


STELLINGEN 

1. In mengsels die centrale mengonderdrukking vertonen spelen de waargenomen sensaties 
een grotere rol bij het tot stand komen van sensorische interacties dan de concentraties van 
de smaakstoffen die deze sensaties hebben opgewekt 

Dit proefschrift 

2. De smaaksterkte van een mengsel wordt bepaald door de combinatie van specifieke 
smaaksensaties die door het mengsel worden opgewekt en niet door de intensiteiten van de 
ongemengde componenten. 

Dit proefschrift 

3. De conclusie dat de gevoeligheid voor PTC-achtige verbindingen gerelateerd is aan de 
waargenomen intensiteit van chemisch niet aan PTC verwante stoffen is mogelijkerwijs 
een gevolg van het gebruik van een verkeerde statistische toets of een verkeerde 
classificatie-procedure. 

Dit proefschrift 

4. Afhankelijk van de aan de proefpersonen gegeven taaMnstructie, kunnen bepaalde 
mengsels een patroon van mengonderdrukking of van mengversterking vertonen. 

Frank. RA., van der Klaauw, NJ. en Schifferstein, H.NJ. Both perceptual and conceptual factors 
affect taste-odor and taste-taste interactions. Ongepubliceerd manuscript 

5. De constatering dat er bias is opgetreden bij het vaststellen van de numerieke waarde 
van een parameter is eerder het gevolg van het gebruik van een incompleet conceptueel 
schema dan van een gebrek inherent aan de meetmethode. 

6. Indien een therapie de mortaliteit ten gevolge van een bepaalde ziekte verlaagt, is dit op 
zich nog geen reden om over te gaan tot het toepassen van deze therapie. 

7. De kans op toekenning van een reisbeurs is omgekeerd evenredig met de hoeveelheid 
tijd die nodig is voor het formuleren van de aanvraag. 

8. Indien de NRG week-editie voor het buitenland in Nederland verkrijgbaar zou zijn, zou 
dit onder Nederlandse managers de meest gelezen krant zijn. 
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VOORWOORD 

Het proefschrift dat nu voor u ligt is het resultaat van vier jaar onderzoek, verricht bij de 
Sectie Sensorisch Onderzoek, Vakgroep Levensmiddelentechnologie, van de 
Landbouwuniversiteit te Wageningen. Het onderzoek is als het projekt "Sensorische 
Integratie in Smaakstoffenmengsels" (Nr. 560-262-032) gedurende de hele periode 
gesubsidieerd door de stichting PSYCHON van de Nederlandse Organisatie voor 
Wetenschappelijk Onderzoek (NWO). 

Degene die zonder meer het meest aan dit proefschrift heeft bijgedragen is mijn 
promotor, Jan Frijters. Hij is degene die mij de kans gegeven heeft om mij enkele jaren te 
verdiepen in het vakgebied der psychofysica. In talloze besprekingen heeft hij, met behulp 
van talrijke anecdotes, de relaties aangegeven tussen ons waarnemingsonderzoek en de 
andere gebieden van de psychologie, de filosofie, de statistiek en het dagelijkse leven. 
Daarnaast is zijn begeleiding van groot belang geweest bij het verbeteren van mijn 
wetenschappelijke schrijfstijl. Tevens kan ik op deze plek beamen dat zijn voorspelling is 
uitgekomen dat door middel van een handtekening onder een arbeidscontract mijn promotie 
een feit is. 

Vervolgens wil ik Liesbeth Hijwegen bedanken die de nodige oplossingen voor mij 
gemaakt heeft en de nodige bekertjes heeft gevuld. Daarnaast speelde zij van tijd tot tijd 
een cruciale rol bij het openhouden van communicatie-kanalen binnen en buiten onze 
sectie. 

Veel van het hier gepresenteerde onderzoek was nooit tot stand gekomen zonder de inzet 
en het enthousiasme van doctoraalstudenten en onderzoeksassistenten. Ik denk hierbij met 
name aan Marjon Theunissen, Hilda Smit, Joke de Vries en Céline Porcheron. De heb met 
hen allen met veel plezier samengewerkt. 

Tijdens mijn studiereis in de Verenigde Staten heeft het onderzoek van Bob Frank mij de 
beperkingen van mijn eigen onderzoek laten inzien. Ook zeer aangenaam waren de laatste 
maanden van mijn vier-jarig OIO-bestaan, toen ik samen met Nicolette van der Klaauw en 
Ralf Kleykers de grenzen van het mengselonderzoek heb verkend. 

