may be another. 

General outline of this thesis: 

The aim of this thesis is to investigate the relationship of intensity and pleas-
antness in taste. 

In chapter 2 we take the bottom-up approach and investigate whether we 
are able to systematically vary pleasantness of iso-intense binary mixtures of 
sucrose and quinine sulphate, and thus theoretically reducing the confounding 
effect of quality.  

In the remainder of this thesis we will focus on the top-down approach to 
investigate the relationship between intensity and pleasantness in taste.

First we will compare response times of intensity and pleasantness judg-
ments in several experiments. These experiments will reveal more on the seri-
ality of the relationship between intensity and pleasantness aspects while the 
subject is aware of both aspects of taste. In chapters 3, 4, and 5 we use a gus-
tatory flow system to control the timing of the presentation of taste stimuli in 
order to investigate the timing aspects of conscious intensity and pleasantness 
judgments of orange lemonade syrups. Subjects in these experiments are in-
structed to attend to either the intensity or pleasantness of the taste. Response 
time measurements have been extensively used as a source of information 
about coding of sensory and perceptual events (Brebner & Welford, 1980). 
To our knowledge there have been no comparisons of intensity and pleasant-
ness gustatory response times in humans. In chapter 3 we investigate choice 
response times between intensity and pleasantness judgments. In chapter 4 
we compare onset, duration and time of maximum of intensity and pleasant-
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ness judgments with a time-intensity procedure. This method also allows us to 
model the temporal changes in the relationship between intensity and pleas-
antess judgements. In chapter 5 a study is described in which subjects switch 
between judging pleasantness and intensity; the speed at which this task can 
be performed is investigated. 

The second aspect we investigate is whether pleasantness can exert an in-
fluence on intensity processing. Monosodium glutamate (MSG), the well-known 
taste enhancer in many oriental foods, has two interesting characteristics. It 
enhances taste pleasantness in mixtures ànd shows synergism (overadditiv-
ity) in subjective intensity when mixed with ioniside monophosfate (IMP). We 
investigate whether this effect is mediated through a potentiation in subjective 
intensity or perceived pleasantness in chapter 6.

In chapter 7 we test whether different pleasantness primes (“good”, “bad”, 
and “neutral”) that precede a taste target are able to influence a relatively low-
level task that involves intensity perception, namely a taste detection task. 

Subjects can be asked to attend to one aspect of a taste, such as the in-
tensity or the pleasantness of a taste. This approach is used in several of the 
chapters mentioned above. Marks (2002) showed that taste detection improves 
if weak stimuli are attended, which suggests that the gustatory system not only 
permits selective attention, but is also modulated by it (Marks, 2002; Marks & 
Wheeler, 1998). It is not clear if attending to taste (performing a certain task, 
for example a taste detection task), differentially influences gustatory areas in 
the brain, as opposed to ‘passive’ tasting (without any task). In chapter 8 we 
use fMRI to investigate in which brain areas activity is modulated during selec-
tive attention to taste.



22

M.G. Veldhuizen  Subjective Intensity and Pleasantness in Taste

Chapter 1

References

Adolphs, R. (2002). Neural systems for recognizing emotion. Current Opinion in 
Neurobiology, 12(2), 169-177.

Anderson, A. K., Christoff, K., Stappen, I., Panitz, D., Ghahrmani, D. G., Glover, 
G., et al. (2003). Dissociated neural representations of intensity and va-
lence in human olfaction. Nature Neuroscience, 6(2), 196-202.

Anderson, A. K., & Sobel, N. (2003). Dissociating intensity from valence as sen-
sory inputs to emotion. Neuron, 39(4), 581-583.

Beckstead, R. M., Morse, J. R., & Norgren, R. (1980). The nucleus of the solitary 
tract in the monkey: projections to the thalamus and brain stem nuclei. 
Journal of Comparative Neurology, 190(2), 259-282.

Beebe-Center, J. G. (1932). The psychology of pleasantness and unpleasant-
ness. New York: D. van Nostrand Company, Inc.

Bensafi, M., Porter, J., Pouliot, S., Mainland, J., Johnson, B., Zelano, C., et al. 
(2003). Olfactomotor activity during imagery mimics that during percep-
tion. Nature Neuroscience, 6(11), 1142-1144.

Bensafi, M., Rouby, C., Farget, V., Bertrand, B., Vigouroux, M., & Holley, A. 
(2002). Autonomic nervous system responses to odours: the role of pleas-
antness and arousal. Chemical Senses, 27(8), 703-709.

Berridge, K. C. (1996). Food reward: brain substrates of wanting and liking. 
Neuroscience Biobehavioral Review, 20(1), 1-25.

Berridge, K. C. (2003). Pleasures of the brain. Brain and Cognition, 52(1 SU  
-), 106-128.

Berridge, K. C., & Grill, H. J. (1983). Alternating ingestive and aversive consum-
matory responses suggest a two-dimensional analysis of palatability in 
rats. Behavioral Neuroscience, 97(4), 563-573.

Brebner, J. M. T., & Welford, A. T. (1980). Introduction: An Historical Back-
ground Sketch. In A. T. Welford (Ed.), Reaction Times. London: Academic 
Press.

Cacioppo, J. T., & Berntson, G. G. (1999). The affect system: Architecture and 
operating characteristics. Current Directions in Psychological Science, 
8(5), 133-137.

Cacioppo, J. T., Gardner, W. L., & Berntson, G. G. (1999). The affect system has 
parallel and integrative processing components: Form follows function. 
Journal of Personality and Social Psychology, 76(5), 839-855.

Cardello, A. V. (1996). The role of the human senses in food acceptance. In H. 
L. Meiselman & H. J. H. Macfie (Eds.), Food choice acceptance and con-
sumption. London: Blackie academic & professional.

Compton, R. J. (2003). The interface between emotion and attention: a review 
of evidence from psychology and neuroscience. Behavioral Cognitive Neu-
roscience Reviews, 2(2), 115-129.

Contreras, R. J., & Frank, M. (1979). Sodium deprivation alters neural respons-
es to gustatory stimuli. Journal of Genetic Physiology, 73(5), 569-594.



23General Introduction

M.G. Veldhuizen  Subjective Intensity and Pleasantness in Taste

Coombs, C. H., & Avrunin, G. S. (1977). Single-peaked functions and the theory 
of preference. Psychological Review, 84, 216-230.

de Graaf, C., van Staveren, W., & Burema, J. (1996). Psychophysical and psy-
chohedonic functions of four common food flavours in elderly subjects. 
Chemical Senses, 21(3), 293-302.

de Lacalle, S., & Saper, C. B. (2000). Calcitonin gene-related peptide-like im-
munoreactivity marks putative visceral sensory pathways in human brain. 
Neuroscience, 100(1), 115-130.

Del Parigi, A., Chen, K. W., Salbe, A. D., Gautier, J. F., Ravussin, E., Reiman, E. 
M., et al. (2002). Tasting a liquid meal after a prolonged fast is associated 
with preferential activation of the left hemisphere. Neuroreport, 13(9), 
1141-1145.

Djordjevic, J., Zatorre, R. J., & Jones-Gotman, M. (2004). Effects of perceived 
and imagined odors on taste detection. Chemical Senses, 29(3), 199-
208.

Drewnowski, A. (1997). Taste preferences and food intake. Annual Review of 
Nutrition, 17(1), 237-253.

Ekman, G., & Åkesson, C. (1965). Saltness, sweetness, and preference. A study 
of quantitative relations in individual subjects. Scandinavian Journal of 
Psychology, 6(4), 241-253.

Frey, S., & Petrides, M. (1999). Re-examination of the human taste region: a 
positron emission tomography study. European Journal of Neuroscience, 
11(8), 2985-2988.

Giza, B. K., & Scott, T. R. (1983). Blood glucose selectively affects taste-evoked 
activity in rat nucleus tractus solitarius. Physiology & Behavior, 31(5), 
643-650.

Giza, B. K., & Scott, T. R. (1987). Blood glucose level affects perceived sweet-
ness intensity in rats. Physiology & Behavior, 41(5), 459-464.

Hajnal, A., & Norgren, R. (2005). Taste pathways that mediate accumbens do-
pamine release by sapid sucrose. Physiology & Behavior, 84(3), 363-369.

Hellekant, G., Danilova, V., & Ninomiya, Y. (1997). Primate sense of taste: be-
havioral and single chorda tympani and glossopharyngeal nerve fiber re-
cordings in the rhesus monkey, Macaca mulatta. Journal of Neurophysiol-
ogy, 77(2), 978-993.

Henkin, R. I., Comiter, H., Fedio, P., & O’Doherty, D. (1977). Defects in taste and 
smell recognition following temporal lobectomy. Trans Am Neurol Assoc, 
102, 146-150.

Ito, T. A., Larsen, J. T., Smith, N. K., & Cacioppo, J. T. (1998). Negative informa-
tion weighs more heavily on the brain: the negativity bias in evaluative 
categorizations. J Pers Soc Psychol, 75(4), 887-900.

Jacobs, K. M., Mark, G. P., & Scott, T. R. (1988). Taste responses in the nucleus 
tractus solitarius of sodium-deprived rats. J Physiol, 406, 393-410.

Katz, D. B., Nicolelis, M. A., & Simon, S. A. (2002). Gustatory processing is dy-
namic and distributed. Current Opinion in Neurobiology, 12(4), 448-454.



24

M.G. Veldhuizen  Subjective Intensity and Pleasantness in Taste

Chapter 1

Kocher, E. C., & Fisher, G. L. (1969). Subjective intensity and taste preference. 
Perceptual Motor Skills, 28(3), 735-740.

Kringelbach, M. L., O’Doherty, J., Rolls, E. T., & Andrews, C. (2003). Activation 
of the human orbitofrontal cortex to a liquid food stimulus is correlated 
with its subjective pleasantness. Cerebral Cortex, 13(10), 1064-1071.

Laing, D. G., Prescott, J., Bell., G. A., Gillmore, R., Allen, S., Best, D. J., et al. 
(1994). Responses of Japanese and Australians to sweetness in the con-
text of different foods. Journal of Sensory Studies, 9, 131-155.

Marks, L. E. (2002). The role of attention in chemosensation. Food Quality and 
Preference, 14, 147-155.

Marks, L. E., & Wheeler, M. E. (1998). Focused attention and the detectability 
of weak gustatory stimuli. Empirical measurement and computer simula-
tions. Annals of the New York Academy of Sciences, 855, 645-647.

Mizoguchi, C., Kobayakawa, T., Saito, S., & Ogawa, H. (2002). Gustatory Evoked 
Cortical Activity in Humans Studied by Simultaneous EEG and MEG Re-
cording. Chemical Senses, 27(7), 629-634.

Moskowitz, H. R. (1971). The sweetness and pleasantness of sugars. American 
Journal of Psychology, 84(3), 387-405.

Moskowitz, H. R., Kluter, R. A., Westerling, J., & Jacobs, H. L. (1974). Sugar 
sweetness and pleasantness: evidence for different psychological laws. 
Science, 184(136), 583-585.

Moskowitz, H. W., Kumaraiah, V., Sharma, K. N., Jacobs, H. L., & Sharma, S. 
D. (1975). Cross-cultural differences in simple taste preferences. Science, 
190(4220), 1217-1218.

Norgren, R. (1984). Central neural mechanisms of taste. In I. Darien-Smith 
(Ed.), Handbook of Physiology-The Nervous System III. Sensory Process-
es 1. (pp. 1087-1128). Washington, DC: American Physiological Society.

O’Doherty, J., Rolls, E. T., Francis, S., Bowtell, R., & McGlone, F. (2001). Rep-
resentation of pleasant and aversive taste in the human brain. Journal of 
Neurophysiology, 85(3), 1315-1321.

O’Doherty, J. P., Deichmann, R., Critchley, H. D., & Dolan, R. J. (2002). Neural 
responses during anticipation of a primary taste reward. Neuron, 33(5), 
815-826.

Pfaffmann, C. (1980). Wundt’s schema of sensory affect in the light of research 
on gustatory preferences. Psychological Research, 42(1-2), 165-174.

Pfaffmann, C., Norgren, R., & Grill, H. J. (1977). Sensory affect and motivation. 
Annals of the New York Academy of Sciences, 290, 18-34.

Prescott, J., Bell, G. A., Gillmore, R., Yoshida, M., O’Sullivan, M., Korac, S., et al. 
(1996). Cross-cultural comparisons of japanese and australian responses 
to manipulations of sweetness in foods. Food Quality and Preference, 8, 
45-55.

Pritchard, T. C., Hamilton, R. B., & Norgren, R. (1989). Neural coding of gusta-
tory information in the thalamus of Macaca mulatta. Journal of Neuro-
physiology, 61(1), 1-14.



25General Introduction

M.G. Veldhuizen  Subjective Intensity and Pleasantness in Taste

Pritchard, T. C., Macaluso, D. A., & Eslinger, P. J. (1999). Taste perception in pa-
tients with insular cortex lesions. Behavioral Neuroscience, 113(4), 663-
671.

Robinson, T. E., & Berridge, K. C. (2003). Addiction. Annual Reviews in Psychol-
ogy, 54, 25-53.

Rolls, E. T., Kringelbach, M. L., & de Araujo, I. E. (2003). Different representa-
tions of pleasant and unpleasant odours in the human brain. European 
Journal of Neuroscience, 18(3), 695-703.

Rolls, E. T., Scott, T. R., Sienkiewicz, Z. J., & Yaxley, S. (1988). The responsive-
ness of neurones in the frontal opercular gustatory cortex of the macaque 
monkey is independent of hunger. Journal of Physiology, 397, 1-12.

Rolls, E. T., Sienkiewicz, Z. J., & Yaxley, S. (1989). Hunger Modulates the Re-
sponses to Gustatory Stimuli of Single Neurons in the Caudolateral Orbito-
frontal Cortex of the Macaque Monkey. European Journal of Neuroscience, 
1(1), 53-60.

Rolls, E. T., Yaxley, S., & Sienkiewicz, Z. J. (1990). Gustatory responses of 
single neurons in the caudolateral orbitofrontal cortex of the macaque 
monkey. Journal of Neurophysiology, 64(4), 1055-1066.

Rozin, P., & Royzman, E. B. (2001). Negativity bias, negativity dominance, and 
contagion. Personality and Social Psychology Review, 5(4), 296-320.

Russell, J. A. (2003). Core affect and the psychological construction of emotion. 
Psychol Rev, 110(1), 145-172.

Saper, C. B. (2002). The central autonomic nervous system: conscious visceral 
perception and autonomic pattern generation. Annual Review in Neurosci-
ence, 25, 433-469.

Scott, T. R., Karadi, Z., Oomura, Y., Nishino, H., Plata-Salaman, C. R., Lenard, 
L., et al. (1993). Gustatory neural coding in the amygdala of the alert ma-
caque monkey. Journal of Neurophysiology, 69(6), 1810-1820.

Scott, T. R., & Plata-Salaman, C. R. (1999). Taste in the monkey cortex. Physi-
ology and Behavior, 67(4), 489-511.

Scott, T. R., Plata-Salaman, C. R., Smith, V. L., & Giza, B. K. (1991). Gustatory 
neural coding in the monkey cortex: stimulus intensity. Journal of Neuro-
physiology, 65(1), 76-86.

Scott, T. R., Yaxley, S., Sienkiewicz, Z. J., & Rolls, E. T. (1986). Gustatory re-
sponses in the frontal opercular cortex of the alert cynomolgus monkey. 
Journal of Neurophysiology, 56(3), 876-890.

Sewards, T. V. (2004). Dual separate pathways for sensory and hedonic aspects 
of taste. Brain Research Bulletin, 62(4), 271-283.

Small, D. M., Bernasconi, N., Bernasconi, A., Sziklas, V., & Jones-Gotman, M. 
(2005). Gustatory agnosia. Neurology, 64(2), 311-317.

Small, D. M., Gregory, M. D., Mak, Y. E., Gitelman, D., Mesulam, M. M., & Par-
rish, T. (2003). Dissociation of Neural Representation of Intensity and Af-
fective Valuation in Human Gustation. Neuron, 39(4), 701-711.

Small, D. M., Jones-Gotman, M., Zatorre, R. J., Petrides, M., & Evans, A. C. 



26

M.G. Veldhuizen  Subjective Intensity and Pleasantness in Taste

Chapter 1

(1997). A role for the right anterior temporal lobe in taste quality recogni-
tion. Journal of Neuroscience, 17(13), 5136-5142.

Small, D. M., Zatorre, R. J., Dagher, A., Evans, A. C., & Jones-Gotman, M. 
(2001a). Changes in brain activity related to eating chocolate - From plea-
sure to aversion. Brain, 124, 1720-1733.

Small, D. M., Zatorre, R. J., & Jones-Gotman, M. (2001b). Changes in taste 
intensity perception following anterior temporal lobe removal in humans. 
Chemical Senses, 26(4), 425-432.

Small, D. M., Zatorre, R. J., & Jones-Gotman, M. (2001c). Increased intensity 
perception of aversive taste following right anteromedial temporal lobe 
removal in humans. Brain, 124, 1566-1575.

Smith, D. V., & Vogt, M. B. (1997). The neural code  and integrative processes 
of taste. In G. K. Beauchamp & L. M. Bartoshuk (Eds.), Tasting and smell-
ing. San Diego: Academic Press.

Steiner, J. E. (1973). The gustofacial response: observation on normal and an-
encephalic newborn infants. Symp Oral Sens Percept(4), 254-278.

Steiner, J. E., Glaser, D., Hawilo, M. E., & Berridge, K. C. (2001). Compara-
tive expression of hedonic impact: affective reactions to taste by human 
infants and other primates. Neuroscience Biobehavioral Review, 25(1), 
53-74.

Stevens, S. S. (1970). Neural events and the psychophysical law. Science, 
170(962), 1043-1050.

Topolovec, J. C., Gati, J. S., Menon, R. S., Shoemaker, J. K., & Cechetto, D. F. 
(2004). Human cardiovascular and gustatory brainstem sites observed 
by functional magnetic resonance imaging. J Comp Neurol, 471(4), 446-
461.

Touzani, K., Taghzouti, K., & Velley, L. (1997). Increase of the aversive value 
of taste stimuli following ibotenic acid lesion of the central amygdaloid 
nucleus in the rat. Behavioural Brain Research, 88(2), 133-142.

Winston, J. S., Gottfried, J. A., Kilner, J. M., & Dolan, R. J. (2005a). Integrated 
neural representations of odor intensity and affective valence in human 
amygdala. Journal of Neuroscience, 25(39), 8903-8907.

Wundt, W. (1896). Grundriss der psychologie. Stuttgart: Engelmann.
Yaxley, S., Rolls, E. T., & Sienkiewicz, Z. J. (1988). The responsiveness of neu-

rons in the insular gustatory cortex of the macaque monkey is indepen-
dent of hunger. Physiology & Behavior, 42(3), 223-229.

Yaxley, S., Rolls, E. T., & Sienkiewicz, Z. J. (1990). Gustatory responses of 
single neurons in the insula of the macaque monkey. Journal of Neuro-
physiology, 63(4), 689-700.

Yaxley, S., Rolls, E. T., Sienkiewicz, Z. J., & Scott, T. R. (1985). Satiety does 
not affect gustatory activity in the nucleus of the solitary tract of the alert 
monkey. Brain Research, 347(1), 85-93.

Zald, D. H., Hagen, M. C., & Pardo, J. V. (2002). Neural correlates of tast-
ing concentrated quinine and sugar solutions. Journal of Neurophysiology, 



27General Introduction

M.G. Veldhuizen  Subjective Intensity and Pleasantness in Taste

87(2), 1068-1075.
Zald, D. H., Lee, J. T., Fluegel, K. W., & Pardo, J. V. (1998). Aversive gustatory 

stimulation activates limbic circuits in humans. Brain, 121 (Pt 6), 1143-
1154.

Zotterman, Y. (1935). Action potentials in the glossopharyngeal nerve and in 
the chorda tympani. Scand Arch Physiol, 72, 73-77.



28

M.G. Veldhuizen  Subjective Intensity and Pleasantness in Taste

Chapter 1



29Dissociation of intensity and pleasantness

M.G. Veldhuizen  Subjective Intensity and Pleasantness in Taste

Maria G. Veldhuizen1, Anthonie P. A. van Rooden1 & Jan H.A. Kroeze1,2

1Helmholtz Research Institute, Experimental Psychology, Taste- and Smell 
Laboratory, Utrecht University, Heidelberglaan 2, 3584 CS, Utrecht, The 

Netherlands
2Wageningen Taste and Smell Center, Wageningen University and Research 

Center, Wageningen, The Netherlands

In Press, Chemical Senses

Dissociating pleasantness and intensity with
quinine sulfate/sucrose mixtures in taste

Chapter 2



30

M.G. Veldhuizen  Subjective Intensity and Pleasantness in Taste

Chapter 2

Abstract

Independent experimental manipulation of subjective intensity and hedonic 
tone is required if one wants to study their separate effects on brain activity and 
behaviour. This is problematic because hedonic tone and subjective intensity 
are related, leading to a pleasantness change each time the stimulus intensity 
is altered.

In the present study a solution to this problem was explored by combining a 
pleasant taste substance (sucrose) and a bad-tasting substance (quinine sul-
fate) into a number of different iso-intense mixtures.
Here we show that subjective intensity as well as pleasantness can be accu-
rately predicted, particularly in midrange, only if one corrects for mixture sup-
pression.
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Introduction

By changing its subjective intensity, the pleasantness of a stimulus can be 
manipulated. Wundt (1896) was the first to describe this relationship as an in-
verted U–shaped function, since then known as the Wundt-curve: as subjective 
intensity increases,  pleasantness increases as well up to a certain maximum, 
after which pleasantness will decrease with increasing intensity. The Wundt-
curve has been established for many taste substances (de Graaf, van Sta-
veren, & Burema, 1996; Ekman & Åkesson, 1965; Moskowitz, 1971; Moskow-
itz, Kluter, Westerling, & Jacobs, 1974; Moskowitz, Kumaraiah, Sharma, Jacobs, 
& Sharma, 1975). 