Last but not least wil ik hier ook alle mensen bedanken die mijn persoonlijke leven een 
stuk verrijkt hebben tijdens deze periode. Een speciale plaats daarbij wordt ingenomen door 
Toine Hulshof, een vriend die tevens de rol van collega vervulde en mijn al dan niet 
gevraagde mening steeds erg heeft gewaardeerd. 

Natuurlijk kan een proefschrift als dit niet tot stand komen zonder financiële steun. Naast 
de stichting PSYCHON heeft de Suikerstichting Nederland de nodige bijdragen geleverd. 

Mijn reis naar de Verenigde Staten werd mede mogelijk gemaakt door de 
Landbouwuniversiteit en door beurzen van de stichting "Fonds Landbouw Export Bureau 
1916/1918" (LEB-Fonds) en de European Chemoreception Research Organization (ECRO). 

Rick Schifferstein 





ABSTRACT 

This dissertation focuses upon the interrelationships between physical and psychological 
variables involved in the human perception of mixtures of dissimilar tasting substances. 
Mixture interactions are complex, asymmetrical, and they can have a central or peripheral 
origin, depending on the nature of the mixture components. Two regularities only seem to 
hold for all pairs of dissimilar tasting substances in taste mixture research. First, dissimilar 
tasting components generally suppress each other's taste intensity. Second, the total taste 
intensity of a binary mixture is well predicted by the sum of the two specific taste 
intensities within the mixture percept. 

In addition to mixture interactions, differences in research methodology are addressed, 
which appear to affect the outcomes of taste interaction research. 





Chapter 1 

GENERAL INTRODUCTION 

This chapter starts out with a brief introduction into taste mixture research. First, mixture 
interactions between similar tasting substances at threshold and supra-threshold level are 
discussed. Second, various aspects of mixtures of dissimilar tasting substances are 
discussed: intensity changes, quality changes, and the locus of the mixture suppression 
mechanism. Subsequently, the factors affecting the complexity of the mixture percept are 
discussed and are linked to the results of multidimensional scaling studies on complex taste 
stimuli. 

In the second part of the chapter, the conceptual framework and the scaling procedures 
used in this dissertation are discussed. The last part of the chapter focuses upon the aim 
and structure of the dissertation. 
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A BRIEF INTRODUCTION INTO TASTE MIXTURE RESEARCH 

In assessing interactions between different tastants, two types of mixtures should be 
distinguished. In the first mixture type, all components used for mixture composition elicit 
similar taste qualities. If such a mixture is tasted, it leads to the formation of a 
homogeneous percept, consisting of only one taste sensation. In the second mixture type, 
dissimilar tasting substances are mixed, leading, in most cases, to the formation of a 
heterogeneous percept in which several taste qualities can be identified. 

The locus of the mechanism responsible for the interaction between two substances A 
and B may, in principle, reside anywhere in the pathway from aqueous solution to the overt 
behavior (response). The substances may react chemically, forming new compounds, or 
physicochemically, forming complex structures. Furthermore, they may interact 
biophysically in die periphery of the sensory system, on their way to the receptor or in 
competing for receptor sites (peri-receptor events, e.g. Birch, 1980; Lawless, 1982; Carr et 
ah, 1989). Li addition, they may interact at the level of the receptor cell, in the afferent 
nerve bundles, in the central nervous system or at the level of conscious experience, i.e. the 
percept (Kroeze, 1978, 1979; Lawless, 1979; De Graaf and Frijters, 1989). 

Mixtures of similar tasting substances 
In binary mixtures of similar tasting substances, both compounds contribute to the 

intensity of the sensation perceived, and interactions between substances can best be 
described by terms like hypo-addition, addition, and hyper-addition (Berglund et ah, 1976). 

Hahn and Ulbrich (1948) determined taste thresholds for many combinations of similar 
tasting substances. Two substances A and B were defined to behave additively if the 
threshold concentration for AB mixtures equalled p times the threshold concentration of A 
and 1-p times the threshold concentration of B [0<p<l]. For some 200 combinations of 
bitter, salty, sweet, and sour substances, the mixture components were found to behave 
additively. For such components, the concentrations in a mixture allowing detection are 
lower than the concentrations of the unmixed substances necessary to allow detection. 