Coombs (1977) interpreted the often asymmetrical shape of the Wundt-curve 
as evidence for two different underlying processes, a slow positive and a fast 
negative one, which combine into one single-peaked psychohedonic function. 
Cacioppo and colleagues similarly proposed two partially segregated systems 
in the brain underlying approach-avoidance behaviour; an appetitive (positive) 
system, and an aversive (negative) system (Cacioppo & Berntson, 1999). Re-
sults of an fMRI study by Rolls et al. (2003) confirmed this in the olfactory 
modality: bad- and good smelling odours indeed activated separate locations in 
the orbitofrontal cortex, suggesting their independent processing. Clearly dis-
ctinct gustofacial reactions to sucrose and quinine (Rosenstein & Oster, 1988; 
Steiner, 1973; Steiner, Glaser, Hawilo, & Berridge, 2001) also point in the direc-
tion of independent processing of pleasant and unpleasant tastes.

Pleasantness may also be manipulated by directly addressing the underly-
ing positive and negative processes. This may be accomplished by mixing two 
stimuli of opposite hedonic value in different proportions. Djordjevic, Boyle et 
al. (2004) used this approach with iso-intense odours. In the present study su-
crose and quinine sulfate were used. Rather than merely matching two or three 
different stimuli for subjective intensity and then using their different hedonic 
tones as an independent variable (Anderson et al., 2003; Small et al., 2003; 
Winston, Gottfried, Kilner, & Dolan, 2005; Zald, Lee, Fluegel, & Pardo, 1998), 
we prepared a whole series of subjectively iso-intense mixtures of different qui-
nine sulfate and sucrose intensities. This makes our approach less vulnerable to 
the confounding effect of quality seen in previous approaches where different 
hedonic value always fully coincided with different quality.

The aim of the present study is to explore the feasibility of dissociating sub-
jective intensity and hedonic value by proportionally mixing an unpleasant and 
a pleasant taste substance. By also measuring the separate subjective intensi-
ties of the unmixed components, we enable correction for mutual mixture sup-
pression (Keast & Breslin, 2003), thereby possibly improving the appropriate-
ness of the mixtures as stimuli in taste-pleasantness studies.

The present study proceeds in two steps. First, sucrose and quinine sulfate 
psychophysical functions will be established, which will then be used in the ex-
periment to compose the required binary mixtures.
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Materials and Methods

Subjects

Nineteen subjects (5 male, 14 female), ranging in age from 18-27 (mean 
21.05 years) were recruited by advertisements in university buildings. They 
were informed about the general procedure, but not the purpose of the experi-
ment. All subjects gave their written consent and all procedures adhere to the 
ethical policy of Utrecht University. Before participating, subjects filled out a 
questionnaire in order to check their general health and to avoid subjects with 
chemosensory deficits. No subjects were excluded on the basis of this screening 
procedure, although one subject dropped out due to family circumstances after 
the matching procedure (step 1).  All subjects abstained from drinking, eating 
and smoking one hour prior to testing. They received a monetary incentive for 
their participation. 

Stimuli

We used seven different concentrations of sucrose (1.63 x 10-2, 1.80 x 10-1, 
3.44 x 10-1, 5.08 x 10-1, 6.72 x 10-1, 8.36 x 10-1, 1.00 x 100 M; CSM, commer-
cial grade) and quinine sulfate (7.660 x 10-6, 1.532 x 10-5, 2.298 x 10-5, 3.064 
x 10-5, 3.830 x 10-5, 4.596 x 10-5, 5.362 x 10-5; Fluka , pharmaceutical grade) 
dissolved in demineralised water (produced by a Millipore Milli-U10 water puri-
fication system, resistivity > 10MΩ). Both sucrose solutions and quinine sulfate 
solutions started at near-detection threshold concentrations (Stahl, 1973) and 
increased up to a concentration that was rated as either pleasant (sucrose) or 
unpleasant (quinine sulfate) respectively by 95-100% of the participants in a 
study by Engel (1928). Solutions were presented in amounts of 5 ml in 25 ml 
polystyrene medicinal cups at room temperature (~22˚C). The solutions were 
prepared at least 24 hours before the experiment and were used for no longer 
than 3 days. 

The psychophysical functions for sucrose and quinine sulfate resulting from 
step 1  were used to compose the subjectively equi-intense 20/80%, 40/60%, 
50/50%, 60/40%, and 80/20% mixtures of quinine sulfate and sucrose. An-
other five binary mixtures inducing a larger intensity range were added in order 
to prevent effects of a small range of stimuli (Teghtsoonian & Teghtsoonian, 
1978). These context-mixtures consisted of the same concentrations and com-
pounds as the other binary mixtures except that we presented them in 20/20%, 
40/40%, 50/50%, 60/60%, and 80/80% combinations, thus varying in subjec-
tive intensity. 
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Procedure and design

Before the first part of the experiment, each subject was given written and 
verbal instructions and three practicing trials. The subject was seated in front 
of a computer monitor and used a mouse controlling an arrow to rate each 
stimulus on a visual-analogue line scale on the screen. The left and right end-
points of the scale were labeled with the Dutch equivalent of ‘very weak’ and 
‘very strong’ respectively. After being cued by a beep from the PC the subject 
sipped the entire content of the cup, kept it in his/her mouth for 3 seconds, 
and then spat it into a disposal container. The subject then immediately rated 
the stimulus, and rinsed his/her mouth thoroughly with demineralised water. 
After 55 seconds the next stimulus was cued. The session was divided into two 
blocks per subject, one block for the quinine sulfate solutions and the other 
for the sucrose solutions. Between blocks there was a short break. This part of 
the experiment lasted approximately 50 minutes. Blocks were counterbalanced 
over subjects and the stimuli were randomized within each block. Each of the 
seven solutions of both substances was rated three times, thus resulting in a 
total of forty two stimuli.

The second part of the experiment contained three experimental sessions. 
The first two sessions of 60-65 minutes were at approximately the same time 
on two consecutive days. During these two sessions pleasantness, intensity, 
bitterness, and sweetness of the mixtures had to be rated. Each session con-
sisted of two blocks with a short pause in between. Before a subject began each 
block of ratings, he was familiarized with the dependent variable by means of 
written instructions and three practicing trials. We counterbalanced the order 
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of the sessions, but since there were only eighteen subjects during the ex-
perimental session, counterbalancing was not perfect. Each binary mixture was 
presented three times within a block. The context-mixtures were all presented 
once. This added up to a total of 20 stimuli per block of which the order was 
randomized. For each variable we used a separate scale. The scale for intensity 
was the same as in the matching experiment. The pleasantness, sweetness, 
and bitterness scales were also visual-analogue line scales, with on the left end 
the Dutch equivalents of ‘very unpleasant’, ‘not sweet at all’, and ‘not bitter at 
all’ respectively, and on the right end the Dutch equivalents of ‘very pleasant’, 
‘very sweet’, and ‘very bitter’ respectively. 

We collected ratings to two additional dependent variables in a third session: 
the pleasantness of unmixed quinine sulfate and sucrose solutions at the same 
concentrations as those used in the binary mixtures. In this session, all five 
concentrations of both solutions were presented three times in a randomized 
order making a total of 30 trials. 
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FIG 2. Means and SEM of subjective intensity of the mixtures averaged over subjects 
and replications (closed squares) and predicted intensity from the unmixed components 
(open squares) and the predicted intensity from the unmixed components corrected for 
the amount of mixture suppression (open stars). 
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Results

Psychophysical functions

The mean intensity ratings of the seven sucrose and quinine sulfate solu-
tions, obtained in the first step of the investigation, are displayed in figure 1. 
After log-transformation the data were entered into a regression analysis. A lin-
ear regression line was fitted to each of the variables with statistical computing 
software package ‘R’ (Team, 2005) with a R2 of .97 and .99 for quinine sulfate 
and sucrose respectively. 

The entire subjective intensity range of modeled functions was used to match 
the intensity for the five binary solutions. The range was based on the log sub-
jective intensity range, the upper value being 125 for both solutions and the 
lowest value being the intercept of the modeled function. The log subjective 
intensity ratings and concentrations were then all transformed back. Combin-
ing these values in a complementary way (e.g. adding up to 100%) resulted in 
the five binary mixtures. The total predicted intensities, obtained by adding the 
subjective intensities of the individual components, in the binary mixtures were 
almost, but not perfectly constant (figure 2). 

Individual data of mixtures

We observed inverted U-shaped pleasantness functions in  16 out of 18 sub-
jects. Two subjects showed a monotonic function, suggesting a high optimal 
point. The individual subjective intensity data points showed no systematic 
increase or decrease. In binary mixture 2 we observed complete masking of 
sweetness (a rating of < 5 on a scale of 0-150) in 4 subjects, and in binary 
mixture 8 we observed complete masking of bitterness in 8 subjects.

Mixture intensity

Figure 3 shows the mean observed subjective intensity for the five binary 
mixtures. We carried out a 5 x 3 (mixture x replication) within-subjects MANO-
VA (SPSS 10.1) with subjective intensity, pleasantness, sweetness, and bit-
terness as dependent variables. Subjective intensity of the mixtures appeared 
to deviate from constancy (F(4,68) = 20,84, p = .000), as can be seen in the 
differences between predicted and observed subjective intensity functions.

It is known that individual taste qualities may be suppressed in binary mix-
tures. For quinine sulfate, bitterness suppression increases with increasing 
amounts of sucrose. For sucrose, both enhancement (in mixtures with small 
to medium amounts of quinine sulfate) and suppression (in mixtures with the 
highest quinine sulfate concentration) can be observed. The predicted subjec-
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tive intensity curve of the mixture was adjusted for this mixture suppression. 
This adjustment considerably improved the prediction of subjective intensity 
(figure 2). 

Pleasantness integration
 

Figure 3a shows psychohedonic curves of the two unmixed components qui-
nine sulfate and sucrose. This figure also shows the mean pleasantness rating 
of the mixtures averaged over subjects and replications. The observed pleas-
antness ratings varied over mixtures (F(1.93, 32.9) = 16.46, p = .000). 

Similarly as with the intensity ratings, we predicted the total pleasantness 
of the binary mixtures from the pleasantness of the unmixed components by 
arithmetically averaging these two. The resulting curve is shown in Figure 3a. 
As can be seen this gives a poor description of the observed pleasantness of the 
mixtures. Also here, adjusting predicted pleasantness for mixture suppression 
provided a much better description of the observed total pleasantness of the 
mixtures, especially in the midrange mixtures nr. 4, 5, and 6 (figure 3b) 

Discussion

The aim of the present study was to explore if subjective intensity and he-
donic value can be dissociated experimentally. As expected, we observed mix-
ture suppression. When we corrected for this mixture suppression, it resulted 
in a better prediction of subjective intensity as well as the pleasantness of the 
mixture. This means that iso-intense stimuli in mixtures cannot be achieved 
without correction for asymmetric effects of either mixture suppression or en-
hancement. In the past, such corrections have also given an increased fit to 
observed data (Frank & Archambo, 1986; Lawless, 1977; Moskowitz & Klar-
man, 1975). The benefit of correcting for mixture suppression is smallest for 
extreme mixtures. 

This may be explained by looking at the psychohedonic curves of the un-
mixed components. In both mixture nr. 2 and 8 the pleasantness of the sucrose 
component in the mixture starts to decrease, which is predicted by the inverted 
U-shaped psychohedonic function. The psychohedonic curve for unmixed su-
crose (figure 3a) confirms this. Independent positive and negative processes 
underlying the pleasantness of taste could also explain the lower than expected 
pleasantness at the extreme ends of the binary mixtures, since it has been 
claimed that negative aspects increase faster than positive aspects (Cacioppo & 
Berntson, 1999; Coombs & Avrunin, 1977; Rozin & Royzman, 2001). This also 
agrees with the observation of Lawless (1977) that unpleasant components 
contribute more than pleasant components to the overall hedonic tone of a 
taste mixture.
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Somatosensory effects due to increased viscosity with increasing sucrose 
levels may also have contributed to this asymmetric mixture suppression of 
intensity. It is often observed that increased viscosity leads to decreased sweet-
ness (Calvino, Garciamedina, Comettomuniz, & Rodriguez, 1993; Theunissen 
& Kroeze, 1995), which may explain the decrease of pleasantness observed in 
mixture nr 8, which is the mixture containing most sucrose. 

In conclusion, we varied the pleasantness of taste with binary mixtures of 
iso-intense quinine sulfate and sucrose. Even though we were able to system-
atically manipulate pleasantness in the midrange of the binary mixtures, we 
were not able to do this completely independently of intensity. It is possible to 
manipulate pleasantness and intensity systematically and independently when 
two requirements are met. First and foremost, a correction for mixture sup-
pression is needed in order to obtain subjectively iso-intense stimuli. Second, 
due to the different characteristics of the positive and negative processes un-
derlying pleasantness it is important to avoid the extreme ends of the psycho-
hedonic curve. 
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Abstract

Response times of intensity and hedonic comparisons were determined in a 
within-subjects experimental design. 48 Subjects made forced-choice paired 
comparisons of orange lemonades with various concentrations of added quinine 
sulfate. Depending on experimental condition, the subjects had to focus either 
on intensity or on pleasantness and give their responses as fast as possible. 
The data showed shorter response times for intensity comparisons than for 
pleasantness comparisons. Although taste processing may be partially serial 
and partially parallel, the larger part of the response times and the differences 
between them may be due to cognitive processing.
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Introduction

Reaction time is defined as the interval between the onset of a stimulus and 
the beginning of the response to that stimulus. Reaction time measurements 
have been extensively used as a source of information about coding of sensory 
and perceptual events (Brebner & Welford, 1980), and have been studied most 
frequently in vision and hearing. The reliability and validity of information ex-
tracted from reaction times depend on the subject’s task and the design of the 
study.  Simple reaction time is studied when subjects react with one and the 
same type of response (e.g. a button press) as soon as they notice a previously 
defined stimulus. Usually, two or a few experimental conditions are compared. 
In taste, for example, reaction times were obtained with stimuli represent-
ing the four classical modalities. It was found that gustatory reaction times 
decrease with increasing stimulus concentrations (Bonnet, Zamora, Buratti, & 
Guirao, 1999; Yamamoto & Kawamura, 1984; Yamamoto, Takabe, & Kawamu-
ra, 1981). Furthermore, simple taste reaction times were evaluated for the four 
classical taste modalities. Sweetness and saltiness were the fastest, bitterness 
the slowest, and sourness had intermediate reaction times . However, gusta-
tory reaction time does not seem to depend on taste quality alone, but also on 
other properties of the taste stimuli used. For example, taste reaction times 
increase with growing molecular weight of sodium salts. Examples of other 
experimental variables studied in taste perception are stimulus duration and 
stimulated tongue area. Brief stimulus durations (50-300 msec) are generally 
accompanied by longer reaction times (Kelling & Halpern, 1987). Also, simple 
taste reaction times decrease with increasing stimulated tongue area . 

One speaks of complex reaction time when decision and choice or cognitive 
operations like comparison or evaluation are involved. It is assumed that the 
central contribution to RT increases with increasing task complexity. This can 
be seen in results of Kelling & Halpern (Kelling & Halpern, 1988), where sub-
jects were asked to give a verbal descriptor that matched the taste stimulus. 
The time required to accomplish this task, as measured by vocal reaction time 
measurement, took at least 200 msec more than a simple vocal reaction to the 
stimulus.
The total reaction time is the sum of several processes. As much as 60 to 90% 
of the RT in taste is consumed by events in the central nervous system (Halp-
ern, 1986). With increasing task complexity this percentage increases as well. 
When reacting to a taste stimulus, three types of information are processed: 
intensity, quality, and hedonic value (Smith & Vogt, 1997). Reaction times from 
two of these, intensity and quality, have been studied previously. But it is un-
clear how fast subjects can make hedonic judgments. 

The aim of the present study is to determine reaction times of intensity and 
hedonic comparative judgements. The relative speed with which these tasks 
can be accomplished may reflect processing relationships between them. Mod-
els of taste perception may assume varying degrees of dependence between 
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intensity and hedonic processing. Some authors (Cardello, 1996), assume that 
first intensity and then hedonic processing takes place. Katz et al. (Katz, Ni-
colelis, & Simon, 2002), although stating that gustatory processing is distrib-
uted, which implies parallel processing and therefore possible temporal overlap 
between sensory and hedonic processing, nevertheless come to the conclusion 
that palatability is a late epoch occurring not earlier than at about 1300 msec 
after stimulus onset. In his model taste intensity may be established much 
earlier, from about 200 to 1200 msec. Notwithstanding the possible separa-
tion of hedonic and sensory pathways (Sewards, 2004) it has often been found 
that liking is a an inverted-U function of intensity, suggesting that sensory in-
formation is used for hedonic judgment and therefore may precede the latter. 
Furthermore, hedonic functions of intensity are different depending on cultural  
learning processes (Laing et al., 1994; Prescott et al., 1996). The present study 
contains two experiments. The first is carried out to find an appropriate stimu-
lus type, which will then be used in the second experiment to determine the 
response speeds of hedonic and intensity judgements.

Experiment 1.

The aim of this experiment was to find a taste stimulus of which the hedonic 
tone can be easily varied for experimental purposes. The first and most im-
portant requirement to be fulfilled by the stimulus is that it enables sufficient 
variation in pleasantness, beyond as well as below the neutral hedonic value. 
Furthermore, the shape of hedonic judgment as a function of stimulus intensity 
should be compatible with possible relationships between intensity and hedonic 
responses (Tuorila, 1996). An often found shape of the hedonic function is an 
inverted U, in which the optimal point corresponds to the most liked stimulus 
intensity (Coombs & Avrunin, 1977; Wundt, 1896). Still another requirement 
was small enough standard errors to enable the assessment of reliable pleas-
antness differences. An ecologically valid stimulus was chosen as the base sub-
stance: orange lemonade. Quinine sulfate was then added in different amounts 
to that base in order to obtain various pleasantness levels of the stimulus. It 
was assumed that different  levels of added quinine sulfate would produce such 
pleasantness differences.

Method

Subjects

After screening for taste deficits and ability to rank, fourteen volunteer uni-
versity students were selected to participate in the experiment, 1 male and 13 
female. Their ages ranged from 18 to 27 years (mean 21,2 years). The sub-
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jects were not informed about the specific aim of the experiment, gave their 
informed consent, and received a monetary incentive for their participation. 
Subjects were asked to abstain from eating, drinking and smoking for one hour 
prior to the experiment.

Screening

Screening for taste deficits was done by evaluating performance on a basic 
taste test. In this test we offered subjects solutions of NaCl (40 mM), sucrose 
(30 mM), citric acid (10 mM), caffeine (3.60 mM), and demineralised water 
that were labelled as salty, sweet, sour, bitter, and neutral respectively. Sub-
sequently, the four solutions with tastants were offered twice in a randomised 
order, but now unlabelled, together with two cups of demineralised water only. 
The subjects had to identify 7 of these 10 solutions correctly. Comprehension of 
ranking was tested by having subjects rank four different weights; no mistakes 
were allowed .

Stimuli

The compounds used in this experiment were orange lemonade syrup (com-
mercial grade, Spar) and quinine sulfate (pharmaceutical grade, Fluka). The 
syrup contained  a total of 64.6 % sugar, 62.7 % fruit juices from concentrated 
orange and rose hip, 4.5 % glucose syrup, 1.3% citric acid, 0.4 % aromas, 
0.06% vitamin C, and 0.01% Potassium sorbate. One part of syrup was diluted 
with seven parts of demineralised water (produced by a Millipore Milli-U10 wa-
ter purification system, resistivity > 10 MΩ·cm). To this mixture seven different 
amounts of quinine sulfate were added (2.43 x 10-6 M, 5.23 x 10-6 M, 1.13 x 10-5 
M, 2.43 x 10-5 M, 5.23 x 10-5 M, 1.13 x 10-4 M, and 2.43 x 10-4 M).  The stimu-
lus with no added quinine sulfate was presented as well. In total this provided 
8 different stimuli to be presented. The solution was presented in amounts of 
5 ml in 25 ml polystyrene medicinal cups approximately at room temperature 
(~22˚C). The solutions were prepared at least 24 hours before the experiment 
and were used for no longer than 3 days.  

Design

A within-subjects experimental design was used. Each stimulus was pre-
sented 3 times to all subjects. Thus, subjects received a total of 24 stimuli, 
which were presented in a different random order for each subject. The inde-
pendent variable in this experiment was the concentration of quinine sulfate in 
the lemonade. The dependent variable was the subject’s pleasantness rating on 



46

M.G. Veldhuizen  Subjective Intensity and Pleasantness in Taste

Chapter 3

a 9-point hedonic scale (Peryam & Girardot, 1952).

Procedure

Each subject was seated in front of a computer monitor. The program E-
prime (Schneider, Eschman, & Zuccolotto, 2001) was used for stimulus pre-
sentation and registration of responses. After receiving written instructions and 
two practising trials, a visual cue was presented to pace the tasting of the 
stimuli. The subject sipped the content of the medicinal cup, kept the solu-
tion in his/her mouth for about 2 seconds (as instructed) and then spat it in a 
waste container. Immediately thereafter she/he rated the pleasantness of the 
stimulus on the 9-point hedonic scale. Category 1 was described as the Dutch 
equivalent of ‘dislike extremely’, category 5 as ‘like nor dislike’, and category 9 
as ‘like extremely’. Subsequently, subjects rinsed their mouth thoroughly with 
demineralised water. The cue for the next stimulus appeared after 55 seconds. 
Each session lasted approximately one hour. 

Results

Figure 1 shows the mean pleasantness ratings of the lemonades and the 
corresponding standard errors. As can be seen there is an optimum of pleasant-
ness at low concentrations of added quinine sulfate. With higher concentrations 
of added quinine sulfate, a marked reduction in pleasantness occurs, followed 
by a more gradual decrease. Mean ratings varied from 1.48 to 7.40. The opti-
mal pleasantness of this stimulus was at 5.23 x 10-6 M, with a rating of 7.40. 
Standard errors of the pleasantness ratings varied from 0.109 to 0.321. As can 
be seen in Figure 1, bigger standard errors were observed where the slope is 
most steep (from 1.13 x 10-5 M to 5.23 x 10-5 M added quinine sulfate).

A curve-fitting program (SPSS 10.1, windows version) was used to fit a qua-
dratic or exponential function to the means of the hedonic judgments. In Table 
1 the regression coefficients of the curve-fitting procedure are listed. As the 
optimum of the function was located right in the beginning, the quadratic fit 
was used for further calculations. This fit, as expressed in R2, was .948. The 
predicted concentration of added quinine sulfate, corresponding to a pleasant-
ness rating of 5, being the neutral point in the function,  was 3.39 x 10-5 M.

Summarizing, it can be stated that quinine sulfate is an appropriate additive 
to vary hedonic value. Furthermore, standard errors appear small enough to 
suggest high reliability, which is also suggested by a high value of R2. The ob-
tained function has an optimum pleasantness, and  displays  a gradual decline. 
The concentration of 3.39 x 10-5 M added quinine sulfate, being the neutral 
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point of the scale, will be used as the reference stimulus in the experiment 
described next.

Experiment 2

The aim of this experiment was to determine gustatory response times for 
comparative judgements of intensity and pleasantness. The stimulus level de-
termined in the first experiment as the most appropriate reference, was used in 
this second experiment as the standard stimulus to which variable stimuli had 
to be compared.

Method

Subjects

48 paid volunteers (14 male, 34 female) ranging in age from 18-51 (mean 
22.2, median 21), served as subjects. All except one (a retail employee) were 
university students. In advance all subjects were familiarized with the experi-
mental procedures, but they were not informed about the purpose of the ex-
periment. All gave their informed consent, and received a monetary incentive 
for their participation. Before participation, subjects were screened on possible 
taste deficits by filling out a questionnaire with questions on their tasting and 
smelling abilities and their general health. Subjects were asked to abstain from 

FIG. 1. Arithmetic means of pleasantness ratings (closed circles) and the fitted qua-
dratic function (line).
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eating, drinking and smoking one hour prior to the experiment.

Stimuli

The substances used in this experiment were same as in experiment 1. For 
the reference stimulus, one part of syrup was diluted with seven parts of de-
mineralised water, and  3.39 x 10-5 M quinine sulfate was added. This is the 
stimulus rated as neutral in the first  experiment. The four comparison stimuli 
consisted of increments or decrements of all compounds (see Table 2). Thus the 
total concentration was multiplied by the factors 0.6 (stimulus 1), 0.8 (stimulus 
2), 1.2 (stimulus 3), and 1.4 (stimulus 4).

The stimuli were applied by a flow system. The flow rate of the stimuli av-
eraged over a large number of presentations was 0.99 ml/s (thereby deviat-
ing only 0.01 ml/s from the intended value of 1 ml/s) and the volume was 3 
ml. Stimuli were presented approximately at room temperature (~ 22˚C). The 
ending of the silicon tube was held manually by subjects so as to position the 
outflow point approximately 1 cm above the anterior tongue. The experimenter 
was present at all times to supervise the procedure in order to make sure that 
the point of outflow was positioned repeatedly above the same location of the 
tongue.

Equipment

The computerized system used for controlling and measuring gustatory re-
sponse times was similar to an equipment described earlier. The equipment 
consisted of: 

1. A gravitational flow system with silicon tubes (5mm inner diameter, 8mm 
outer diameter). Liquids were held in glass containers. Valves were solenoid 

b0 b1 b2 R2 y = 5

Exponential* 6.4385 -6808.1 .889 .878 n.a.***

Quadratic** 7.1804 -71110 2.0 x 10 x 108 .948 3.39 x 10 x 10-5

* Exponential(y=b0e
b1x)

** Quadratic(y = b0 + b1x + b2x
2)

*** No solution available, since for some subjects the pleasantness 
ratings stayed below 5 and so did the fitted function.

Table 1.
Regression coefficients, R2, and predicted value for the fitted functions 
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pinch valves (Sirai, normally closed, 220 V, 13 W), which exerted a pinching 
strength of 1.4 kg. These valves had the advantage of preventing contact of 
the fluids with anything but the tubes. The valves were contained in a wooden 
box of which the inside was covered with foam rubber for acoustic isolation. 
The tubes ended in glass capillaries (inner diameter 0.8 mm) that were bound 
together in a small funnel with an outflow diameter of  2.5 mm. The distance 
between the valve and the outflowpoint was ~ 90 cm. The ending of the silicon 
tube was held manually by subjects so as to position the outflow point approxi-
mately 1 cm above the anterior tongue. The experimenter was present at all 
times to supervise the procedure in order to make sure that the point of outflow 
was positioned repeatedly above the same location of the tongue.
From the start of the experiment, the tubes were filled with the fluids. As soon 
as a valve was opened, outflow at the end of the tubes started. Because the 
flow is gravitational, it may be assumed that there is a fixed but negligible de-
lay between the time of opening of the valves and the time of outflow. As the 
outflow point is ~ 1 cm above the tongue, the time between leaving the outflow 
point and arrival on the tongue is less than 0.2 msec and may be neglected.

2. The opening and closing of the valves and the registration of responses 
and response times were controlled by a computer program written in Visual 
Basic 6.0. The response time measurement started as soon as the valve was 
opened; it ended with the response of the subject.

3. A standard pc keyboard for collecting responses. Prior to the experiment 
we tested whether RT’s differed between the two keys used (g-key and h-key). 
No significant differences were found, even though there was a mean difference 
of about 50 msec.

We used 4 valves, one was coupled to demineralised water, and one to the 
reference stimulus. The other two were used for the comparison stimuli.

Solution Quinine 
sulfate in M

Factor

1 2.03 x 10x 10-5 0.6

2 2.17 x 10 x 10-5 0.8

Reference 3.39 x 10 x 10-5 1

3 4.07 x 10 x 10-5 1.2

4 4.75 x 10 x 10-5 1.4

Table 2. The concentration of quinine sulfate in the different solutions
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Design

This study also used a within-subjects experimental design. Depending on 
the experimental condition two different types of instructions were given to 
each subject: focus on the pleasantness only of the stimulus or focus on the 
intensity only of the stimulus. All stimuli were presented three times. This made 
a total of twenty-four comparisons. Each session was divided into four blocks 
of six comparisons. Within each block the focus was on one characteristic only. 
The availability of two valves for comparison stimuli meant that during one ses-
sion there had to be a pause to change bottles. Stimulus 1 and 4 were coupled 
and stimulus 2 and 3 were coupled. The order of condition and coupled bottles 
was balanced across subjects (a total of eight different orders, each presented 
to three subjects). The order of the stimuli was randomised within each block. 
A session lasted approximately one hour.

Procedure

This study used a forced-choice paired-comparison procedure. The subject 
was seated in a chair in front of a keyboard and with her/his chin above a 
container. Subjects were instructed to take a position they could maintain for 
a few minutes, since they held the outflow of the tubes above their tongue 
themselves. The fluid flowed out of the tube onto their tongue and from their 
tongue into the container. If the subject was right-handed, the right hand was 
used to give responses and the left hand to hold the tubes. If the subject was 
left-handed, this was the other way around. Depending on the condition, the 
subject was instructed to either focus on intensity or on pleasantness. Before 
the start of the first block, each subject received two practice trials. In each 
trial, subjects had to compare the second stimulus with the first stimulus, which 
was the standard. They pushed a left button when the comparison stimulus 
was either weaker or less pleasant (depending on experimental condition) than 
the standard stimulus, and a right button when the comparison stimulus was 
either stronger or more pleasant than the standard stimulus. The presentation 
of the stimulus pair was cued one second in advance by a bell-like sound of 
the computer. Twenty seconds after the first stimulus of the pair, which always 
was the standard stimulus, the comparison stimulus was presented. In order 
to not disrupt the retention of the first impression in any way, no cuing in be-
tween both members of the pair was used. Subjects were instructed to sit as 
quietly as possible during these 20 seconds. When they tasted the comparison 
stimulus, they had to push the response button of their choice as soon as pos-
sible. After the comparison stimulus, the funnel was rinsed with water. Then the 
subject was allowed to relax before the next standard stimulus was signalled 
after twenty seconds. After six comparisons, the subject was allowed to rinse 
her/his mouth with demineralised water and relax for a few minutes before the 
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next block of trials. Subjects received new instructions and then made the next 
six comparisons. Thus, except for the instruction of the task, both experimental 
conditions were the same in all respects. 

Results

Within-subjects ANOVA (SPSS 11.5) showed a significant within-subjects ef-
fect of condition (Fig. 2) (F(1,47)= 8.929, p = .004). This statistic had an ob-
served power of .833.  

In addition, the different concentrations of the stimuli had an effect on the 
complex response times. The within-subjects effect of stimulus (Fig. 3b) was 
significant (F(3,141) = 5.258, p = .002). The observed power of this statistic 
was .923. Also, a significant quadratic effect was found with post-hoc testing 
(F(1,47) = 11.775, p = .001) of the effect of stimulus. Fig. 3a shows the re-
sponse times for the four stimuli separately for the two conditions. We also test-
ed this effect separately with two additional within-subjects ANOVAs. The effect 
of stimulus on the intensity response times was significant (F(3,141) = 3.536, 
p = .016), as well as the effect on pleasantness response times (F(3,141) = 
2.946, p = .035).
  There was no significant effect of replication (F(2,94) = .179, p = .077).

Discussion

Hedonic and perceptual processing

It was found that responses in comparative judgment of two successive stim-
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Fig. 2. Mean complex response times and standard errors in msec for the two condi-
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52

M.G. Veldhuizen  Subjective Intensity and Pleasantness in Taste

Chapter 3

uli take more time when pleasantness is judged than when intensity is judged. 
This finding is in line with models of food choice that assume that perceptual 
processing precedes hedonic processing (For example, see (Cardello, 1996; 
Katz et al., 2002)). However, the results do not disprove the possibility of inde-
pendent processing of intensity and liking. The idea that subjects cannot evalu-
ate the pleasantness of the stimulus without having first assessed intensity 
is more compatible with common sense: how could you know how much you 
like something without knowing how strong it is? Contrary to such common-
sense believe, there are examples indicating that hedonic processing does not 
require awareness or only limited awareness of stimulus intensity under all 
circumstances; basic gustofacial reactions in anencephalic neonates (Steiner, 
1973) demonstrate this. In addition, the hedonic value of a taste stimulus can 
be changed by learning, while its sensory properties remain intact, suggesting 
separate neural representations (Sewards, 2004). Sewards’ model (see his fig-
ure 5 (Sewards, 2004)) leaves open the extreme possibility of two categories of 
gustatory receptors separately functioning either in the sensory or the hedonic 
taste pathway. Such complete independence would allow for the strange pos-
sibility of a hedonic reaction to a stimulus without being aware of its sensory 
properties. For now, it seems more probable that the same gustatory recep-
tors feed collaterally into the sensory and the hedonic pathways. This is more 
in line with the observation that normally, subjects are aware of perceptual as 
well as hedonic stimulus properties. However, the degree of awareness may be 
modulated by attention shifts induced by instructions to report either hedonic 
value or intensity. 

Task difficulty may also have contributed to differential lengthening of the 
response times. In the hedonic condition, the task may have been more difficult 
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than in the intensity condition, and may therefore have led to higher response 
times. This greater difficulty may be due to the less well-defined concept of 
pleasantness as compared to the concept of intensity. It could also be that the 
multi-dimensionality of the pleasantness concept (as is shown in preference 
studies), as opposed to the single dimension underlying the intensity concept, 
makes pleasantness more difficult to judge resulting in longer response times 
in the hedonic judgment condition. Second, pleasantness responses may be 
based to a larger degree on conditioning in the past than intensity responses. 
Also, additional neural processing may have contributed to longer response 
times. Since our response times (~ 4000-5000 msec) exceed the time needed 
to process the stimulus characteristics in the primary and secondary gustatory 
cortex (~ 300 msec, see length of response times mentioned below) and the 
time (less than ~ 1 s) Halpern (Halpern, 1986) reasoned it takes to process 
a taste stimulus, it is reasonable to assume that our response times reflect 
largely cognitive processing. It has been observed that the incentive value of 
taste stimuli is represented in the caudolateral orbitofrontal cortex (Rolls, 1984; 
Schultz, Tremblay, & Hollerman, 2000; Small et al., 2003; Small, Zatorre, Da-
gher, Evans, & Jones-Gotman, 2001; Thorpe, Rolls, & Maddison, 1983) and 
that this area receives projections from the gustatory cortical areas, as well as 
from visual areas, and direct taste stimulation activates neurons in this area 
at around 200-400 msec post stimulus (Rolls, Yaxley, & Sienkiewicz, 1990; 
Schultz et al., 2000; Thorpe et al., 1983). Thus, additional cognitive processing, 
such as recognition of the stimulus, referring to memory, activating associative 
characteristics, may have led to the longer processing time of the pleasantness 
response. 

Furthermore, intensity is coded by the rate of firing of neurons and by the 
number of neurons participating (Scott & Plata-Salaman, 1999). Pleasantness 
is coded by two different types of neurons. Some show excitatory responses to 
pleasant stimuli and decreased responses to unpleasant stimuli, others show 
the exact opposite: increased firing rates to unpleasant and inhibitory respons-
es to pleasant stimuli (Yamamoto, Matsuo, Kiyomitsu, & Kitamura, 1989). It 
may be that in the latter case integration of several processes into one hedonic 
response takes more time than intensity processing. Finally, distractions also 
increase response times (Broadbent, 1971; Welford, 1980). In our study, in 
the pleasantness condition, intensity is the distractor, whereas in the intensity 
condition, pleasantness is the distractor. Although there is no direct evidence in 
the literature, intensity may be a greater distractor than pleasantness, meaning 
that it is easier to judge intensity independently from pleasantness than vice 
versa. This may have led to longer response times in the pleasantness condition 
than in the intensity condition.
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Length of  response times

The observed response times in both conditions are quite long. Because our 
gravitational flow system rules out long delays in stimulus delivery, we think 
these long response times are due to the complexity of the task and are mainly 
cognitive. Subjects had to taste two stimuli in succession of which the impres-
sion of the first had to be kept in working memory. After that the sensation 
of the second stimulus has to be matched to an internal sensory or hedonic 
continuum based on the first stimulus. Hereafter the subject has to the decide 
whether the second stimulus was more/less intense or the more/less pleasant. 
Finally, the decision had to be matched to one of two response keys. This is a 
complex reaction time task. Simple taste reaction times normally range from 
400 to 800 msec (Halpern, 1986). Gustatory evoked-potential studies indicate 
that the latencies of gustatory P1 en P2 may be as short as 126 and 262 msec, 
reflecting respectively activation of the primary gustatory cortex between 100 
-200 msec and the secondary gustatory cortex between 200-300 msec. (Mizo-
guchi, Kobayakawa, Saito, & Ogawa, 2002). However, there are also studies 
that report longer response times, for example in a study where subjects had 
to make intensity judgements. Reaction times of 1500–2000 msec were found 
(Kelling & Halpern, 1988). Another instance of long reaction times (varying 
from approximately 900-1250 msec) can be seen in a study (Yamamoto & 
Kawamura, 1981), where reaction times were measured in an identification 
task, in which memory was involved. Lengthening of response times with in-
creasing task complexity is not restricted to taste, but occurs in all perceptual 
modalities. The fact that in taste (and also in olfaction) reaction times are gen-
erally longer than in vision or hearing may be due  to small working-memory 
capacity for chemical stimuli (Laing & Francis, 1989) resulting in a low informa-
tion transmission capacity (Miller, 1956). Also the type of taste stimulus may 
have contributed to response time. This is clear from work (Bonnet et al., 1999) 
which showed that response times to quinine are among the longest as com-
pared to other substances. 

Stimulus Intensity

The significant effect of stimulus intensity shown in figure 3  is in agreement 
with past results that have confirmed that higher concentrations lead to shorter 
reaction times (Yamamoto et al., 1982; Yamamoto & Kawamura, 1981, 1984). 
These past findings predict that subjects should be able to make faster decisions 
about stimuli that differ more (e.g. stimulus 1 and 4) from the standard stimulus 
than about less different stimuli (e.g. stimulus 2 and 3). This is indeed what 
we have found. The contribution of intensity differences is about equal in both  
conditions (Fig. 3b). Thus, even when intensity is not the target dimension for 
responding, it contributes in the same degree to response time, which is more 
compatible with dependence than with independence of hedonic and sensory 
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processes. 
The subjects were instructed to react as soon as they could. One may as-

sume that the decision to react is taken only after sufficient information has 
been accumulated to respond. For example, because taste varies in time, sub-
jects may make their decision before, after or at the maximum perceived inten-
sity of the second stimulus. Intensity judgments may be based on less stimulus 
information, and thus may be taken earlier, than hedonic judgements. If the 
information needed for intensity judgements is available at an earlier stage or 
is integrated more quickly in time, this leads to faster overall decision times. It 
was found that flow durations of 200, 400 and 3000 msec all led to the same 
simple reaction time of about 400 msec (Lester & Halpern, 1979). Under the 
conditions of their experiment 200 msec was sufficient input time. So, intensity 
information may be available much earlier than hedonic information. The use 
of time-intensity judgements for the assessment of hedonic value in future 
research may disclose more about the relative time courses of intensity and 
liking.

The main result of the present investigation, faster response times for in-
tensity comparisons than for pleasantness comparisons, does not rule out the 
possibility  that, at least, parts of cognitive taste processing are serial. However, 
for the moment, the most parsimonious explanation may be that cognitive pro-
cessing of the intensity aspect may require less time than similar processing of 
the pleasantness aspect.
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Abstract

The present study investigated temporal aspects of hedonic responses. The 
focus was on the hedonic response in itself and on the time-course of the he-
donic response as compared to the intensity response. Analogously to time-
intensity (TI) scaling, we used temporal scaling for intensity and pleasantness 
aspects of taste. 24 Subjects were instructed to focus on and continually rate 
either the intensity or the pleasantness of three different concentrations of an 
orange lemonade stimulus in a within-participants design. As was expected, 
the latency and the time to maximum of the intensity response were shorter 
than the latency and time to maximum of the hedonic response. Unforeseen, 
the intensity response lasted longer than the pleasantness response. These 
results suggest that initially the processing of the intensity and pleasantness 
aspects is in serial and later on may be in parallel. Our study confirms that, as 
was suggested by Taylor and Pangborn (1990), time-hedonic scaling can be 
performed.
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Introduction

The sensory impression of a taste stimulus changes over time. After deliver-
ing a discrete taste stimulus to the tongue, there is first a latency period and 
then the strength of the sensation increases to a maximum, after which it de-
creases gradually to a level where the subject cannot distinguish it any longer 
from the background noise. Temporal changes in taste and smell also depend 
on the release of tastant and odorous substances in the mouth during eating 
(Fischer, Boulton, & Noble, 1994; Taylor, 2002). Even variations in attention 
and mood may influence the temporal properties of taste experience (Bellisle 
et al., 1998). 

Use of single-point measurement, in which a single rating in each trial is 
asked from a subject, may miss important information. A more revealing meth-
od, which has been used to scale temporal changes in sensation and perception 
within a single trial, is time-intensity (TI) measurement (Lawless & Heymann, 
1999; Overbosch & De Jong, 1989; Overbosch, de Wijk, de Jonge, & Koster, 
1989; Piggott & Schaschke, 2001). This method provides information on the 
latency of the response, the duration, the time to maximum intensity, the rate 
of increase of intensity to the maximum point of intensity, and the rate of de-
crease after the maximum (for an example, see: Lawless and Heymann, 1999). 
The information from TI measurements has been widely used for the study 
of food products. Using TI scaling to analyse temporal aspects of responses 
may also provide information about the mechanisms of taste perception. For 
example, it has been shown that single-point measurements correlate with 
the maximum intensity in TI (Lundahl, 1992), indicating that taste intensity 
judgement depends strongly on peak intensity, and to a lesser degree on other 
TI-parameters.

Besides intensity, also hedonic tone of the stimulus may show temporal 
change, and such variation in the hedonic value may be tracked in time in a 
similar way as intensity.

It had been shown in single-point measurements, that hedonic tone is a 
single-peaked function of perceived intensity (Coombs & Avrunin, 1977; de 
Graaf, van Staveren, & Burema, 1996; Moskowitz, 1971; Wundt, 1896). How-
ever, intensity may not be the only dimension displaying temporal changes. So, 
estimation of hedonic variations of a stimulus solely on the basis of changing 
subjective intensity levels known from TI-records is indirect. Since it provides 
direct information, the measurement of the hedonic value of taste stimuli as 
a function of time may be worthwhile. An early attempt to explore whether 
hedonic taste responses display temporal changes was made by Taylor and 
Pangborn (1990). In their study, subjects had to continually rate the degree 
of liking of samples of chocolate milk containing different amounts of fat. The 
authors found changes in degree of liking over time; all samples containing fat 
were rated as neutral in the beginning, rose to a maximum or minimum after 
about 20 s and after that returned to approximately neutral (Taylor & Pangborn, 
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1990). Their study demonstrates clearly that taste liking is subject to temporal 
changes as well. In the Taylor et al. study, the focus was primarily on the prod-
uct, rather than on the hedonic response itself.

In the present study we will use temporal scaling to investigate the relation-
ship between hedonics and intensity. Thus, rather than on the product, the 
focus is on cognitive processing of hedonic and intensity responses, and more 
specifically, on timing.

It is usually assumed that the relationship between intensity and hedonic 
processing is serial, perceptual (intensity) processing preceding hedonic pro-
cessing (e.g. Cardello 1996, Drenowski 1997). In a previous study, we found 
shorter complex response times to intensity judgements than to pleasantness 
judgements (Veldhuizen, Vessaz, & Kroeze, 2005), a result that agrees well 
with a serial processing viewpoint. According to this viewpoint we expect to find 
that the intensity response will be ahead of the pleasantness response. So it is 
predicted on the basis of this sequential hypothesis that time to onset and time 
to maximum response will be shorter for the intensity response. The latency of 
a response and its duration are not necessarily related. So there is no reason 
to assume that the duration of the pleasantness and intensity response will be 
different.
Besides hypotheses concerning the temporal aspects of the hedonic and inten-
sity response, we also have some expectations concerning the function as a 
whole. If we combine the shape of the TI-function (Lawless & Heymann, 1999) 
with the known shape of the single-point hedonic function or Wundt-curve 
(Wundt, 1896) we are able to predict a family of curves. Suppose a subjects’ 
optimal hedonic intensity is at an intensity lower than peak intensity, then this 
optimal hedonic intensity is reached twice during the temporal response, one 
at each side of the maximum intensity (curve A in figure 1). Imagine another 
subject whose optimal hedonic intensity is at maximum intensity. This sub-
jects’ time-hedonic curve will show a single-optimum hedonic curve (curve B 
in figure 1).  So, we predict double-optimum hedonic time curves for subjects 
with an optimal hedonic level below peak intensity and single-optimum hedonic 
time curves for subjects with an optimal hedonic level either at or above peak 
intensity.