Similar tasting substances are frequently found to cross- adapt (e.g. Lawless and Stevens, 
1983), implying that similar tasting substances are often mutually dependent at the level of 
the peripheral sensory system (Frijters and Oude Ophuis, 1983). One possible explanation 
for this dependency is that similar tasting components compete for the same set of 
receptors. In addition to shared receptor sites, the components may have additional binding 
mechanisms, which might account for the hyperaddition sometimes found (e.g. De Graaf 
and Frijters, 1986). The observed hyperaddition can also be described by a model stating 
that different numbers of molecules react with one receptor and/or by a model stating that 
different numbers of substance-receptor complexes compete for one transducer (Ennis, 
1989, 1991). 

Intensity changes in mixtures of dissimilar tasting substances 
In mixtures of dissimilar tasting substances, one component does not contribute to the 

intensity of the sensation elicited by the other component. The phenomenon that the 
intensities of the component sensations within and outside the mixture are equal is called 
independence. If the intensity in the mixture percept is higher than the intensity outside the 
mixture, this is called synergism or mixture enhancement. The converse is called 
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antagonism or mixture suppression (Berglund et al, 1976; Frijters, 1987). 
In the presence of 0.9 times the threshold concentration of substance A, the threshold 

concentration of a dissimilar tasting substance B is either equal to or lower than the 
threshold concentration for unmixed B (Hahn and Ulbrich, 1948). If a suprathreshold 
concentration of a dissimilar tasting component is added, threshold concentrations for HC1, 
NaCl, and sucrose increase (Heymans, 1899). In general, the presence of one component 
raises both the detection as well as the recognition threshold for the other component. 
However, adding quinineHCl at suprathreshold levels lowers the thresholds for tartaric acid, 
and adding tartaric acid lowers the thresholds for glucose (von Skramlik, 1962) . 

Fabian and Blum (1943) investigated the effect of sub-recognition threshold 
concentrations of one substance upon the intensity of a suprathreshold concentration of a 
dissimilar tasting substance using a matching procedure. NaCl was found to reduce the 
sourness of acids, but to increase the sweetness of sugars. Acids mostly enhance the 
saltiness of NaCl. The sweetness of sugars, however, is sometimes suppressed and 
sometimes enhanced. Sugars generally decrease the saltiness of NaCl and the sourness of 
acids. Kremer (1917) obtained matches and numerical intensity ratings of similar mixture 
types. He found that subthreshold concentrations of NaCl and HC1 enhance sucrose 
sweetness. QuinineHCl, however, was found to decrease sucrose sweetness. 

For weak sucrose/citric acid mixtures, Gregson and McCowen noted that the individual 
type of mixture interaction (suppression or enhancement) depends mainly upon the 
idiosyncratic type of response behavior. Kamen et al. (1961) found decrements in category 
ratings for some specific taste intensities when a second substance was added to a solution 
(e.g. caffeine bitterness ratings decreased when sucrose was added), but increments for 
other substance combinations (caffeine and citric acid). Pangborn (I960), however, reported 
that sucrose, NaCl, caffeine, and citric acid all mutually suppress each other's taste 
intensity. The only exception to this rule is NaCl, which appears to enhance the sweetness 
of sucrose at low concentration levels. According to Kroeze (1982b), the degree of mixture 
suppression or taste enhancement is related to the intensity of side tastes of the unmixed 
components. For example, if NaCl elicits a sweet taste, a NaCl/sucrose mixture may be 
sweeter than the unmixed sucrose, due to the sweetness of NaCl. 

Another notable feature of mixtures of dissimilar tasting substances is that the total taste 
intensity of the mixture is lower than the sum of the total taste intensities elicited by the 
unmixed components (Pfaffmann et al, 1971). 

Qualitative changes in mixtures of dissimilar tasting substances 
At threshold level, mixtures of dissimilar tasting substances may elicit sensations that are 

not typically associated with the substances in the mixture. For example, Gregson (1966b) 
noted that a sucrose/NaCl mixture was often called 'acidic'. This is not surprising, given 
the fact that NaCl may be judged as sweet, sour, salty, or bitter near threshold level 
(Bartoshuk et al, 1964). 

For two dissimilar tasting substances A and B that are mixed in successively different 
intensity ratios, Hambloch and Ptischel (1928) described five stages in the evolution of the 
perceptual experience. Beginning with a mixture where the quality elicited by substance A 
has a high intensity, whilst the concentration of B is low, the quality elicited by B is totally 
suppressed. This can be the case even though the concentration of B is readily perceptible 
when presented unmixed. When, subsequently, the concentration of A is decreased whilst 
that of B is increased, the quality of B may not yet be recognizable but the presence of B 
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changes the character of the mixture percept. The mixture percept seems to remain 
homogeneous in this second range. However, the mixture can be discriminated from a 
solution of unmixed A on the basis of taste quality. In the third stage, both components can 
be discriminated and can be attended to. After a further decrease of the AIB ratio, the 
quality elicited by A is no longer recognizable, but the quality of the mixture differs from 
that of a solution of unmixed B. Finally, in the fifth stage, the taste of A is fully suppressed 
by the presence of substance B. The extensions of the five stages discussed above depend 
upon the two substances that are investigated (Hambloch and Puschel, 1928). The 
description of changing mixing ratios between substances A and B clearly shows that 
intensity and quality are two attributes that are heavily interdependent, and that both 
attributes depend upon both solute concentrations. 