Methods

Subjects

24 non-smoking paid volunteers, mostly students of Utrecht University, 12 
male, 12 female served as subjects. Their ages ranged from 21 to 58 years 
(median: 23, mean: 24.75 (± 7.29) years).  The subjects were not informed 
about the purpose of the experiment, gave their informed consent, and re-
ceived a monetary incentive for their participation. Subjects were screened for 
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Fig 1. The TI-function (solid line), the double-optimum time-hedonic curve (dashed line 
A), and the single-optimum time-hedonic curve (dashed line B).

taste deficits and ranking abilities. They were asked to abstain from eating and 
drinking one hour prior to the experiment. The investigation was carried out in 
accordance with the ethical policy of Utrecht University.

Screening

The subjects were screened for taste deficits on the basis of a simple taste 
test. In this test subjects were offered solutions of NaCl (40 mM), sucrose (30 
mM), citric acid (10 mM), caffeine (3.60 mM), and demineralized water; the 
stimuli were labelled (visible to the subjects) as salty, sweet, sour, bitter, and 
neutral respectively. Subsequently, the four solutions with tastants were of-
fered twice in a randomised order, but now unlabelled, together with two cups 
of demineralized water only. The subjects had to identify 7 out of 10 solutions 
correctly. Comprehension of ranking was tested by having subjects rank four 
different weights; no mistakes were allowed. Subjects also filled out a ques-
tionnaire with questions on their tasting and smelling abilities and their general 
health.

Stimuli

The compounds used in this experiment were orange lemonade syrup (com-
mercial grade, Spar) and quinine sulfate (pharmaceutical grade, Fluka). The 
syrup consisted of 64.6% sugar, 62.7% fruit juices from concentrated orange 
and rose hip, 4.5% glucose syrup, 1.3% citric acid, 0.4% added aromas, 0.06% 
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vitamin C, and 0.01% Potassium sorbate. One part of syrup was diluted with 
seven parts demineralized water (produced by a Millipore Milli-U10 water purifi-
cation system, resistivity > 10 MΩ·cm). 2.034 x 10-5 M, 3.39 x 10-5 M, and 4.746 
x 10-5 M quinine sulfate was added. In a previous study we had subjects rate 
the pleasantness of different amounts of quinine sulfate added to a constant 
orange lemonade base (Veldhuizen et al., 2005). The lemonades containing to 
the amount of quinine sulfate used in the present study, received pleasantness 
ratings of 7.0 (± 1.4) and 3.2 (± 1.7) for stimulus 1 and 3 respectively on the 
widely used nine-point hedonic scale of Peryam et al. (1952) and discussed in 
Lawless and Heymann (Lawless & Heymann, 1999). The concentration of 3.39 x 
10-5 M was found by fitting a quadratic function on the mean hedonic judgments 
in this same study and computing the concentration of added quinine sulfate 
corresponding to a pleasantness rating of 5. Thus, we added three different 
quinine sulfate concentrations, one leading to a stimulus that most subjects find 
pleasant, a second that is judged as hedonically neutral, and a third concentra-
tion that made the stimulus unpleasant for most subjects. 

Stimuli were presented by a gravitational flow system. The flow rate of the 
stimuli was 0.99 ml/s (thereby deviating only 0.01 ml/s from the intended 
value of 1 ml/s) and the volume was 5 ml. Stimuli were presented at room 
temperature (~ 20 - 25˚C). During stimulus presentation the outflow point at 
the end of the silicone tubes attached to the flow system was adjusted so the 
outflow was approximately 1 cm above the anterior tongue.

Equipment

The computerized system we used for presenting and measuring time-inten-
sity/hedonicity judgements is similar to the equipment described by Guirao and 
Zamora (Guirao & Zamora, 2000). The equipment consisted of: 

1. A gravitational flow system with silicon tubes (5mm inner diameter, 8mm 
outer diameter). Liquids were held in glass containers. Valves were solenoid 
pinch valves (Sirai, normally closed, 220 V, 13 W), which exerted a pinching 
strength of 1.4 kg. These valves had the advantage of preventing contact of 
the fluids with anything but the tubes. The valves were contained in a wooden 
box, inside covered with foam rubber for acoustic isolation. The tubes ended in 
capillaries that were bound together in a small funnel. 

2. A computer program that controlled the opening and closing of the valves, 
the registration of the position of the cursor on the line scale and measurement 
of the timing of events within the response, written with Visual Basic 6.0. 

3. Subjects used the computer mouse (optical and cordless) to slide a point-
er along an on-screen line of 190 mm length. The line scale values varied from 
1 to 150. A 19-inch personal computer monitor was used to present the line 
scale. Every 10 msec the position of the pointer was written to an output file. 
We checked if our general-purpose computer was able to do this. At start-up 
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of the procedure, on average, 19.4 (± 0.093) msec are missed in counting by 
the program and the output file was not accessed during this time. After that, 
every 10 msec the pointer position was written to an output file. Considering 
the length of our responses, the procedure we used on our general-purpose 
computer was sufficiently accurate.

We used 4 valves; one was coupled to demineralized water, and three to the 
stimuli.

Design

This study used a within-participants experimental design. Two different in-
structions were given: focus on the pleasantness of the mixture or focus on the 
intensity of the mixture. Each stimulus was presented 8 times. This made a 
total of 24 time-intensity/hedonicity judgements per instruction condition. The 
order of the experimental conditions was balanced across subjects. Subjects 
made judgements in blocks of 12 stimuli, with a pause in between. The order of 
stimuli was randomised within each block. Each session consisted of two blocks 
and lasted approximately 45 minutes.

Procedure

Subjects participated in 3 sessions. The first session was for screening and 
training. In this session, each subject had 5 training trials per condition. In the 
next two sessions subjects made TI judgements of 24 samples per session.  

The subject was seated in a chair in front of a keyboard with his chin above a 
container. She/he was instructed to take a position she/he was able to maintain 
comfortably for a couple of minutes. The fluid flowed out of the tube onto their 
tongue and of their tongue into the container. If the subject was right-handed, 
the right hand was used to move the mouse. If the subject was left-handed, this 
was reversed. The subject received instructions about which of both aspects of 
the taste had to be focused on. The two conditions were: either focusing on 
intensity or on pleasantness of the taste. The stimulus was cued one second in 

zeer 
onaangenaam

zeer 
aangenaam

Fig 2. Line scale with pointer. The labels on the left and right are Dutch and translate as 
‘extremely unpleasant’ and ‘extremely pleasant’ respectively. In the intensity condition 
these labels were ‘extremely weak’ and ‘extremely strong’ respectively.
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advance by a computer-generated bell-like sound of moderate intensity. As the 
5-seconds duration stimulus flow started, a line scale with a pointer (figure 2) 
was presented on-screen.

The pointer’s starting position was in the middle of the slider in the pleasant-
ness condition, and on the left in the intensity condition. The subject “dragged” 
the pointer with the mouse along the line scale matching her/his perception of 
either the intensity or pleasantness (depending on experimental condition) of 
the stimulus over time.  The subject rated intensity or pleasantness until the 
instructed attribute could no longer be perceived; then the subject had to press 
a “stop” button. After this a 1 second flow of demineralized water was used to 
rinse the funnel. Subsequently, the subject had to rinse his/her mouth thor-
oughly with demineralized water and was then allowed to relax before the next 
stimulus was signalled after sixty seconds.  

Analysis

Data analysis was carried out on the pointer positions that were written to 
the output file during the experimental sessions. These included onset laten-
cies, time to maximum response (T-max) and response duration.
 

Results

Effect of condition on latency, Tmax and duration

In Fig 3 the means of the different types of instruction (intensity and pleas-
antness) for the three dependent variables (latency, Tmax and duration) are 
shown collapsed over replications, concentrations and subjects. A within-sub-
jects MANOVA (SPSS 11.5) showed that the multivariate effect of type of in-
struction was significant (F(3,21) = 17.121, p = .000) with an observed power 
of 1. This analysis also included the other independent variables; both concen-
tration (F(6,90) = 1.965, p = .079), and the effect of replication (F(21, 483) 
= 1.356, p = .134) weren’t significant. As can also be seen in Fig. 3, the la-
tency for the intensity response was shorter than for the pleasantness response 
(F(1,23) = 31.488, p = .000, observed power 1). In addition, Fig 3 shows that 
the duration of the pleasantness response is nearly 3700 msec shorter than the 
intensity response(F(1,23) = 15.095, p = .001, observed power .961). Tmax 
of the response was longer for pleasantness than for the intensity condition. 
Probably due to the large variations in the pleasantness condition as opposed 
to the intensity condition (a standard deviation of 9997 vs. 2464 msec respec-
tively, see Table 2) this effect remained insignificant at the .05 α-level (F(1,23) 
= 4.021, p = .057). In this situation of heterogeneity of variance, we may 
falsely reject a difference between Tmax for intensity and pleasantness. So we 
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Fig. 3. Mean and SEM in msec for the two conditions on the three dependent variables. 

*Significant results at the .05 α–level.
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performed a post-hoc non-parametric test of the effect of condition on Tmax. 
We found a significant difference in the expected direction (intensity < pleas-
antness) (Mann-Whitney U-statistics: Z = -3.535, p = .000). 12 out of 24 of the 
subjects showed a Tmax of intensity before the Tmax of pleasantness.

Descriptive functions

For each trial, we divided the interval from response onset to Tmax in 10 
time points at equal distances.We did the same for the interval from Tmax to 
endpoint. The position of the pointer corresponding to the point in time was 
calculated. These pointer-positions and time points were averaged separately 
across trials, stimuli, and subjects, and were plotted (shown in fig 4.).  Both 
functions show an initial increase to a maximum and after that a gradual de-
crease.

We fitted two cubic functions to describe the observed data in figure 4. The 
two cubic functions (Fig. 4), are both a bit flattened out as compared to the 
observed data. The coefficients, goodness-of-fit, and significance can be found 
in table 3.
We performed an ANOVA on a simulated data matrix of 387 points in time for 
these two functions. There was a significant difference between both functions 
(F(1,386) = 2383.261, p = .000).

On a given point in time, each intensity value is accompanied by a pleasant-
ness value. This is depicted in figure 5: we plotted the fitted pleasantness func-
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tion against the fitted perceived intensity function, for the duration of the pleas-
antness response. As can be seen in Fig 5., for a given perceived intensity there 
are two corresponding values of pleasantness, one before peak-intensity, and 
one after peak-intensity. The pleasantness value belonging to a given perceived 
intensity value after the peak is always higher than the one before the peak. 

Individual responses

In the same manner as the observed data were plotted in figure 3, we plot-
ted the observed data of the hedonic and intensity response per subject in 
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Fig. 4. Predicted and observed curves for intensity and pleasantness judgements over 
time

      

Condition R2 b0 b1 b2 b3

Intensity* .955 -68.062 3.429 x 10-02 -2.595 x 10-06 5.382 x 10-11

Pleasantness* .891 40.476 1.203 x 10-02 -9.100 x 10-07 1.951 x 10-11

Table 1.
Regression coefficients and R2  of the cubic functions (y = b0 + b1x + b2x

2  + b3x
3 ) fitted 

to the observed data presented in figure 4.

*Significant results at the .05 α –level.
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Fig. 5. Predicted pleasantness plotted against predicted subjective intensity. The black 
and grey lines represent the data before and after peak intensity respectively. This figure 
looks the same when peak pleasantness is taken as the cut-off point, since these two 
peaks almost coincide (see figure 4.)

figure 6. The single-peaked time-hedonic response can for example be seen in 
subject 23. Another nine subjects show approximately this same pattern (sub-
jects 1, 2, 3, 4, 5, 11, 12, 13, 22, and 24), and another four subjects show this 
pattern with a delay for the pleasantness response as compared to the intensity 
response (subjects 9, 19, 20, and 21). An additional five subjects also show this 
single-peak hedonic response with the hedonic peak preceding the intensity 
peak (subjects 8, 14, 17, and 18).  A double-peaked hedonic function can be 
seen in subjects 6, 7 and 15. The remaining two subjects (10 and 16) show a 
diffuse pattern for their pleasantness responses.

Discussion

We investigated temporal aspects of hedonic responses and compared these 
to temporal intensity responses in taste. The subjects had to rate the pleas-
antness or the intensity of the taste over time by dragging a pointer along a 
scale, matching his/her perception of the specific stimulus attribute. Our study 
confirms that, as was suggested by Taylor and Pangborn (1990), time-hedonic 
scaling can be performed. The time-hedonic curve is not a shifted copy of the 
time-intensity curve (in latency and Tmax: intensity < pleasantness, in dura-
tion: intensity > pleasantness), and the coefficients of fitted cubic functions 
differ. This suggests that it is possible to investigate the time-hedonic response 
in itself. In the remainder of this paper, we will discuss each result, explanations 
for these results and inconsistencies.
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Scaling differences

The procedure in the two different conditions was exactly the same, except 
for the starting point of the pointer on the slider. In the pleasantness condition, 
the starting position was in the middle of the slider, analogously to the proce-
dure used by Taylor and Pangborn (1990). In the intensity condition the start-
ing position was on the extreme left. If one wants to use single visual analogue 
scales, this arrangement is obligatory, since in the pleasantness condition the 
subject starts at neutral where after the subjective rating may either become 
pleasant or unpleasant, whereas in the intensity condition the rating starts at 
no intensity and then increases in intensity. This may primarily have led to a 
difference in the range of values, but our analysis focused on the temporal as-
pects of the responses. The effect of this scaling difference on our results will 
be discussed in more detail in the remainder of this paper.  

Latency

As was expected on the basis of serial models discussed in the introduction, 
we found a shorter latency for intensity than for pleasantness. The differences 
in starting point of the pointer on the slider, may have consequences for the 
latency, since it may take more time to start with two available directions than 
with only one (in the pleasantness response, where the latency resembles a 
choice response time), whereas in the intensity condition the latency (with 
only one direction) is comparable to a simple response time. This might have 
contributed to the difference in latency we found. However, we found a simi-
lar result in a previous study with complex response times (Veldhuizen et al., 
2005), namely shorter response times for intensity judgements than for pleas-
antness judgments.  In that study, we did not use line scales, but subjects were 
required to make comparison judgments. In both conditions exactly the same 
procedure was used for intensity and pleasantness judgments. The temporal 
aspects of the intensity and pleasantness responses in the present study may 
be interpreted in a similar manner as the response times in that previous study, 
in the sense that our present responses may also reveal something about the 
mental events that take place. The latency of the response is in fact the same 
as a reaction time. So, a parsimonious conclusion may be that intensity pro-
cessing precedes pleasantness processing, indicating seriality of processing. 
This also means that first a certain amount of intensity processing is required 
before the processing of pleasantness can begin. The pleasantness response 
seems less sensitive to changes in stimulus concentration than the intensity 
response, e.g. has a lower resolution. A more detailed discussion of the inter-
pretation of a difference in response times for intensity and pleasantness was 
given in Veldhuizen et al. (2005).
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Time of maximum

Contrary to our expectations, we did not find a difference in the time to 
maximum with the analysis of variance. This may be due to large variation in 
the pleasantness response. In order to circumvent this heterogeneous variance 
we carried out a post-hoc non-parametric test, which showed that Tmax is sig-
nificantly shorter for intensity than for pleasantness. The considerable within-
subject variation usually associated with liking, may be specifically reflected by 
the maximum of the time-hedonic response, rather than in the other tempo-
ral characteristics of the pleasantness curve (which display a variation pattern 
comparable to that of the intensity responses). 

Duration

We had no reason to predict different durations for the pleasantness and 
intensity responses. However, we found the duration to be shorter for the pleas-
antness response than for the intensity response. This means that the pleas-
antness response started after the intensity response began and ended before 
the intensity response ended, thus the pleasantness response entirely occurs 
during the intensity response. Thinking from a response-times frame-of-mind, 
this may mean that pleasantness processing occurs simultaneously with inten-
sity processing, perhaps suggesting partially parallel processing. On the other 
hand, it may be that due to the intrinsically noisy hedonic response, subjects 
are not sure whether or not their pleasantness perception has become neutral 
and may sooner decide than with the intensity response that there is no more 
pleasantness perception and stop rating. However, this should then be reflected 
in a difference in variance for the duration of the two conditions, which is not 
the case. The shorter duration of the pleasantness response may also indicate 
that several perceptual characteristics usually observed in intensity responses 
are of less significance in pleasantness responses. In the intensity response, the 
curve reflects processes that cause the sensation to increase (flavour release 
and temporal summation) and processes that cause the sensation to decrease 
(adaptation). As can be seen in figure 4, the pleasantness response shows less 
pronounced increase and decrease than the intensity response. This could be 
due to the absence of temporal summation and adaptation in pleasantness. 
The less pronounced  increase and decrease of the pleasantness response com-
pared to the intensity response may also follow from the differences in scales 
that were used for the two conditions, as was discussed earlier in this paper. 
Drawing a conclusion is complicated by the fact that the contribution of sensory 
and response processing cannot be separated. 
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Temporal relationship between pleasantness and subjective intensity

An analysis of the predicted and observed intensity and pleasantness curves 
shows that pleasantness ratings for a given perceived intensity are higher after 
the peak-intensity is reached. Thus, it may be of importance to reach this peak 
as fast as possible in order to optimise pleasantness.

Effect of concentration

A pilot using a whole-mouth sip & spit method, (Veldhuizen et al., 2005) 
showed that the amounts of added quinine sulfate lead to different pleasant-
ness ratings. The flow method used in the present experiment only stimulated 
the anterior tongue, which may be less sensitive than a whole-mouth method.

Stimulus

We used an ecologically valid stimulus (orange lemonade) in a life-like tast-
ing situation (which may involve olfaction and touch as well). This means that 
the separate contributions of the different components in the complex mixture 
and of the different modalities to the time-intensity and time-hedonic respons-
es cannot be distinguished in the present study.

There is a possibility that the different components in the mixture contrib-
uted unevenly to the response curves. For example, perception of the bitter 
component is slower (Bonnet, Zamora, Buratti, & Guirao, 1999) than of the su-
crose component in the syrup. This should lead to a discontinuity in the rise of 
the individual intensity curves. As figure 6 shows, this cannot be observed, so it 
seems that the time-intensity scaling is insensitive to such changes. We cannot 
conclude that this is the same for the hedonic response, eventhough Coombs 
(1977) argued that pleasantness is a unidimensional concept, independent of 
the complexity of the stimulus.

Individual responses

We predicted single and double-peaked time hedonic functions for individual 
subjects. The majority of the individual hedonic curves were either single- or 
double peaked. The data did not clearly falsify or confirm this theoretical predic-
tion. As the proposed relationship between the intensity and the hedonic con-
tinuum is theoretically obligatory, replication of this study with other stimuli and 
concurrent measurement of the hedonically optimal intensity per subject may 
be needed. In the individual response the consequences of scaling differences 
in the two conditions also become apparent. Different subjects have different 
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strategies of using the scale. Also, in the pleasantness condition most subjects 
use only the upper half of the scale, whereas the intensity response hardly ever 
reaches its upper limit. This may be due to the difference in starting point of 
the scales. This is the preferred arrangement if one scales a bipolar sensation 
like pleasantness on single line-scale. In future studies such scaling differences 
may be avoided by considering use of separate scales for pleasantness and 
unpleasantness.

Conclusions

Our results show that it is in principle possible to investigate the tempo-
ral aspects of the hedonic response itself. A comparison of the time-course of 
intensity and pleasantness of taste revealed that both the onset and time of 
maximum of the intensity response, happened before the onset and time of 
maximum of the pleasantness response, implying serial processing, which is in 
line with available models (of Cardello, 1996, and Drenowski, 1997). Although 
the shorter duration of the pleasantness response may reflect partially parallel 
processing, it could also simply reflect decision process in pleasantness due to 
much noise at low pleasantness values. 
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Abstract

During a continuous rating task subjects switched between subjective intensity 
and pleasantness judgments of orange lemonades with added quinine sulfate. In 
general, subjects switched faster from pleasantness to intensity than vice versa. 
However, with increasing stimulus intensity, shifts to pleasantness judgment 
became faster and with the strongest intensity, approached the speed of the 
shift to intensity judgment. Apparently, with a strong and unpleasant stimulus, 
the internal representation of hedonic value is less ambiguous then with a weak 
stimulus. It is speculated that a faster attentional shift may help protect an 
organism against harmful, usually bitter, substances.
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Introduction

In a previous experiment (Veldhuizen, Vessaz, & Kroeze, 2005) we found 
that subjects need more time when they make hedonic comparisons than when 
they make intensity comparisons of two taste stimuli. We have suggested 
several possible explanations for this time difference, one being the definition 
(distinctness) of the task. The subjective concept of pleasantness, so it was 
argued, may be more ambiguous and more difficult to define than the concept of 
subjective intensity. Therefore, extra time may be needed in beginning to focus 
on the less well-defined stimulus property of pleasantness as compared to the 
more clearly-defined property of subjective intensity.

For subjective intensity of stimuli, unambiguous physical as well as neural 
correlates exist in respectively the physical energy level and the corresponding 
amount of afferent neural activity. At the neural level subjective intensity is 
coded early, presumably already at the receptor level, as is clear from a simple 
monotonic relationship between the amount of receptor activity and the neural 
and behavioural responses. For taste, the relationship between these three levels 
of activity, physical, neural and behavioural, was demonstrated by the finding 
of monotonic functions in conscious human patients who underwent middle-
ear surgery, thus enabling combined electrophysiological and psychophysical 
measurements while their first-order taste nerve, the  chorda tympani  was 
exposed (Diamant, Oakley, Stroem, Wells, & Zotterman, 1965). This monotonic 
relationship is also clear from many other psychophysical studies in taste (De 
Graaf & Zandstra, 1999; Lim & Lawless, 2006; Shikata, McMahon, & Breslin, 
2000; Stevens, 1970). 

For pleasantness no such straightforward correlates are known. Furthermore, in 
many cases stimulus pleasantness is a learned property, leading to considerable 
interindividual pleasantness differences with respect to the same stimuli 
(Moskowitz, Kumaraiah, Sharma, Jacobs, & Sharma, 1975). Another complication 
is the absence of a monotonic relationship between intensity and hedonic value 
in most cases: this relationship is often described as a single-peaked function 
(Coomb and Avrunin, 1977; Wundt 1896). In addition, the neural determinants of 
pleasantness are  diffuse and spread over several central systems, of which the 
dopaminergic and opioid system are prominent. Although the first contributions 
to the experience of pleasantness may originate in the medulla, for example 
in the tegmental area, its main coding neurons are centrally located in areas 
like the nucleus accumbens and the orbitofrontal cortex (Rolls, 1984, 2004). 
It appears to  depend on the  activity of several about simultaneously active 
systems (Berridge, 2003). So, the perceptual ambiguity of the pleasantness 
concept may not only arise from its dependence on learning and experience, but 
also on being the result of activity in several different brain areas. 

Longer response times in the case of pleasantness judgments may be due to 
the longer time it takes to navigate attention to this less well-defined property 
of stimulus experience. 
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Here we investigate the switch toward a stimulus property when it has to be 
evaluated. It is assumed that it will take more time to switch from an intensity 
task to a hedonic task than vice versa. 

In order to make sure that the subject is indeed focusing on either intensity 
or pleasantness according to the prevailing instruction, we used the time-
intensity (TI) technique (Lawless & Heymann, 1999; Overbosch & De Jong, 1989; 
Overbosch, de Wijk, de Jonge, & Koster, 1989; Piggott & Schaschke, 2001). In 
TI-measurement the subject keeps her or his attention continuously focused on 
the instructed aspect and responds to it by moving a pointer up if subjective 
intensity increases and moving it down if it decreases. This results in TI-tracks 
which represent the sensation over time. The tracking technique may be applied 
to other stimulus properties as well. In our previous investigation we applied it 
to the judgment of pleasantness: if during of stimulation a stimulus becomes 
less pleasant, the subjects moves the pointer down and vice versa.  Particularly 
relevant to the present experiment is the necessity for the subject to remain 
focused on subjective intensity as long as she or he is not instructed to switch to 
pleasantness or vica versa. In the present study subjects were stimulated by a 
taste substance and had, depending on the instruction, to focus on either intensity 
or pleasantness. In the course of stimulus presentation after unpredictable 
intervals, the instruction was switched from  intensity to pleasantness or the 
other way around.

The time it takes to start rating the other aspect after the signal to do so, is 
the dependent variable under investigation. Based on the differences between 
subjective intensity and pleasantness outlined above and on the result of the 
experiment in which hedonic and intensity reaction times were compared 
(Veldhuizen et al., 2005), we may expect the shift times to intensity to be faster 
that those to pleasantness. 

 
Method

Subjects

14 paid volunteers (7 male, 7 female, mean age: 24.4 (± 4.1), median age: 
23.5, all university students) served as subjects. Before participating in the 
experiment each subject was screened for 1. possible chemosensory deficits by 
a questionnaire; 2. comprehension of ranking; and 3. ability to identify sweet, 
salty, sour and bitter taste. The subjects were not informed about the purpose of 
the experiment, gave their informed consent, and received a monetary incentive 
for their participation. Subjects were asked to abstain from eating, drinking and 
smoking one hour prior to the experiment. The investigation was carried out in 
accordance with the ethical policy of Utrecht University.
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Stimuli

The compounds used in this experiment were orange lemonade syrup 
(commercial grade, Spar) and quinine sulphate (pharmaceutical grade, Fluka). 
The syrup consisted of 64.6% sugar, 62.7% fruit juices from concentrated orange 
and rose hip, 4.5% glucose syrup, 1.3% citric acid, 0.4% aromas, 0.06% vitamin 
C, and 0.01% Potassium sorbate. One part of syrup was diluted with seven parts 
of demineralised water (produced by a Millipore Milli-U10 water purification 
system, resistivity > 10 MΩ·cm), 3.39 x 10-5 M quinine sulphate was added, this 
was stimulus 2. Stimulus 1 and 3 were obtained by multiplying the compounds of 
stimulus 1 by 0.6 and 1.4 respectively. In a previous study we had subjects rate 
the pleasantness of different amounts of quinine sulphate added to a constant 
orange lemonade base (Veldhuizen et al., 2005) . The lemonades containing the 
amount of quinine sulphate used in the present study, received pleasantness 
ratings of 7.0 (± 1.4) and 3.2 (± 1.7) for stimulus 1 and 3 respectively on the 
widely used nine-point hedonic scale of Peryam et al. (1952) and discussed in 
Lawless and Heymann (Lawless & Heymann, 1999). The concentration of 3.39 x 
10-5 M was found by fitting a quadratic function on the mean hedonic judgments 
in this same study and computing the concentration of added quinine sulphate 
corresponding to a pleasantness rating of 5. Thus, we added three different 
quinine sulphate concentrations, one leading to a stimulus that most subjects find 
pleasant, a second that is judged as hedonically neutral, and a third concentration 
that made the stimulus unpleasant for most subjects. Stimuli were presented at 
room temperature (~ 23˚C). 

Equipment

The computerized system used for controlling stimulus delivery, measuring 
continuous ratings and measuring the time it takes to make a switch between 
tasks has been described previously (Veldhuizen et al., 2005). The stimuli were 
applied by a flow system with a silicon delivery tube, producing a flow rate of 0.99 
ml/s, which was slightly less than the intended 1 ml/sec and the volumes were 
approximately 7 ml. The ending of the silicon tube was suspended approximately 
1 cm above the tongue.

Design

This study used a within-subjects experimental design. The two conditions 
were the different instructions. The intensity-first condition was instructed like 
this: first focus on intensity and then, at the signal switch to the other task of 
attending and rating pleasantness. The pleasantness-first instruction went as 
follows: first focus on pleasantness and then at the signal, switch to the other 
task of attending and rating intensity. All stimuli were presented 8 times in 



82

M.G. Veldhuizen  Subjective Intensity and Pleasantness in Taste

Chapter 5

both conditions. This made a total of 48 trials, presented during two separate 
sessions on different days. Subjects were trained during a separate preliminary 
session. The order of the conditions was balanced across subjects: half of the 
subjects received the intensity-first trials in the first session, half of the subjects 
received the pleasantness-first trials in the first session. The order of the stimuli 
was randomised within each session. 

Procedure

Subjects were treated separately and individually. They were seated in a 
chair in front of a keyboard and with the chin above a container. Subjects were 
instructed to take a position they could maintain for a few minutes and the height 
of the outflow of the tubes was adjusted to a comfortable position. The fluid flowed 
out of the tube onto the subjects’ tongue and from the tongue into the container. 
A time-intensity procedure was used; subjects continuously rated the relevant 
aspect of the taste on a line scale presented on a computer monitor; ratings 
were given by dragging a pointer along a slider. After an interval randomised 
between 4 and 5 seconds following the start of stimulus delivery, the subjects 
were signalled to shift attention to the other aspect of the taste with the word 
“shift” displayed in red on the monitor. Depending on the condition, each subject 
was instructed to either focus first on intensity or on pleasantness. So, during a 
single session, subjects in each trial made the same switch between tasks. After 
the presentation of the stimulus, water was provided to rinse the funnel. Then 
the subject was allowed to relax and rinse his/her mouth with demineralised 
water before the next stimulus was signalled after 90 seconds. Because in each 
trial within a block, subjects always shift from A to B, they have to reset to A 
between trials.  Before the experiment, subjects were trained to release the 
mouse-button when the shift was signalled. After the signal they had to shift 
focus to the other instructed aspect and continue the rating.

Analysis

After the shift signal subjects released the mouse button and continued rating 
the other instructed aspect. The time that elapsed from the signal to the resumed 
rating was defined as the shift time (ST). In figure 1 a typical trial and the 
calculation of shift time is shown. A session lasted approximately 40 minutes.

 
Results

Data from 2 subjects were discarded because their mean ST deviated more 
than 3 standard deviations from the grand mean across all subjects. We observed 
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FIG 1. A typical trial. At the shift signal (randomized between 4000-5000 ms), the sub-
ject, after a short latency, released the mouse-button. After that, the subject started 
rating the new aspect as fast as possible. Resumption of rating could be detected by a 
sudden  increase or decrease in value after about 2 seconds. Shift time is defined as the 
interval between shift signal and resumption of rating.
 

a marginally significant general decrease in shift time as reflected in the grand 
mean during replications (F(7,77)= 2.099, p=0.053). This is a general learning 
effect associated with the procedure, and we decided not to include the first two 
replications in subsequent analyses. 

We performed a within-subjects 2 x 3 x 6 ANOVA (SPSS 11.5) with condition 
(intensity/hedonics), stimulus (1,2, and 3), and replication (1 to 6) as factors. 
The intensity-to-pleasantness shift took approximately 300 ms longer than the 
pleasantness-to-intensity shift (F(1,11) = 16.001; p = .002; observed power = 
.95). An interaction between condition and stimulus was observed (F(2,22) = 
5.198; p = .014; observed power = .77). The shift times for the two conditions 
over stimuli are depicted in panel A of figure 2. As can be seen in this figure, 
the shift times from intensity-to-pleasantness decreased with increasing 
concentration, which was confirmed by post-hoc tests indicating a difference 
between stimulus 1 and 3 (p = .016) and between stimulus 2 and 3 (p = .029) 
for the intensity to pleasantness shift times (see figure 2A). The shift times from 
pleasantness to intensity showed a quadratic pattern, which was confirmed by 
a post-hoc significance for stimulus 2 compared to stimulus 1 and 3 together (p 
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= .003) (see figure 2A). 

 
Discussion

The results clearly show asymmetrical shift times: the switch from pleasantness 
to intensity was about 300 ms faster than the switch from intensity to 
pleasantness. This observation agrees well with our previous results and the 
proposed difference in task distinctness discussed in the introduction; apparantly, 
extra time is needed to focus on the less well-defined stimulus property of 
pleasantness as compared to subjective intensity. 

The stimulus with condition interaction we observed for shift times but not 
for latency shows that these first are more sensitive to stimulus changes than 
the latter. We also failed to find a stimulus x condition interaction for response 
latencies in our previous studies (Veldhuizen et al., 2005; Veldhuizen, Wuister, 
& Kroeze, 2006). The difference between the time to shift to intensity and to 
shift to pleasantness times decreased with increasing stimulus concentration. 
Also, the subjective intensity-to-pleasantness shift times showed a decrease 
with increasing concentration. It may be that switching attentional focus to 
pleasantness becomes easier as the stimulus concentration increases. With 
increasing concentration, the taste becomes less pleasant, which may lead to a 
better defined concept. It may be speculated that this better defined pleasantness 
concept is the result of the downregulation of some of the pleasantness systems, 
such as the opioid system which becomes inactive during displeasure. Thus it 
may become easier to focus attention on pleasantness with increasing bitterness. 
Increased ease of focusing on unpleasant stimuli, would allow an organism to 
react faster to potentially dangerous stimuli. This agrees with the bias for negative 
information that has been suggested for the taste system in particular (Small 
et al., 2003; Winston, Gottfried, Kilner, & Dolan, 2005) and for perception and 
cognition in general (Cacioppo & Berntson, 1999; Coombs & Avrunin, 1977; 
Rozin & Royzman, 2001).

The shift times from pleasantness to subjective intensity show a U-shaped 
function. Detaching from pleasantness and/or shifting to intensity is faster when 
the stimulus is hedonically neutral versus either pleasant or unpleasant. Again, 
this may be explained by the involvement of more pleasantness systems in the 
neutral stimulus of intermediate intensity (which may be composed of pleasant 
and unpleasant components that outweigh each other). We conclude that shifts 
from pleasantness to intensity are primarily sensitive to changes in valence. It 
seems that detaching attention from pleasantness to intensity becomes harder 
as the stimulus becomes more strongly valenced, either in a positive or in a 
negative direction.
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Abstract

In two experiments we investigated a special cross-modal top-down example 
of affective priming, namely detection of taste targets preceded by visually pre-
sented words containing pleasantness information. In the first experiment with 
long prime presentation times we found that detection times of gustatory target 
stimuli are shortened if the pleasantness information in the prime is congruent 
with hedonic tone of the taste stimulus (e.g. “good”-sucrose; “bad”-caffeine; 
“neutral”-demineralised water) as compared to incongruent prime-target com-
binations. In the second experiment with shorter prime presentation times, this 
facilitation of detection by an affectively congruent context was replicated. In 
the first experiment congruency facilitation was most prominent for sucrose, 
in the second experiment for caffeine. This finding supports the idea of faster 
detection in expectancy of a potentially dangerous bitter stimulus.
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Probably everyone has had the experience of food and drinks tasting better 
in good company. There is a large number of factors influencing taste percep-
tion, such as stimulus properties (i.e. concentration, molecular structure), and 
inter- and intra individual factors (i.e. mood, affective conditioning, exposure, 
cultural learning processes) (Cardello, 1996; Laing et al., 1994; Prescott et al., 
1996). We hypothesize that affective context influences perceptual processing 
of taste.

Affective context has been shown to influence performance on a number of 
tasks. In affective priming studies usually a target word has to be evaluated as 
positive or negative. This target word is preceded by a prime, a word, that can 
be positive, negative or neutral. If the prime and target are of the same affec-
tive valence (e.g. congruent) evaluation becomes faster as compared to incon-
gruent or unrelated prime-target pairs (for an overview, see Fazio, 2001). The 
prime is thought to be automatically evaluated, which was confirmed in stud-
ies with subliminally presented primes (Greenwald, Schuh, & Klinger, 1995). 
The affective priming effect also generalizes to non-affective evaluation tasks, 
for example lexical decision and pronunciation (Hermans, Dehouwer, & Eelen, 
1994; Hill & Kempwheeler, 1989; Wentura, 2000). Also, the effect was demon-
strated cross-modally with odours as primes and visually presented words as 
targets (Hermans, Baeyens, & Eelen, 1998).

In the present study a special cross-modal top-down example of affective 
priming was investigated, namely detection of taste targets preceded by visu-
ally presented words containing pleasantness information. In the experiment 
described here we used three words (“bad”, “good” and “neutral”) as primes 
and three tastes (caffeine, sucrose and demineralised water) as targets. It is 
assumed that bitter tasting substances are usually perceived as unpleasant, 
sweet tasting substances as pleasant, and demineralised water as neutral. We 
expect facilitation of detection in congruent prime-target combinations as op-
posed to incongruent prime-target combinations, expressed in faster response 
times and fewer detection errors.
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FIG 1. Mean response times in ms and  SEM (averaged over subjects and replications, 
closed symbols) of the caffeine and sucrose solutions. Response times of the 37 mM 
caffeine concentration and 219.1 mM sucrose solutions differed least (grey bars). These 
concentrations were used as stimuli in the experiments. 
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Experiment 1.

Methods

Participants

Fifteen subjects (11 female, 4 male) participated in the study, ranging in age 
from 19-30 (mean 22.87 ± 3.09). Before participating in the experiment each 
subject was screened for 1. possible chemosensory deficits by a questionnaire; 
2. comprehension of ranking; and 3. ability to distinguish between sucrose, caf-
feine and water taste. Fourteen subjects were rewarded with a monetary incen-
tive and one subject participated to fulfil a part of her curriculum. Subjects were 
asked to abstain from drinking, eating and smoking one hour prior to testing.

Procedure and materials

We used sucrose (CSM, commercial grade) and caffeine (Fluka, pharma-
ceutical grade) dissolved in demineralised water (produced by a Millipore Milli-
U10 water purification system, resistivity > 10MΩ). We chose these substances 
based on reported overlapping gustatory response times (Bonnet, Zamora, Bu-
ratti, & Guirao, 1999). In a pilot study we presented 4 subjects with 20 ran-
domly ordered replications of two caffeine solutions of respectively 24.7 mM 
and 37 mM and two sucrose solutions of 219.1 mM and 292.14 mM. The pilot 
session (Fig. 1) showed that the response times for the 219.1 mM sucrose solu-
tion and the 37 mM caffeine solution were most similar. So we used these two 
concentrations from here on.

The stimuli were delivered by a gravitational flow system (for a detailed de-
scription, see Veldhuizen, Vessaz & Kroeze (2005)) with a flow rate of ~1 ml/s. 
We made the following alterations: 1. The fluids dripped off a small plastic ball 
that was pinched into a stature enabling the subjects to hold their tongue ap-
proximately 1 cm under the outflow point. The time between the opening of the 
valves and arrival of the flow on the tongue was ~ 250 ms. 2. Subject wore a 
Sennheiser headphone to prevent hearing any sound of the equipment. 

All subjects participated in three sessions: a screening/training session, and 
two experimental sessions. At the beginning and end of each session the sub-
ject rated the intensity and pleasantness independently for all three stimuli on a 
visual analogue line scale. The left and right endpoints of the scale were labelled 
with the Dutch equivalent of ‘very weak’ and ‘very strong’ or ‘very unpleasant’ 
and ‘very pleasant’ for the intensity and pleasantness ratings respectively.

In the screening/training session each subject was given 15 training trials. 
Each experimental session contained 80 trials. At the beginning of each trial 
the subject was cued by a bell sound from the personal computer to take the 
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required position: extending the tongue under the outflow point, tilting the 
head backwards and fixating the eyes on the computer screen. A fixation cross 
appeared at the centre of the screen. After 4 seconds the fixation cross disap-
peared and the prime was presented for 1000 ms. The prime was the Dutch 
equivalent of “good”, “bad” or “neutral” . After a random delay between 750 
and 1000 ms the target stimulus (caffeine, sucrose or demineralised water) 
was presented for 1.5 seconds. The subject was instructed to push, as quickly 
as he/she could, one of two buttons if there was a taste and the other if there 
was no taste. The dominant hand was used to respond. The response-button 
combinations were counterbalanced across subjects. The subject had to swal-
low the solution to ensure stimulation of both the anterior and posterior part of 
the tongue. Five seconds after responding demineralised water rinsed the ball. 
After each trial the subject was allowed to rinse his/her mouth with deminer-
alised water and to relax for about 55 seconds.

A within-subject experimental design was used. The stimuli were presented 
in random order. For each stimulus there were multiple replications (number 
of replications mentioned between brackets). Caffeine was preceded by the 
primes “bad” or “neutral in 80% (32) and 20% (8) of the trials respectively. 
For sucrose there was the prime “good” in 80% (32) and “neutral” in 20% (8) 
of the trials. The water stimulus was preceded in 80% (64) of the trials by the 
prime “neutral”, in 10% (8) by the prime “good” and in 10% (8) of the trials by 
the prime “bad”. 

Results

For the prime-target combinations with 32 and 64 replications, means were 
calculated in chronological order, 8 at a time. This made all within-frequencies 
equal, as required by the within-subjects 2 (congruency) x 3 (stimulus) x 8 
(replications) ANOVA. The detection times for the water stimulus did not differ 
for the primes “bad” and “good”, so we averaged the primes “bad” and “good” 
to obtain a incongruent condition.
As can be seen in Fig. 2A, detection of a tastant that is preceded by a congruent 
prime is faster than detection of a tastant that is preceded by an incongruent 
prime (F(1,14)= 5.253, p=0.038, prep = 0.689, ε2 = .273). Fig. 2B also shows 
that a congruent prime leads to a higher detection accuracy (F(1,14)=7.124, 
p=0.018, prep = 0.728, ε2 = .337) as compared to incongruent primes. 

The mean pleasantness and intensity ratings (averaged over sessions) at the 
beginning and end of each session are shown in Figure 3A and B. We observed 
no difference between the pleasantness ratings before and after the experimen-
tal trials, but there was a difference between the intensity ratings before and 
after the experimental trials (F(1,14)= 7.429, p=0.016).
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FIG 2. Mean response times in ms (A) and proportion of correct detections (B) and SEM 
for the three stimuli (averaged over subjects and replications) for the congruent prime-
target combinations and incongruent prime-target combinations in experiment 1.

FIG 3. Mean subjective intensity (A) and pleasantness (B) ratings and SEM for the three 
stimuli (averaged over subjects, sessions, and replications) before and after testing in 
experiment 1.

Discussion

We showed facilitation of taste detection times in a congruent affective con-
text as compared to an incongruent affective context.  

In the standard affective priming paradigm the prime presentation time is 
usually 200 ms and the prime-target interval 100 ms. In the affective priming 
literature it has been shown that if the delays are prolonged to 1000 ms, the 
priming effect disappears (De Houwer, Hermans, & Eelen, 1998; Fazio, Sanbon-
matsu, Powell, & Kardes, 1986; Hermans et al., 1994). In the present study the 
priming effect was found, despite the long delay. This may be modality-specific. 
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The taste system as compared to vision may have different optimal conditions 
under which the priming effect occurs, for example a longer delay between 
prime and target and a longer target presentation time. Also, facilitation of 
taste detection of a tastant within a similarly valenced context may not require 
automatic processing in taste. 

Experiment 2

Unless indicated, the Methods & Materials were the same as in experiment 
1.
 

Method

Participants

Thirteen subjects participated in the study (8 female, 5 male) ranging in age 
from 18-29 (Mean 23.54 ± 2.7).

Procedure and materials

Each stimulus was delivered over 2 channels of the gravitational flow system, 
to minimize possible systematic differences that may be detected by subjects.

The presentation time of the prime was 200 ms and the prime-target interval 
was set at 200 ms. The subject was instructed to push, as quickly as he/she 
could an indicated button if there was a taste and do nothing if there was no 
taste. 

Replication
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FIG 4. Mean response times in ms and SEM for the 8 replications (averaged over subjects, 
stimuli and congruency-condition) in experiment 2.
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All nine prime-target combinations were presented eight times, leading to a 
total of 72 trials. 

Results

As can be seen in Fig. 4, we observed a general decrease in response time as 
reflected in the grand mean during the first two replications (F(7,84)= 3.279, 
p=0.004). This clearly is a learning effect associated with the procedure, and 
we decided to discard these two replications from further analyses. 

As can be seen in Fig. 5A, detection of a tastant that is preceded by a con-
gruent prime is faster than detection of a tastant that is preceded by an incon-
gruent prime (F(2,24) = 8.787, p = 0.001, prep = 0.726, ε2 = .423). Fig. 5A 
shows that there is hardly a difference between detection times after a neutral 
or a negative prime (post-hoc pairwise comparison, Bonferonni corrected: p 
= 1.000), but between neutral and positive primes (post-hoc p = 0.006), and 
negative and positive primes (post-hoc p = 0.008).  Fig. 5A also shows that 
this effect is most prominent in caffeine, as supported by an interaction effect 
(F(2,24) = 5.842, p = 0.009, prep = 0.953, ε2 = .327). Whether or not a prime 
is congruent does not lead to a higher detection accuracy  as compared to in-
congruent primes (fig 5B). 
The mean pleasantness and intensity ratings at the beginning and end of the 
session are shown in Figure 6A and B. We observed no difference between the 
pleasantness ratings before and after the experimental trials. However, there 
was a small, but significant difference between the intensity ratings before and 
after the experimental trials (F(1,12)= 5.021, p=0.045).

FIG 5. Mean response times in ms (A) and proportion of correct detections (B) and SEM 
for the two stimuli (averaged over subjects and replications) for the congruent prime-tar-
get combinations and incongruent prime-target combinations in experiment 1.
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FIG 6. Mean subjective intensity (A) and pleasantness (B) ratings and SEM for the three 
stimuli (averaged over subjects and replications) before and after testing in experiment 
2.

General discussion

Here we show that an incongruent prime preceding an unpleasant taste 
stimulus leads to longer response times as compared to a congruent stimulus. 
This is the first demonstration that an affective set can influence the processing 
speed of a taste stimulus. Since caffeine usually has a longer detection time than 
sucrose (Fig. 1) (Bonnet et al., 1999), we propose that incongruent and neutral 
primes speed up detection times for an aversive taste stimulus. The less plausible 
alternative explanation might be that a pleasant prime slows down detection.  

While writing this report, a just published fMRI study (Nitschke et al., 2006) 
came to our attention. Nitschke et al. (2006) showed effects equivalent to ours at 
the neural level. They showed that when a bitter stimulus (quinine hydrochloride) 
was preceded by an incongruent cue (“mildy aversive”) subjects rated the taste 
of this stimulus as more pleasant and showed less cortical activity in primary 
taste area as compared to the same stimulus preceded by a congruent cue 
(“highly aversive”). Although a behavioural equivalent of this effect was found 
for glucose, no differences in BOLD-response to tasting glucose were found when 
congruency of a preceding cue was manipulated. Thus their results agree with our 
results, not only for the incongruency effect for the bitter stimulus, but also for 
the absence of an effect for the sweet stimulus. Evidence suggests that the area 
important for detecting taste stimuli is the primary taste cortex (Small, Jones-
Gotman, Zatorre, Petrides, & Evans, 1997). Faster detection of a stimulus may 
be enabled by upregulation of the primary taste cortex. Therefore, we propose 
that an upregulation of primary taste cortex provides the neural correlate of our 
behavioural result of faster detection in expectancy of a potentially dangerous 
bitter stimulus.
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Abstract

The synergism (supra-additivity) between the umami substances MSG and 
IMP have predominantly been described in the literature as a subjective intensity 
effect. On the basis of independent ratings of intensity and pleasantness by the 
same subjects, we demonstrate that the MSG/IMP synergism in a dilluted bouillon 
base is primarily of hedonic nature. The results show that the subjective intensity 
ratings of the umami taste substances, although being a function of stimulus 
intensity, did not show significant synergism. In constrast, the pleasantness 
ratings of the mixtures did show synergism, suggesting that MSG/IMP synergism 
is primarily a form of pleasantness-enhancement. 
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Introduction

Taste substances such as mono sodium glutamate (MSG), inosine 5’-
monophosphate disodiumsalt (IMP), and guanosine 5’-monophosphate 
disodiumsalt (GMP) evoke a taste called ‘umami’ by the japanese. Umami is 
a savory taste (Ikeda, 2002) and is widely considered a basic taste quality, 
also often called “the fifth primary taste”. Umami-substances have a pleasant 
taste and, if added to food,  lead to increased liking of that food (Bellisle et al., 
1991; Okiyama & Beauchamp, 1998; Roininen, Lahteenmaki, & Tuorila, 1996). 
If MSG is mixed with either IMP or GMP, the mixture will show higher subjective 
intensity than can be expected on the basis of simple addition of the subjective 
intensities of the unmixed substances. (Yamaguchi, 1967; Rifkin & Bartoshuk, 
1980; Schiffman, Frey, Luboski, Foster, & Erickson, 1991; Yamaguchi, 1991). 
Mixture enhancement exceeding such addition is called synergism.

Synergistic interactions have been shown at the receptor level (Delay et al., 
2000; Chaudari et al. 2002) and in gustatory afferent nerve fibers (Hellekant 
& Ninomiya, 1991; Sako, Harada, & Yamamoto, 2000), suggesting a peripheral 
mechanism. A recent fMRI study with human subjects by de Arajou et al. 
(de Araujo, Kringelbach, Rolls, & Hobden, 2003) showed that supra-additive 
(synergistic) brain activity to MSG/IMP mixtures  can be found in the orbitofrontal 
cortex (often regarded as the secondary taste cortex), but not in the insular/
opercular area (regarded as the primary taste cortex). This study seems to have 
two implications: 1) Since synergism is observed in the orbitofrontal cortex 
only, but not in the insula/operculum where activity is highly correlated with 
afferent nerve activity, it seems that at least some central mechanism plays a 
role in the observed MSG/IMP synergy, and 2) as hedonic gustatory information 
is thought to be evaluated in the secondary taste cortex (Rolls, 2004), it may 
be that MSG/IMP synergy is a at least as much a matter of pleasantness as of 
subjective  intensity.

Subjective intensity and hedonic tone are related, producing a pleasantness 
change each time the stimulus intensity is altered. This may lead to confusion 
in subjects, who may not distinguish between pleasantness and intensity if 
not explicitly instructed to do so. Also, if subjects are not allowed to rate taste 
pleasantness, there may be a ‘halo’ effect (carryover or enhancement) of increased 
pleasantness on intensity, and/or subjects may ‘dump’ their pleasantness rating 
on the intensity rating scale (Clark & Lawless, 1994). 

The present study aimed at finding out if MSG/IMP synergism is observed 
in subjective intensity and/or pleasantness, when subjects are required to rate 
intensity and pleasantness strictly independently. So, we set up an experiment 
in which subjects rated pleasantness and subjective intensity of bouillons with 
added MSG, IMP, or the mixture of both at three different concentrations. MSG 
and IMP were mixed at a 75/25 ratio, which is known to show a large degree 
of synergy (Yamaguchi, 1967). To overcome the problem of “false” synergy 
due to non-linear psychophysical curves of the unmixed components (Rifkin 
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and Bartoshuk, 1980), we calculated a theoretical value under H0, assuming no 
synergy and based on the subjective intensities of the unmixed components.  
Subjects rate the MSG and IMP alone in the bouillon base at the same molar levels 
as the mixture of both. The theoretical value of H0 is calculated by adding 75% 
of the subjective intensity of MSG alone and 25% of subjective intensity of IMP 
alone. This reference level takes the non-linear character of the psychophysical 
functions of IMP and MSG into account (Frijters en De Graaf, 1987; Frank et al., 
1989; Lawless, 1998).

Materials and methods

Subjects

After screening for taste deficits and ability to rank,  fourteen subjects, one 
PhD student and thirteen undergraduates (mean age 22.5, 9 female, 5 male) 
were selected to participate. The subjects were not informed about the specific 
aim of the experiment, and received a monetary incentive for their participation. 
Subjects were asked to abstain from eating, drinking and smoking for one hour 
prior to the experiment.

Screening

Screening for taste deficits was carried out by evaluating performance on 
a basic taste test. In this test we offered subjects solutions of NaCl (20 mM), 
sucrose (16.8 mM), citric acid (5.2 mM), caffeine (2.6 mM), 9.5 mM MSG and 
demineralised water that were labelled salty, sweet, sour, bitter, umami and 
neutral respectively. Subsequently, the five solutions with tastants were offered 
twice in a randomised order in a sip-and-spit procedure, but now unlabelled, 
together with two cups of demineralised water. The subjects had to identify 9 
of these 12 solutions correctly. Comprehension of ranking and use of a 150 mm 
visual analogue line scale was tested by having subjects rank four solutions of 
MSG (0.45, 0.9, 1.9, and 3.8 mM) in a sip-and spit procedure. Subjects passed 
this test when their ratings formed a monotonic series.

Stimuli

Four concentration levels (0, 7.2, 14.4, and 28.8 mM) of L-monosodium 
glutamate (Fluka) and inosine 5’-monophosphate (Fluka) were added to a 
pulverised beef-bouillon base, which was diluted to four times its original volume 
with demineralised water (produced by a Millipore Milli-U10 water purification 
system, resistivity > 10 MΩ·cm). The bouillon as marketed contains no added 
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MSG, GMP or IMP, but contains 0.5% of proteins, which presumably contained 
some of these components. The stimuli were frozen and taken out of the freezer 
and placed into the refrigerator approximately 24 hours prior to the experiment. 
15 Minutes before the experiment, 5 ml of the bouillon was poured into medicine 
cups of 25 ml. The required temperature of ~ 50 º C was obtained by controlled 
heating in a microwave oven. 

Discrimination between intensity and pleasantness ratings

To make sure that our subjects were able to use the two different line scales 
and to ensure they understood the difference between the two, they rated 
pleasantness and intensity of a range of 7 different concentrations of sucrose 
(0.15, 0.30, 0.45, 0.60, 0.75, 0.90, and 1.05 M) after explicit instructions not 
to confuse perceived pleasantness and intensity. They were able to produce two 
distinct functions, one displayed the inverted U-shape typical for hedonic ratings 
and the other a monotonic intensity function. 

Design 

There were 10 different stimuli (3 MSG concentrations, 3 IMP concentrations, 
3 MSG/IMP concentrations and one base), which were offered twice per session, 
once while rating intensity, and once while rating pleasantness. The stimuli were 
presented 6 times, leading to a total of 120 stimuli per subject, which were 
offered in 6 sessions of about 15 minutes. Each subject participated in two 
sessions a day. Within each session the order of the stimuli was randomized. 
The interval between two sessions was two days at most. The order of the rating 
type, pleasantness or intensity, was counterbalanced over sessions.

Procedure

The subject rinsed his/her mouth thoroughly with demineralised water prior 
to the start of the experiment. The subject sipped each cup and swallowed the 
solution. Depending on session, subjects were instructed to rate either total 
intensity or pleasantness of the taste directly after swallowing on visual line scales 
that were labeled with the Dutch equivalent of ‘very weak’ or ‘very unpleasant’ 
at the left anchor and ‘very strong’ or ‘very pleasant’ at the right anchor. The 
subject timed the interstimulus interval him/herself, with the experimenter 
ensuring this was at least 60 seconds. Between trials the subject rinsed his/her 
mouth with demineralised water.
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Results

We tested the observed ratings of the mixtures against a theoretical value 
that we calculated from the weighted average of the unmixed component ratings 
(H0). The data were analysed in SPSS 12.0.1 with a within-subjects 2 (mixture: 
H0 or observed) x 3 (concentration: low, medium, or high) x 6 (replication: 
1-6) MANOVA with observed subjective intensity and pleasantness as the 
two dependent variables. As can be seen in figure 1 (left panel), there is an 
increase in subjective intensity ratings as the concentration increases (F(2,26) 
= 10,805; p = .000; observed power = .981). There is no effect of mixture on 
the subjective intensity ratings, i.e. intensity behaves as expected under the 
no-synergism assumption. Pleasantness ratings (see figure 1, right panel) of the 
mixture are higher than  the predicted under H0 (F(1,13) = 8.261; p = .013; 
observed power = .757).

Discussion

The aim of this study was to find out whether MSG/IMP synergism is observed 
in subjective intensity and/or pleasantness, when subjects are required to rate 
both independently. We observed that with increasing concentration of the 
umami taste substances in the bouillon subjective intensity ratings also increase, 
independently of whether the substances are in a mixture or not. In constrast, 
mixing the substances increased the pleasantness ratings, independently 
from concentration. This demonstrates that MSG/IMP synergism  is primarily 
pleasantness-enhancement.

This conclusion agrees with the observation of Schiffman et al. (Schiffman, 
Sattely-Miller, Zimmerman, Graham, & Erickson, 1994) that the detection 
threshold of MSG and IMP was not lowered in foods although the preference scores 
were significantly higher for the ‘MSG/IMP’ condition than for the ‘MSG alone’ 
condition. Our conclusion is also in line with the observation that a supra-additive 
brain response to a  MSG/ IMP mixture is found in the orbitofrontal cortex but not 
in the insula/operculum (de Araujo et al., 2003). Our results are not contradicted 
by animal studies; increased licking in response to MSG and IMP measures may 
be primarily a measure of increased liking rather than increased intensity (Delay 
et al., 2000). The increased palatability when umami substances are added to 
different types of food may be mediated by synergism between MSG and free 
amino acids in food (Fuke & Shimizu, 1993; Roininen et al., 1996).

On the basis of this result we cannot conclude that MSG/IMP synergism is 
a central mechanism, as the increased pleasantness may still be driven by 
increased receptor activity, although this peripheral activity may activate cortical 
pleasantness areas rather than intensity coding areas, a result suggesting a 
different neural circuitry  for each.

Also, it can not be entirely excluded that the stimuli we used might have had 



107MSG/IMP Pleasantness Synergy

M.G. Veldhuizen  Subjective Intensity and Pleasantness in Taste

C
on

ce
nt

ra
tio

n2
3

1
0

IM
P

M
SG

IM
P +

M
SG

IM
P

M
SG

M
SG

IM
P +

M
SG

IM
P +

M
SG

809010
0

Subjective Intensity

Pleasantness

70

Su
bj

ec
tiv

e 
in

te
ns

ity
 u

nd
er

 H
0 
of

 M
SG

/IM
P 

m
ix

tu
re

O
bs

er
ve

d 
su

bj
ec

tiv
e 

in
te

ns
ity

 o
f M

SG
/IM

P 
m

ix
tu

re

B
ou

ill
on

 b
as

e

C
on

ce
nt

ra
tio

n2
3

1
0

IM
P

M
SG

IM
P +

M
SG

IM
P

M
SG

M
SG

IM
P +

M
SG

IM
P +

M
SG

809010
0 70

Pl
ea

sa
nt

ne
ss

 u
nd

er
 H

0 
of

 M
SG

/IM
P 

m
ix

tu
re

O
bs

er
ve

d 
pl

ea
sa

nt
ne

ss
 o

f M
SG

/IM
P 

m
ix

tu
re

B
ou

ill
on

 b
as

e

IM
P

IM
P

M
ea

n
 i
n
te

n
si

ty
 (

le
ft

 p
an

el
) 

an
d
 p

le
as

an
tn

es
s 

(r
ig

h
t 

p
an

el
) 

ra
ti
n
g
s 

av
er

ag
ed

 o
ve

r 
re

p
lic

at
io

n
s 

an
d
 s

u
b
je

ct
s 

an
d
 s

ta
n
d
ar

d
 e

rr
o
r 

o
f 
th

e 
m

ea
n
. 



108

M.G. Veldhuizen  Subjective Intensity and Pleasantness in Taste

Chapter 7

a weak olfactory component. Although available studies do not find an olfactory 
component of MSG (Hettinger, Myers, & Frank, 1990), the existing odor of the 
bouillon stimuli may have been influenced by  the MSG/IMP interaction. 

In conclusion, the results of this study suggest that MSG/IMP synergism 
is primarily pleasantness-enhancement. This needs to be confirmed in future 
studies, but on the basis of the results presented here, we recommend that 
independent intensity and pleasantness ratings are used in studies on MSG/IMP 
synergism.
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Selective attention is associated with enhanced processing in modality-specific 
cortices. Here we show that actively probing a tasteless solution for a taste 
percept results in enhanced activity in gustatory cortex compared to passive 
perception of a tasteless solution, with activity in the intraparietal sulcus and 
anterior cingulate cortex positively predicting gustatory cortex activity. In addition 
to demonstrating attentional modulation of gustatory cortex, these findings 
highlight the multimodal nature of the spatial attention network.

Selective attention is a key process in perception thought to be achieved 
through neural modulation: up-regulation of activity in relevant and down-
regulation in irrelevant sensory cortical areas. To date no study has examined 
the effect of attention on neural encoding of taste. However, increased sensitivity 
for weak taste stimuli that were attended and decreased sensitivity for these 
same weak stimuli when they were unattended demonstrates the existence of 
selective attention in the gustatory modality1. If gustatory selective attention is 
mediated by similar mechanisms as selective attention in other modalities, this 
psychophysical finding suggests that attending to a gustatory stimulus should 
result in enhanced neural responses in the gustatory cortex. The goal of the 
current study is to test this prediction using fMRI.

The primary hypothesis tested in the current experiment is that attending 
to a sapid solution, whether or not it contains a taste, should enhance activity 
in the early cortical gustatory areas (insula/operculum)2,3 compared to passive 
sampling of the same sapid solution. The secondary hypothesis is that a network 
of structures critical for visual spatial attention4,5 including the intra parietal 
sulcus (IPS), superior parietal lobule (SPL), frontal eye fields (FEF), anterior and 
posterior cingulate gyrus (ACC/PCC) may be a generalized system governing all 
sensory selective attention, and will also be recruited during taste attention. If so, 
then effective connectivity analyses should reveal an influence of the nodes of this 
network upon gustatory cortex. In contrast, if gustatory attention is accomplished 
by a unique network then we reasoned that higher order chemosensory areas 
(i.e. orbitofrontal cortex) might support top-down modulation. 

To test our predictions we used fMRI to investigate the neural response to taste 
and tasteless solutions under different conditions (see Fig 1 and Supplementary 
Note for methodological details). In condition DETECT subjects heard the words 
“ detect liquid” and were required to probe a liquid for a taste percept and to 
press button A if it contained a taste and button B if it was tasteless. In a second 
condition PASSIVE/INFORMED, subjects received the same sapid solutions but 
were accurately informed about the identity of the stimulus they were about to 
receive (i.e. they heard “sweet”, “salty”, “sour” or “tasteless”). Subjects then 
made a random button response. A third condition, PASSIVE/UNINFORMED, 
was included to rule out effects related to uncertainty about the stimulus to be 
delivered. In this condition subjects were uninformed about stimulus identity and 
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heard the words “random liquid” and responded with random button presses. 

To determine the effect of probing a solution for a taste in the absence of a taste 
we constrasted DETECT-PASSIVE/INFORMED during receipt of tasteless solutions. 
This revealed activity in several areas (Supplementary Table 1), including peaks in 
the anterior insula  at -30, 30, 6 ; 33, 18, 9; and 48, 15, -3 (Fig 2a and 2b), and 
the fronto-parietal attention network (Fig 2a). A similar pattern of activation was 
observed when the contrast was performed for data collected during receipt of 
tasteless and taste solutions (see Supplementary Table 2). To identify whether this 
activity fell within gustatory cortex we build gustatory-specific functional masks 
from taste-tasteless to define our region of interest (ROI). This analysis revealed 
a peak in the right insula (33, 18, 9; Z = 3.39; puncorrected = .000) and two peaks 
in the left insula (-39, 9, 3; Z = 3.18; puncorrected = .001, and -39, 0, 6; Z = 3.13; 
puncorrected = .001) (Fig 2c). To exclude alternative explanations for the pattern of 
activity observed in the DETECT-PASSIVE/INFORMED tasteless contrast, such as 
task difficulty and tongue movement, we performed additional experiments and 
analyses (see Supplementary Analyses).  Psychophysiological interactions were 
then performed with the data from the DETECT-PASSIVE/INFORMED tasteless 
contrast to determine the relationship between activity in the spatial attention 
network and the gustatory insula (see Supplementary Note)6. Activity in the 
IPS and ACC correlated with activity in the insula in both hemispheres (IPS: 
30, 21, -9; Z = 3.59; Puncorrected = 0.000; and -30, 21, 0; Z = 2.79; Puncorrected = 
0.003; ACC: 42, 9, -3; Z = 3.53; Puncorrected = 0.000). These peaks overlap with 
the insular activity observed in DETECT-PASSIVE/INFORMED (Fig 2).

We then performed the contrast DETECT-PASSIVE/UNINFORMED. In this case, 
the uncertainty about the upcoming stimulus is held constant so that any resulting 
differential activity must be related to active probing of the liquid (i.e. top-down 
modulation by selective attention) rather than uncertainty or expectancy. This 
resulted in activity in the insula (-39, 0, 6; Z = 4.18; PFDR = 0.013), FEF (51, 0, 
51; Z = 4.12; PFDR = 0.037), and ACC (3,6,51; Z=4.09; PFDR = 0.037). These 
peaks overlap with the peaks from DETECT-PASSIVE/INFORMED. In addition, 
the contrast PASSIVE/UNINFORMED-PASSIVE/INFORMED did not result in insular 
activation even when the threshold was dropped to p<0.01, whereas the reverse 
contrast did isolate a small nonsignificant peak in the insula (-36, -6, -9; Z = 
2.42; Puncorrected = 0.008). These findings suggest that the insular response is more 
sensitive to attentional probing than expectation. This result may also be directly 
related to the hypothesized role of this region in human awareness7,8.

These data show top-down modulation of the insular gustatory region during 
selective attention to taste. Specifically, we show for the first time, that actively 
probing a tasteless solution for a taste quality activates the same region of insular 
cortex that responds to gustatory stimulation in this study. We also demonstrate 
that activity in the IPS and ACC correlates with the gustatory insular response. 
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This implies that activity in the canonical spatial attention network is involved in 
gustatory selective attention in early gustatory cortex. These findings highlight 
the multimodal nature of the spatial attention network and demonstrate that it 
is important for interpersonal as well as extrapersonal attending9. We propose 
that the neurophysiological mechanism identified here accounts for the enhanced 
detectability of gustatory stimuli during selective attention1. This proposal is also 
consistent with reports of increased gustatory detection thresholds following 
damage to the insular cortex10.

Finally, it is noteworthy that our finding may account for why contrasting 
taste-tasteless fails to result in activity in some neuroimaging studies3,11,12: the 
sensory effect is not of sufficient magnitude to be observed over and above the 
attentional effect. This possibility is in accordance with findings from single-
cell recording studies showing that only a small percentage of cells within the 
gustatory insula/operculum actually respond to taste13.
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Supplementary Table 1.
Coordinates and statistics (tastelessDETECT-tastelessPASSIVE/INFORMED)

Region x, y, z coordinates PFDR-values Z-values

Anterior cingulate cortex 6 24 33 0.007 5.06

-3 15 51 0.027 3.79

6 15 60 0.039 3.54

Intra parietal sulcus -51 -36 51 0.011 4.68

Posterior cingulate cortex 3 -27 30 0.011 4.59

Parietal/frontal operculum -60 -15 9 0.014 4.36

Superior/middle frontal gyrus -33 36 24 0.017 4.21

-39 39 12 0.040 3.50

-33 43 9 0.041 3.49

Anterior insula/frontal oper-
culum

-33 30 6 0.021 4.01

Superior/middle frontal gyrus 51 21 24 0.024 3.94

48 12 12 0.024 3.90

54 6 9 0.040 3.50

Superior frontal gyrus 15 12 66 0.025 3.85

Middle frontal gyrus 33 51 21 0.026 3.82

Superior frontal gyrus 24 -3 66 0.027 3.80

Substantia nigra 18 -15 -6 0.031 3.72

Middle frontal gyrus/frontal 
eye fields

45 3 51 0.032 3.69

Cerebellum -18 -54 -33 0.037 3.59

Medial frontal gyrus -15 48 12 0.037 3.59

Posterior temporal operculum 60 12 -9 0.041 3.47

T-map thresholded at PFDR = 0.05. Italics indicate that a peak falls under the same clus-
ter as the preceding peak
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Supplementary Table 2.
Coordinates and statistics (taste+tastelessDETECT-taste+tastelessPASSIVE/INFORMED)

Region x, y, z coordinates PFDR-values Z-values

Anterior cingulate cortex 3 27 21 0.011 5.00

3 21 33 0.017 4.41

9 36 33 0.044 3.47

Anterior insula 33 27 -6 0.002 4.81

45 21 9 0.004 4.28

36 18 6 0.009 3.56

-39 27 3 0.027 3.92

Posterior cingulate cortex -6 -30 30 0.018 4.29

-3 -30 30 0.019 4.25

3 -33 39 0.031 3.75

Intra parietal sulcus -51 -33 51 0.025 3.99

Superior temporal gyrus 57 9 -12 0.027 3.90

66 -18 3 0.028 3.87

-66 -24 6 0.037 3.66

-57 -30 9 0.038 3.61

Post central gyrus -42 -36 60 0.028 3.86

Middle frontal gyrus -33 36 24 0.028 3.85

-36 45 12 0.039 3.59

Cerebellum -21 -51 -30 0.031 3.78

Superior/middle frontal gyrus 51 24 27 0.040 3.58

Cerebellum 9 -45 -27 0.043 3.51

Pre central gyrus 54 15 9 0.045 3.44

T-map thresholded at PFDR = 0.05. Italics indicate that a peak falls under the same clus-
ter as the preceding peak



119Taste Selective Attention

M.G. Veldhuizen  Subjective Intensity and Pleasantness in Taste

Supplementary Note

Methods

Subjects

14 right-handed subjects (11 women, 3 men, mean age 26.21 ± 2.97 years 
with a mean Edinburgh Handedness inventory score of 891) gave informed consent 
approved by Yale University School of Medicine Human Investigation Committee. 
All subjects were of average height and weight and were screened on the basis 
of body mass index for obesity or malnutrition. All subjects reported having no 
known taste, smell, neurological, or psychiatric disorder. Three (of the original 
17) subjects were excluded because movements during scanning exceeded a 
predetermined limit of 1 cm of movement in any direction.

Training Session

All subjects participated in a screening and training session. Subjects were 
first presented with several variants of a tasteless solution (with similar ionic 
components of saliva) and were required to choose the one that ”tasted most 
like nothing”. Subjects then performed a mock run in our fMRI simulator. The 
simulator has the same dimensions as the fMRI headcoil and 3-T magnet bore. It 
consists of a padded table on which the subject lies supine, a removable wooden 
replica of the fMRI headcoil that is placed over the subjects’ head, and a plastic 
dome that is drawn over the headcoil and upper body to simulate the magnet 
bore. During mock and actual scanning the liquid stimuli were delivered using 
our custom-built gustometer and gustatory manifold (see supplementary Fig. 1a 
and 1b). The mock run served to familiarize the subjects with the procedure and 
identify subjects who found it uncomfortable to swallow in the supine position.

Materials

A stock tasteless solutions was created containing 2,5 mM sodium bicarbonate 
(Sigma, grade) and 25 mM potassium chloride2 as well as three weaker versions 
(at 25%, 50%, and 75% of the original concentration).The sweet solution 
consisted of 5.6 x 10-1 M sucrose (Sigma, grade), the salty solution of 1.8 x 
10-1 M sodium chloride (Sigma, grade), and the sour solution of 1.0 x 10-2 citric 
acid (Sigma, grade) dissolved in distilled water. Stimuli were all delivered as 
0.4 ml of solution over 4 s attached to the syringe pumps described above and 
controlled using Matlab.

Experimental design

A long-event-related design was used3,4 and is depicted in Fig. 1. There were 
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Figure 1
a.  The gustometer system. The gustometer system is a fully portable device that 

consists of a laptop computer that can control up to 11 independently programmable 
BS-8000 syringe pumps (Braintree Scientific, Brantree, MA) to deliver precise amounts 
of liquid stimulus to the supine S at precisely timed intervals and durations. The pumps, 
which infuse liquids at rates of 6- 15 mL/min, are controlled by programs written using 
Matlab 6.5.1 (MathWorks Inc., Sherborn, MA) and Cogent2000 v1.25 (Wellcome Depart-
ment of Cognitive neurology, London, UK). Each pump holds a 60 mL syringe connected 
to a 25-foot length of Tygon beverage tubing (Saint-Gobain Performance Plastics, Akron, 
OH) with an inside diameter of 3/32”. All tubing terminates into a specially designed Tef-
lon, fMRI-compatible gustatory manifold (supplementary Fig. 1b), which is anchored to 
the MRI headcoil and interfaces with the subject.

b. Gustatory manifold. The gustometer manifold (constructed in the Pierce Laboratory 
Electronics and Machine Shop) was designed to deliver up to eight taste solutions and 
one tasteless rinse. The stimulus inlets are arrayed around a center inlet through which 
the rinse liquid is delivered. All tastants and rinses pass through 1-mm channels that 
converge at a central point at the bottom of the manifold for delivery to the tongue tip. 
To prevent the Ss’ tongue from coming in contact with the 1mm holes, and to ensure the 
liquids flow directly onto the tongue, a 7-mm plastic sphere is positioned directly under 
the 1-mm holes. The Ss tongue rests up against the bottom surface of the sphere to re-
ceive the stimulus, which drips onto the sphere and rolls over its surface to the tongue.  
A fiber optic sensor attached to the inside wall of the manifold detects the arrival of the 
liquid. Tactile stimulation is held constant across all events (i.e. delivery of the different 
tastants and the tasteless solutions) by the use of the sphere.  Four vent holes on the bot-
tom of the manifold prevent the subject from drawing or sucking the stimulant through 
the manifold at uncontrolled times or rates. The gustometer manifold is mounted by rigid 
tubing onto an anchoring block that clamps onto the bars of the head coil. The anchor 
height and horizontal positions are adjustable via two knobs accessible to the subject and 
the experimenter to achieve the most comfortable position. The manifold is then locked 
in place for the duration of the scanning run.
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6 different events of interest: 1) DETECT taste, 2) DETECT tasteless, 3)PASSIVE/
UNINFORMED taste, 4) PASSIVE/UNINFORMED tasteless, 5) PASSIVE/INFORMED 
taste, and 6)  PASSIVE/INFORMED tasteless. Each run consisted of 18 events 
and each subject underwent 6 runs.

FMRI scanner

The images were acquired on a Siemens 3 T Trio magnetom scanner. Echoplanar 
imaging was used to measure the blood oxygenation-level dependent (BOLD) 
signal as an indication of cerebral brain activation. A susceptibility-weighted 
single-shot echoplanar method was used to image the regional distribution of 
the BOLD signal with TR, 2000 ms; TE, 20 ms; flip angle, 90°; FOV, 220 mm; 
matrix, 64 × 64; slice thickness, 3 mm; and acquisition of 40 contiguous slices. 
Slices were acquired in an interleaved mode to reduce the crosstalk of the slice 
selection pulse. At the beginning of each functional run, the MR signal was allowed 
to equilibrate over six scans for a total of 12 s, which were then excluded from 
analysis. The anatomical scan used a T1-weighted 3D FLASH sequence (TR/TE, 
2530/3.66 ms; flip angle, 20°; matrix, 256 × 256; 1 mm thick slices; FOV, 256; 
176 slices).

FMRI analysis and statistics

Data were analyzed on LINUX workstations under the Matlab Software 
(MathWorks, Inc., Sherborn, MA) using SPM2 (Wellcome Department of Cognitive 
Neurology, London, UK). Functional images were time acquisition corrected to 
the slice obtained at 50% of the TR. All functional images were then realigned 
to the scan immediately preceding or following the anatomical T1 image. After 
segmentation the images (anatomical and functional) were then normalized to 
the Montreal Neurological Institute template of grey matter, which approximates 
the anatomical space delineated by Talairach and Tournoux5. Functional images 
were smoothed with a 10 mm FWHM isotropic Gaussian kernel. For time-series 
analysis on all subjects, a high-pass filter (128) was included in the filtering matrix 
(according to convention in SPM2) in order to remove low-frequency noise and 
slow drifts in the signal, which could bias the estimates of the error. Condition-
specific effects at each voxel were estimated using the general linear model. The 
response to events was modeled by a canonical hemodynamic response function 
(HRF), consisting of a mixture of 2 functions that emulate the early peak at 5 s 
and the subsequent undershoot. The temporal derivative of the hemodynamic 
function was also included as part of the basis set to enable examination of 
differences in timing between various events6. We defined our event of interest 
as the 12.5 seconds after taste onset. The swallow and the rinse were modeled 
as events of no interest, except in the taste-tasteless contrast for the passive 
tasks, in which we included the first swallow in the event of interest.

Within-group comparisons were performed using random-effects models for all 
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comparisons in order to account for intersubject variability. Parameter estimate 
images from designated contrasts were entered into second-level analyses using 
one-sample Student’s t tests. SPM assigns significance t fields from all analyses 
using the theory of Gaussian random fields7,8. Regions of interest analyses were 
carried out for the orbitofrontal cortex and insula with the WFU-pickatlas tool 
available for use within SPM2. We also defined a gustatory-specific functional 
mask, build from the taste-tasteless activity from the two PASSIVE tasks in each 
individual. For the psychophysiologic interaction (PPI) analysis9, we extracted 
the deconvolved time-course from seed regions activity from the IPS, ACC, 
PCC, and FEF peaks reported in supplementary table 1 within a radius of 15 
mm for the subjects that showed the activity (11 for IPS, 13 for ACC, 9 for 
PCC, and 12 for FEF). We then calculated the product of this activation time-
course and the vector of the psychological variable of interest (DETECTtaste-
PASSIVE/INFORMEDtasteless) to create the psychophysiological interaction 
term. New SPMs were computed for each subject, including, as regressors, the 
interaction term, the physiological variable (seed region activation time course) 
and the psychological variable. Individual PPI SPMs were then entered into a 
random-effects group analysis thresholded at P < 0.005 (uncorrected) with a 
cluster size of  >3 voxels and an insular mask employed with WFU-pickatlas. 
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Supplementary Analyses

After conducting the original study we were concerned that differences in task 
difficulty or in tongue movement could provide alternative explanations for the 
differences observed in DETECT- PASSIVE/INFORMED. A supplemental analy-
sis with response time data and two control fMRI studies were therefore con-
ducted.

Task Difficulty

We reasoned that response times provide an indirect measure of task diffi-
culty; the longer a subject takes to respond, the more difficult the response 
is to generate. We therefore compared response times from each of the three 
tasks using a 3 (task: DETECT, PASSIVE/INFORMED or PASSIVE/UNINFORMED) 
x 2 (taste: taste or tasteless) within- subjects ANOVA as an indirect analysis 
of task difficulty. We found an effect of task on response times (F(2,26) = 
8.003; p = .002). However, post-hoc tests show no differences between DE-
TECT and PASSIVE/INFORMED or PASSIVE/UNINFORMED (p = .086 and p = 
.286 respectively). Rather the effect was attributable to differences between 
PASSIVE/INFORMED and PASSIVE/UNINFORMED (posthoc p = .004). However, 
an interaction between task and stimulus was present (F(2,26) = 13.441; p 
= .000) and post-hoc tests showed that this resulted from longer latencies in 
DETECTtasteless compared to PASSIVE/INFORMEDtasteless (p = .001). These 
analyses suggest that there may be a difference in task difficulty in DETECT-
PASSIVE/INFORMED when subjects receive tasteless but not when they receive 
a taste. Since the activation maps are very similar for the two comparisons but 
the difference in difficulty is only present for the tasteless comparison, we sug-
gest that difficulty is unlikely to account for the differential brain response to 
DETECT versus PASSIVE/INFORMED.  
For further confirmation that task difficulty was not contributing to the effect we 
turned to data collected in a complimentary study that is currently in prepara-
tion for submission for publication. In this experiment (n = 19) subjects per-
formed task DETECT, in addition to three other tasks. In one of the additional 
tasks the subject is asked to identify the taste quality (QUAL) (e.g. “is the liquid 
sweet, salty or sour?”). These tasks both involve taste evaluation, but response 
times are longer for QUAL than for DETECT, indicating that QUAL is likely a more 
difficult task. Comparing brain response to the two tasks (QUALtasteless-DE-
TECTtasteless) did not produce differential activation of the insula, even when 
thresholding at puncorrected = .005. Furthermore, we did a small volume search 
with a sphere of 15 mm radius using the coordinates of the peaks in supple-
mentary table 1 as centroids. We observed only one area of overlap. This was 
in the superior/middle frontal gyrus at 60, 21, 15 (Z = 2.6, not significant). 
These findings indicate that a difference in difficulty between DETECT and PAS-
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SIVE/INFORMED is unlikely to account for the differential neural activation ob-
served. 

Tongue movement

Although tongue movement was restricted throughout the experiment (due to 
the gustatory manifold, see Supplementary Figure 2) we reasoned that in task 
DETECT subjects may have moved their tongue more to explore the oral cavity 
for taste than in task PASSIVE/INFORMED. In an attempt to rule out the pos-
sibility that differences in tongue movements contributed to our insular activity 
we conducted a control experiment to isolate regions that respond to a condi-
tion in which subjects moved their tongues 10 times in 5 seconds versus a con-
dition in which they moved their tongues 5 times. 11 Subjects were scanned. 
In this experiment, subjects heard 10 tones in 5 seconds and received alter-
nating instructions to move their tongues from side to side after every second 
tone (TM5) or after every tone (TM10). Comparison of TM10 – TM5 produced  
bilateral activity in the primary sensorimotor cortex at 66, -3, 33 (Z = 3.37; 
puncorrected = .000), at 66, -12, 15 (Z = 3.07;  puncorrected = .001), and at -63, -18, 
42 (Z = 2.93; puncorrected = .002). Additional peaks were observed in the claus-
trum (-27, -6, 15; Z = 2.81; puncorrected = .002; did not overlap with peak from 
the anterior insula during a small volume search), and in the cerebellum (-15, 
-63, -18; Z = 2.75; puncorrected = .003), but no acitvity was found in the anterior 
insula. Furthermore, we did a small volume search with a sphere of 15 mm ra-
dius using the coordinates of the peaks in Supplementary Table 1 as centroids. 
We observed no areas of overlap. This experiment shows that a differences in 
tongue movement between DETECT and PASSIVE/INFORMED is unlikely to ac-
count for the differential response in the insula. 
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This thesis addresses the relationship between pleasantness and subjective 
intensity in taste perception. It is usually assumed that sensory pleasure as 
caused by a stimulus depends on subjective intensity. This assumption is also 
expressed in different ways in the following statements: 1) there is hierarchical 
neural coding of taste characteristics; 2) subjective intensity must be established 
before pleasantness; 3) awareness of subjective intensity information is 
necessary to make a pleasantness judgment; 4) subjective intensity influences 
pleasantness; and 5) pleasantness does not influence subjective intensity.

In chapter 1 the neural organization of the taste system is reviewed. We 
described how subjective intensity and pleasantness may be established in 
the gustatory system. It is suggested that in the brain these two aspects are 
processed in parallel, partially overlapping pathways. Results from different 
neurophysiological studies indicate that in the brain subjective intensity is 
probably coded before pleasantness. Lesion studies and brain imaging results 
implicate a complex interaction between intensity and pleasantness in the 
amygdala (for example, several studies show that the amygdala respond only 
to very intense pleasant or unpleasant stimuli (Winston, Gottfried, Kilner, & 
Dolan, 2005)). Characteristics of the relationship between these two aspects 
are also reviewed. The subjective intensity of a stimulus can be predicted rather 
straightforwardly from its concentration, but the relationship between stimulus 
properties and pleasantness is less direct. It seems that taste pleasantness can be 
fairly well predicted from subjective intensity if combined with taste quality, but 
a lot of other factors influence taste pleasantness as well, for example prevailing 
mood or previous experience, which may lead to substantial differences between 
subjects: a pleasurable stimulus for one person may be a neutral or bad stimulus 
to another person. Also, pleasantness may have its own intensity dimension. This 
means that the degree of pleasantness may be at least partially independent 
from subjective intensity proper, thus complicating the relationship between 
pleasantness and subjective intensity. Also, through a negativity bias in hedonic 
processing, i.e. a greater sensitivity for unpleasant stimuli, pleasantness may in 
turn influence subjective intensity. Because of the partially independent coding 
of pleasantness, full awareness of subjective intensity may not be necessary 
under all circumstances to react to pleasantness or even make a pleasantness 
judgment. This was shown by anencephalic neonates displaying proportional 
hedonic responses to taste stimuli know to be of different hedonic value to 
normal humans (Steiner, 1973). 

This thesis aimed at 1) applying research techniques to pleasantness that have 
traditionally been used to study subjective intensity in taste, and 2) applying 
these techniques in order to improve our understanding of the dependency 
between subjective intensity and pleasantness. 
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Dependency between subjective intensity and pleasantness

A negativity bias may compromise the independent manipulation of subjective 
intensity and pleasantness. Independent experimental manipulation of subjective 
intensity and hedonic tone is required if one wants to study their separate effects 
on brain activity and behavior. This is problematic because hedonic tone and 
subjective intensity are at least partially related, leading to a pleasantness change 
each time the stimulus intensity is varied. In chapter 2 a potential solution to 
this problem was explored by combining a pleasant taste substance (sucrose) 
and a bad-tasting substance (quinine sulfate) into a number of different iso-
intense mixtures. We showed that subjective intensity as well as pleasantness 
can be accurately predicted, only if one corrects for mixture suppression. Even 
though we were able to systematically manipulate pleasantness in the midrange 
of the binary mixtures, we were not able to do this completely independently 
of intensity. Due to the different characteristics of the positive and negative 
processes underlying the seemingly unitary overt dimension of pleasantness, 
complete experimental dissociation of intensity and pleasantness may not be 
possible in behavioral experiments. 

In chapter 6 we investigated affective priming in taste detection. Taste targets 
preceded by visually presented words containing pleasantness information, 
had to be detected as fast as possible. In the first experiment, with rather long 
prime presentation times of 1000 ms, we found that detection times of gustatory 
target stimuli are shortened if the pleasantness information in the prime is 
congruent with the hedonic tone of the taste stimulus (e.g. “good”-sucrose; 
“bad”-caffeine; “neutral” -demineralised water) as compared to incongruent 
prime-target combinations. In the second experiment with considerably shorter 
prime presentation times of 200 ms, this facilitation of detection by an affectively 
congruent context was replicated and even stronger. These results suggest that 
by a manipulation in pleasantness context, the relatively low-level taste detection 
process can be influenced. Possibly, pleasantness processing can also influence 
the experience of stimulus intensity, since detection and intensity perception 
are closely related. This study also implies that negative or positive valence may 
differentially influence taste detection under different time constraints. 

Pleasantness enhancement and synergism (supra-additivity) are characteristic 
of the umami taste, which is the typical taste of monosodium glutamate. Supra-
additivity has been demonstrated repeatedly in intensity ratings of umami taste 
in mixtures. In chapter 7 the investigation of taste supra-additivity is described 
with MSG/IMP mixtures in a diluted bouillon. Subjects rated bouillon intensity and 
pleasantness independently. The results show that the subjective intensity ratings 
of the umami taste substances, although being a function of stimulus intensity, 
did not show significant synergism. In contrast, the pleasantness ratings of the 
mixtures did show synergism, suggesting that MSG/IMP synergism is primarily 
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a form of pleasantness-enhancement. 

The results from these three studies combined indicate that pleasantness 
and intensity are not independent. In addition, they may not be manipulated 
independently. Therefore, we recommend independent collection of ratings 
of both aspect in taste studies. Only if this criterium is met, may results be 
interpreted correctly as was demonstrated in chapter 7. It was also shown in 
chapter 6 that pleasantness information can influence low-level taste processing. 
In future studies it may be investigated if taste pleasantness is able to influence 
intensity ratings, for example with unpleasant/pleasant taste primes and intensity 
evaluation response times. 

Subjective intensity and pleasantness response times 

  In chapters 3, 4 and 5 we investigated the temporal relationship between 
pleasantness and subjective intensity in taste, and we did this primarily in a 
top-down manner: by having subjects attend either to the pleasantness or the 
subjective intensity of a taste stimulus. The dependent measurement we focused 
on was response time. The relative speed with which either pleasantness or 
subjective intensity judgments can be accomplished may reflect processing 
differences between them. 

In chapter 3 subjects made forced-choice paired comparisons of orange 
lemonades with various concentrations of added quinine sulfate. Depending 
on experimental condition, the subjects had to focus either on intensity or on 
pleasantness and give their responses as fast as possible. The data showed shorter 
response times for intensity comparisons than for pleasantness comparisons. 
Cognitive processing requirements related to the more complex pleasure concept 
may be responsible for the larger part of this difference. 

In chapter 4, we investigated the change of hedonic value over time. 
Analogously to time-intensity scaling, we used a tracking method to scale the 
temporal variation of taste intensity and pleasantness. Subjects were instructed to 
focus on and continually rate either the subjective intensity or the pleasantness of 
three different concentrations of an orange lemonade stimulus. As was expected, 
the latency and the time to maximum of the intensity response were shorter 
than the latency and time to maximum of the hedonic response. An unexpected 
finding was that the intensity response lasted longer than the pleasantness 
response. This study shows that continuous measurement of taste pleasantness 
may be more informative than single-point measurement. The results suggest 
that processing of intensity and pleasantness aspects, although being initially 
sequential, may be simultaneous later on. We also observed that some subjects 
displayed the obligatory double hedonic peak over time, which is predicted by 
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Wundt-curve. This study also suggested implications for an application: in order 
to optimize taste pleasantness it may be helpful to reach peak pleasantness or 
peak intensity as fast as possible, since taste pleasantness is rated higher post-
peak than pre-peak.

The differences in judgment latency were replicated in a third study (chapter 
5), which also showed that subjects were able to switch faster from pleasantness 
judgments to intensity judgments than vice versa. This implicated a higher 
stimulus-response compatibility for subjective intensity than for pleasantness. 
The shift times showed differential sensitivity to changes in pleasantness and 
subjective intensity. The direction of these changes indicated that if concentration 
increases, the subject is able to detach his attention more easily from intensity 
and shift to pleasantness. Attention shifting between intensity and pleasantness 
provides a more sensitive tool for investigating the temporal relationship between 
subjective intensity and pleasantness in taste and the interaction with changes 
in stimulus concentration than latencies or response times. 

Chapter 3, 4, and 5 show that judging intensity is a stronger task, that is easier 
to perform, probably due to its underlying single dimension that corresponds 
strongly to stimulus concentration. Also, the coding of intensity at subsequently 
higher levels from the afferent nerves remains relatively similar. Pleasantness 
on the other hand is a multidimensional concept, with at least two underlying  
processes, a ‘goodness’ and a ‘badness’ dimension. This is also reflected in 
the coding of pleasantness in the brain with several hedonic systems working 
in parallel. As such, pleasantness is a less strong, more “fuzzy” concept, and 
for this reason it may take longer for the subject to assess taste pleasantness. 
Pleasantness is not strongly stimulus-bound and mainly a central event, which 
may explain the shorter duration of the pleasantness responses; once the 
pleasantness has been established it is not as strongly related to central the 
intensity code even if is already decaying as the intensity response is. Variation 
in concentration of the stimulus is reflected in the comparison response times in 
chapter 3, but not in the latencies in chapter 4 and 5. In the speed of the shift 
toward pleasantness the stimulus concentration is reflected: with increasing 
stimulus concentration the shift from intensity to pleasantness can be made 
faster. This seems to indicate that pleasantness becomes less fuzzy with 
increasing subjective intensity. This seems to agree with the already mentioned 
negativity bias. With increasing unpleasantness 1) pleasantness and subjective 
intensity become increasingly hard to distinguish; 2) increase more and more 
at the same pace; and 3) seem to become completely dependent. This also 
agrees with the result from chapter 7: for the highest stimulus concentration, 
the pleasantness and intensity ratings differ less and the synergism becomes 
less in both types of ratings. A similar mechanism may play a role in chapter 6. 
If the pleasantness agrees highly with the subjective intensity, and both become 
less easy to distinguish, for example in strong and unpleasant tastes, detection 
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speeds up because of a high congruency. This intensity-pleasantness correlation 
may even overrule the pleasantness-based congruency as, for example, in the 
stronger facilitation of the responses to caffeine as compared to the facilitation 
for sucrose. 

Selective attention and pleasantness

Selective attention is associated with enhanced processing in the modality-
specific cortex. In chapter 8, using fMRI, we showed that actively probing a 
tasteless solution for a taste percept results in enhanced activity in the gustatory 
cortex compared to passive perception of a tasteless solution, with activity in the 
intraparietal sulcus and anterior cingulate cortex positively predicting gustatory 
cortex activity. In addition to demonstrating attentional modulation of gustatory 
cortex activity, these findings highlight the multimodal nature of the spatial 
attention network. 

In chapter 5 and 6 we showed that taste processing may be facilitated 
through attentional mechanisms, if unpleasantness is high. In the future, further 
fMRI studies may be carried out to investigate how pleasantness interacts with 
attention in taste.

Scaling of subjective intensity and pleasantness

In some of the experiments described in this thesis, subjects rated subjective 
intensity and pleasantness on the same types of scales, even though subjective 
intensity is unipolar and pleasantness bipolar . Some of the differences in response 
times reported here, may simply be due to the different arrangement of the 
dimensions on the scales. However, in order to make direct comparisons, the 
use of the same type of scale is necessary, with the arrangements of the visual 
analogue scales being more or less obligatory since they reflect the differences 
in dimensions of the aspects. In future studies such scaling differences may 
be avoided by considering the use of separate scales for pleasantness and 
unpleasantness. This also makes sense considering the different characteristics 
of pleasantness and unpleasantness (Coombs and Avrunin, 1977; Cacioppo and 
Berntson, 1999). Such an approach may also allow separation of the possible 
effect of pleasantness and stimulus concentration (and its corresponding 
subjective intensity)  on the negativity bias. 

In this thesis, it is shown that psychophysical techniques that have been 
used to investigate subjective intensity may also be appropriate to investigate 
pleasantness. The use of response times for example confirmed expectations 
from neurophysiological studies about the sequential ordering of subjective 
intensity and pleasantness (chapter 3), but also improved our understanding of 
the temporal aspects of pleasantness processing (chapter 4). 
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Interaction with olfaction

In some of the studies reported in this thesis we used stimuli that exclusively 
activated the taste system only (chapter 2, 6, and 8). In the other studies, the 
stimuli we used had a real olfactory component in addition to the taste. Since 
taste perception is almost always accompanied by olfactory perception in daily 
life, and since the two systems are to a degree integrated, some of the results 
we report here cannot be regarded as reflecting the workings of the taste system 
only. For these studies we made the decision to use an ecologically valid stimulus 
in a life-like tasting situation.  

Pleasantness primacy in taste

In the perception literature, remarks about pleasantness primacy may 
be encountered, as well as investigations of the circumstances under which 
pleasantness may be established before intensity, for example in threatening, 
highly unpleasantness situations. In a way, there is a pleasantness primacy 
“myth” in the taste literature. As we showed in this thesis, intensity aspects 
are processed before pleasantness aspects. This is in line with models of the 
gustatory neuroaxis. However, we would like to argue that pleasantness under 
certain circumstances may be the more salient aspect of taste. There are 
three indications in this thesis to substantiate this: 1) in chapter 7 we showed 
that synergism in umami taste is primarily pleasantness enhancement and 
much less or no intensity enhancement, 2) in chapter 6 we showed that the 
relatively low-level taste detection process can be influenced by a contextual 
pleasantness manipulation; and 3) in chapter 5 we showed that attention can 
be shifted  faster to pleasantness in the case of very strong, unpleasant stimuli. 
A direction for future studies, including the use of fMRI, may be to investigate 
how pleasantness may drive several mechanisms, such as selective attention, 
in taste. In chapter 8 we demonstrated how this technique might be used to 
investigate taste attention.

We concluded that subjective intensity and pleasantness become dependent 
and less distinguishable when the unpleasantness and the subjective intensity 
of a taste stimulus increase. Highly unpleasant stimuli may be the most salient 
stimuli in taste, even more salient than highly intense stimuli. This makes sense 
from the viewpoint that taste perception serves as a gatekeeper. The different 
qualities in taste may exist to serve the balance in energy (sugars/sweet taste 
and amino acids/umami taste) and electrolytes (salts/salty taste), and to protect 
the organism against low pH (acids/sour taste) and toxic substances (bitter 
taste). Accordingly, these different qualities are characterized by different psycho-
hedonic functions, seem to be accompanied by intrinsic affective values and the 
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corresponding approach/avoidance behaviours.
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In dit proefschrift werd de relatie tussen subjectieve intensiteit en 
aangenaamheid in smaak onderzocht. Gewoonlijk wordt aangenomen dat de 
sensorische aangenaamheid van een stimulus afhankelijk is van de subjectieve 
intensiteit. Deze aanname wordt ook wel als volgt uitgedrukt: 1. De neurale 
codering van smaak is hiërarchisch. 2. Subjectieve intensiteit moet vastgesteld 
worden vóór aangenaamheid. 3. Bewustwording van subjectieve intensiteit 
is een noodzakelijke voorwaarde om aangenaamheid te kunnen beoordelen. 
4. Subjectieve aangenaamheid beïnvloedt intensiteit. 5. Aangenaamheid kan 
subjectieve intensiteit niet beïnvloeden. 

In hoofdstuk 1 wordt een overzicht van de neurale organisatie van het 
smaaksysteem gegeven. In de hersenen worden subjectieve intensiteit en 
aangenaamheid in parallelle en gedeeltelijk overlappende paden verwerkt. 
Hoogstwaarschijnlijk wordt subjectieve intensiteit vóór aangenaamheid 
gecodeerd. Verschillende studies tonen een interactie van aangenaamheid en 
intensiteit in bijvoorbeeld de amygdala aan, een verzameling structuren die 
voornamelijk reageren op sterke en onaangename smaken.
De subjectieve intensiteit van een smaak hangt sterk af van de concentratie 
van de stimulus. De relatie tussen stimulus en aangenaamheid is minder direct 
omdat er veel meer factoren van invloed zijn. Toch kan de aangenaamheid 
van een smaak in redelijke mate voorspeld worden wanneer men de 
concentratie en de kwaliteit (zoet, zout, zuur of bitter) van een smaak weet. 
Dit neemt niet weg dat er grote inter- en intra-individuele verschillen zijn in 
aangenaamheidsbeoordelingen. 
Mogelijk kent aangenaamheid een eigen intensiteitsdimensie, waardoor een 
gedeeltelijke onafhankelijkheid van de subjectieve intensiteit kan ontstaan. 
Een verhoogde gevoeligheid (negativity bias) voor onaangename stimuli kan 
mogelijk zelfs leiden tot een invloed van aangenaamheid op intensiteit. Er is 
ook aangetoond dat zonder bewustzijn een reactie op de aangenaamheid van 
een smaak mogelijk is, bijvoorbeeld bij pasgeborenen zonder hersenschors.

Het doel van het onderzoek in dit proefschrift was: 1. het toepassen van 
onderzoekstechnieken die voorheen voornamelijk gebruikt zijn in onderzoek 
naar intensiteit op de aangenaamheid van smaak, en 2. het toepassen van 
deze technieken om het begrip van de relatie tussen subjectieve intensiteit en 
aangenaamheid te vergroten.

Afhankelijkheid tussen subjectieve intensiteit en aangenaamheid

Om de effecten van subjectieve intensiteit en aangenaamheid los van elkaar 
te kunnen bestuderen is het noodzakelijk beide los van elkaar systematisch te 
kunnen variëren. Dit is problematisch, want aangenaamheid en intensiteit zijn in 
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ieder geval gedeeltelijk gerelateerd: een verandering in intensiteit leidt meestal 
tot een veranderde aangenaamheid. Ook een bias voor negatieve stimuli kan 
het onafhankelijk manipuleren van de subjectieve intensiteit en aangenaamheid 
verhinderen. In hoofdstuk 2 wordt een oplossing voor dit probleem onderzocht 
door een aangename en een onaangename smaak in verschillende proporties 
te mengen, maar gematched in intensiteit. Theoretisch zou dit moeten leiden 
tot een systematisch variërende aangenaamheid en een constante intensiteit. 
Aangetoond werd dat zowel de subjectieve intensiteit als de aangenaamheid 
correct voorspeld kunnen worden, maar alleen als er gecorrigeerd wordt voor 
mengonderdrukking. In de mengsels waarin een van de componenten in veel 
grotere hoeveelheden aanwezig was dan de andere kon de aangenaamheid niet 
volledig onafhankelijk van de intensiteit gemanipuleerd worden. Dit ligt mogelijk 
aan de verschillende eigenschappen van aangenaamheid en onaangenaamheid, 
die een ogenschijnlijke unitaire dimensie vormen. 

In hoofdstuk 6 werd affectieve priming in smaakdetectie onderzocht. 
Smaakstimuli, die voorafgegaan werden door de visueel aangeboden woorden 
als ‘lekker’, ‘vies’ en ‘neutraal’ moesten zo snel mogelijk gedetecteerd worden. In 
twee experimenten toonden we aan dat dit sneller kan als de vooraf aangeboden 
informatie overeenkomt met de aangenaamheid van de smaak.  In het tweede 
experiment was dit priming effect slechts aanwezig voor onaangename smaken. 
In dit experiment gebruikten we een veel kortere periode tussen de twee stimuli 
dan in het eerste experiment. Dit duidt mogelijk op een differentiële invloed van 
aangenaamheid wanneer de tijdsdruk verschilt. Ook toont dit experiment aan 
dat een perceptueel proces van een relatief laag en vroeg niveau beïnvloed kan 
worden door een manipulatie in de aangenaamheidscontext. 

Toevoeging van mononatriumglutamaat (met de smaak umami of ‘hartig’) aan 
voedsel wordt gekenmerkt door een verhoging van de aangenaamheid van 
het voedsel en een supra-additieve intensiteit. In hoofdstuk 7 onderzoeken 
we dit fenomeen door proefpersonen de aangenaamheid en intensiteit 
van bouillon onafhankelijk te laten beoordelen op subjectieve intensiteit en 
aangenaamheid. De supra-additiviteit wordt voornamelijk gereflecteerd in de 
aangenaamheidsoordelen, terwijl de concentratie wordt gereflecteerd in de 
intensiteitsoordelen. 

De resultaten van deze drie hoofdstukken tonen aan dat aangenaamheid 
en intensiteit niet onafhankelijk van elkaar zijn. Bovendien kunnen ze niet 
eenvoudig onafhankelijk gemanipuleerd worden. In smaakonderzoek is het 
daarom aanbevolen om aangenaamheid en subjectieve intensiteit altijd beide 
onafhankelijk te laten beoordelen. Als aan deze aanbeveling is voldaan kunnen 
resultaten beter geïnterpreteerd worden, zoals aangetoond werd in hoofdstuk 
7. Ook werd aangetoond dat aangenaamheid low-level perceptuele processen 
als detectie kan beïnvloeden. Om meer te weten te komen over de relatie 
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tussen aangenaamheid en subjectieve intensiteit kan in toekomstig onderzoek 
onderzocht worden of smaak-primes intensiteitsoordelen kunnen versnellen. 

Responstijden van subjectieve intensiteit en aangenaamheid 

In hoofdstuk 3, 4 en 5 werd de temporele relatie tussen subjectieve intensiteit 
en aangenaamheid in smaak onderzocht. Dit werd vooral top-down gedaan: 
proefpersonen letten op en beoordeelden hetzij de intensiteit, hetzij de 
aangenaamheid van een smaak. De afhankelijke variabele in deze experimenten 
was telkens de reponstijd. De relatieve snelheid waarmee aangenaamheids- en 
intensiteitsoordelen gemaakt kunnen worden reflecteert mogelijk verschillen in 
de verwerking van beide aspecten in de hersenen.

In hoofdstuk 3 beoordeelden proefpersonen of een smaakstimulus 
sterker of aangenamer was dan een voorafgaande smaakstimulus. 
Responstijden voor intensiteitsvergelijkingen waren korter dan die voor 
aangenaamheidsvergelijkingen. De langere respons tijden voor aangenaamheid 
reflecteren waarschijnlijk de cognitieve processen die met dit complexere 
concept gepaard gaan. 

De aangenaamheid van een smaak varieert wanneer er tijd verstrijkt. Dit proces 
werd gemeten in hoofdstuk 4 door proefpersonen continu de aangenaamheid of 
de intensiteit van een sinaasappellimonade te laten beoordelen. Zoals verwacht 
was de tijd die nodig was om te beginnen met het beoordelen groter voor 
intensiteit dan voor aangenaamheid, net zoals de tijd die nodig is om het 
maximum van de beoordeling te bereiken. Een onvoorziene bevinding was de 
kortere duur van de aangenaamheidsrespons. Dit experiment toont aan dat het 
meten van aangenaamheid over de tijd informatief kan zijn. Tevens suggereert 
het dat er, naast seriële verwerking in het begin van het smaakpercept, later 
ook parallelle verwerking kan bestaan. Tenslotte suggereert dit experiment 
een interessante toepassingsmogelijkheid: om aangenaamheid van een smaak 
te optimaliseren is het van belang om het aangenaamheidsmaximum zo snel 
mogelijk te bereiken, aangezien de aangenaamheid ná de piek als hoger 
beoordeeld wordt dan vóór de piek. 

De snelheidsverschillen werden gerepliceerd in een derde studie (hoofdstuk 
5). Hierin werd aangetoond dat proefpersonen sneller kunnen wisselen tussen 
beoordelingen wanneer ze van aangenaamheid naar intensiteit gaan dan 
andersom. Dit wijst op een hogere compatibiliteit tussen stimulus en respons 
in het geval van de subjectieve intensiteit vergeleken met aangenaamheid. De 
wisseltijden zijn verschillend sensitief voor veranderingen in aangenaamheid en 
intensiteit. Als de concentratie van de stimulus toeneemt, kan een proefpersoon 
makkelijker zijn/haar aandacht losmaken van de intensiteit en richten op 
de aangenaamheid. Het wisselen van aandacht vormt een gevoelige maat 
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om de temporele relatie tussen subjectieve intensiteit en aangenaamheid te 
onderzoeken evenals de interactie van deze relatie met stimulusaspecten. 

Hoofdstuk 3, 4 en 5 laten zien dat het beoordelen van intensiteit een sterkere 
taak is, die eenvoudig uit te voeren is, waarschijnlijk door de enkelvoudige 
onderliggende dimensie die gerelateerd is aan de stimulus concentratie. 
Bovendien vindt de codering van intensiteit in de hersenen in steeds hogere 
lagen op een gelijke manier plaats. Aangenaamheid daarentegen, is een 
multi-dimensionaal concept, met ten minste twee onderliggende dimensies: 
aangenaamheid en onaangenaamheid. Dit kan ook teruggevonden worden in 
de hersenen: meerdere systemen dragen parallel bij aan het vormen van een 
aangenaamheidsoordeel. Daardoor is aangenaamheid een minder sterk, vager 
concept, waardoor het ook langer duurt om te beoordelen. Aangenaamheid is 
voornamelijk een centrale gebeurtenis, die weinig afhangt van de stimulus, 
wat de kortere duur van de aangenaamheidsrespons verklaart: zodra de 
aangenaamheid is vastgesteld, verandert dit niet zo snel meer. Variatie in de 
concentratie van de stimulus wordt gereflecteerd in reponstijden in hoofdstuk 
3, maar niet in hoofdstuk 4 en 5. De snelheid van wisselresponsen in de richting 
van aangenaamheid weerspiegelt de stimulusconcentratie: met toenemende 
concentratie gaat de wissel van intensiteit naar aangenaamheid sneller. Dit 
duidt mogelijk op een minder vaag aangenaamheidsconcept met toenemende 
subjectieve intensiteit. Deze suggestie komt overeen met de negativity bias. Met 
toenemende onaangenaamheid worden de aangenaamheid en intensiteit van 
een smaak steeds minder goed te onderscheiden, ze gaan steeds meer gelijk 
op en lijken volledig afhankelijk te worden. Dit komt overeen met resultaten 
uit hoofdstuk 7: bij de hoogste concentratie verschillen de intensiteits- en 
aangenaamheidsoordelen steeds minder en wordt de supra-additiviteit steeds 
kleiner. Een soortgelijk mechanisme kan ook een rol spelen in hoofdstuk 6. Als 
de aangenaamheid sterk overeenkomt met de subjectieve intensiteit worden 
beide aspecten steeds slechter te onderscheiden (bijvoorbeeld in het geval van 
sterke en onaangename smaken) en wordt de detectie steeds sneller door een 
hogere congruentie. De hogere correlatie tussen intensiteit en aangenaamheid 
in sterke onaangename smaken kan zelfs de aangenaamheidscongruentie 
overstemmen, zoals in het geval van de sterkere facilitatie voor cafeïne 
vergeleken met sucrose in hoofdstuk 6.

Selectieve aandacht en aangenaamheid.

Selectieve aandacht wordt geassocieerd met sterkere verwerking in 
modaliteitspecifieke hersengebieden. In hoofdstuk 8 werd met fMRI aangetoond 
dat wanneer een proefpersoon actief op zoek is naar een smaak in een 
smaakloze oplossing, een verhoogde activiteit in de primaire smaakcortex 
waargenomen kan worden. Activiteit in gebieden als de intra-pariëtale sulcus 
en de anterieure cingulate cortex voorspellen deze activiteit. Dit toont aan dat 
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aandacht activiteit in de primaire smaakcortex moduleert en dat het spatiële 
attentienetwerk multimodaal is. 
In hoofdstuk 5 en 6 lieten we zien dat smaakverwerking gefaciliteerd kan worden 
door aandachtsmechanismen als de smaak onaangenaam is. In toekomstig 
onderzoek kunnen fMRI-studies worden uitgevoerd om te onderzoeken hoe 
aangenaamheid interacteert met aandacht in smaakwaarneming.

Vooraanstaandheid van aangenaamheid in smaak

In de perceptieliteratuur wordt regelmatig opgemerkt dat aangenaamheid 
primair zou zijn in smaakwaarneming. In dit proefschrift werd aangetoond 
dat intensiteit vóór aangenaamheid verwerkt wordt. Dit komt overeen met 
modellen van smaakcodering in de hersenen. Toch wordt de aangenaamheid 
onder bepaalde omstandigheden het meest bepalende aspect van een 
smaak. Een aantal bevindingen in dit proefschrift ondersteunen dit: 1. in 
hoofdstuk 7 lieten we zien dat de supra-additiviteit van umami voornamelijk 
een aangenaamheidseffect is; 2. in hoofdstuk 6 toonden we aan dat detectie 
beïnvloed kan worden door aangenaamheidsinformatie; en 3. in hoofdstuk 5 
toonden we aan dat aandacht sneller op aangenaamheid gericht kan worden als 
de stimulus erg sterk en onaangenaam is. Toekomstig onderzoek, waaronder 
fMRI experimenten, kunnen gebruikt worden om te onderzoeken hoe 
aangenaamheid het verwerken van smaak en andere betrokken mechanismen, 
zoals selectieve aandacht beïnvloedt.

Er werd geconcludeerd dat aangenaamheid en subjectieve intensiteit afhankelijker 
en steeds minder onderscheidbaar worden wanneer onaangenaamheid en 
intensiteit stijgen. Sterke onaangename smaken vormen mogelijk de meest 
belangrijke categorie stimuli in de smaakwaarneming. Dit wordt inzichtelijk als 
het smaaksysteem wordt beschouwd als een poortwachter. De verschillende 
smaakkwaliteiten bestaan mogelijk om de balans in energie (suikers/zoete 
smaak) en mineralen (zouten, zoute smaak) te bewaken, en om het organisme 
te beschermen tegen lage pH (zuren, zure smaak) en giftige stoffen (bittere 
smaak). Overeenkomstig worden deze verschillende kwaliteiten gekarakteriseerd 
door verschillende psycho-hedonische functies en intrinsieke aangenaamheid 
die leiden tot corresponderend approach/avoidance-gedrag.
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