The locus of mixture suppression 
Dissimilar tasting substances virtually do not cross-adapt, implying that they do not share 

common receptor sites (McBurney and Bartoshuk, 1973). According to Kroeze (1978, 
1979), mixture suppression and adaptation are two separate phenomena to be accounted for 
by different processes. Kroeze showed that adaptation and mixture suppression have 
different locations in the taste system and, also, that mixture suppression is more centrally 
located than adaptation. The fact that adaptation and mixture suppression are separate 
phenomena does not imply that they do not affect each other. For example, adaptation to 
one of a mixture's components has been shown to release the intensity elicited by the other 
component from suppression (e.g. Lawless, 1979; Gillan, 1982). This phenomenon has been 
called 'suppression release'. Release from mixture suppression has also been demonstrated 
after blocking the perception of sweetness using Gymnema sylvestre (e.g. Lawless, 1979) 
and after habituation to one of the mixture's component sensations (Kroeze, 1982a, 1983), 

Since there are no structural elements of the neural part of the taste system that connect 
the two sides of the tongue before the thalamic level (Norgren and Leonard, 1973), Kroeze 
and Bartoshuk (1985) carried out a split-tongue experiment to gain information about the 
locus of mixture suppression. These authors argued that the decrease in bitterness intensity 
has a central origin in quinineHCl/sucrose mixtures, but results from both central and 
peripheral mechanisms in quinineHCl/NaCl mixtures. 

The complexity of the mixture percept 
In studying the perception of mixtures of tastants, it is important to know whether the 

sensations elicited by a mixture of two dissimilar tasting substances are perceived 
separately (analysis), or whether they are combined into one new mixture sensation 
(synthesis). If the taste sensations synthesize into a new, homogeneous sensation 1^ , it is 
impossible to scale the specific taste intensities of the component sensations within the 
mixture percept OP^ and *Ppj), since no separate sensations can be distinguished within a 
homogeneous percept. The controversy between those who argue that the taste modality 
functions analytically and those who state that it is a synthetic sense goes back to the 
nineteenth century (Ohrwall, 1891; Kiesow, 1894). More recently, McBurney and 
colleagues (e.g. McBurney, 1974; McBurney and Gent, 1979) have defended the analytical 
position, whilst Schiffman and Erickson (1971, 1980) have argued in favour of the 
synthetic view. 

A strictly analytical position does not seem to hold, since unmixed 'primary' stimuli are 
not consistently judged as singular (homogeneous percept) and mixtures are not 
consistently perceived as being 'more-than-one' (heterogeneous percept). No one-to-one 

10 



relationship exists between physical and perceptual complexity (Erickson and Covey, 1980; 
Erickson, 1982). The degree of complexity of a mixture percept varies with the number of 
physical components, and with the ratio and the absolute concentration levels of the 
physical components present (O'Mahony et al, 1983). These results are not only 
incompatible with a strictly analytic point of view, they also argue against a strictly 
synthetic point of view. A purely synthetic view implies that each combination of specific 
taste sensations produces a new, homogeneous sensation. The studies cited above, however, 
have shown that mixtures and unmixed substances may elicit heterogeneous percepts. 

The processes involved in mixture perception carry features of analysis and synthesis and 
cannot be identified with either one of these two types of processes (e.g. McBurney, 1986). 
In order to describe the processes involved in mixture perception and mixture judgment, a 
systematical analysis of all processes involved in the perception of complex stimuli is 
necessary. 

Through a top-down approach, the factors determining the heterogeneity of a mixture 
percept become apparent. According to Kubovy's (1981) Theory of Indispensable 
Attributes, the perceived numerosity (heterogeneity) of a discrete stimulus depends upon 
whether the stimulus elements vary on an indispensable attribute or not. Without 
(detectable) variation on such an indispensable attribute, the reported perceived numerosity 
deviates from the physical numerosity. Kubovy (1981) stated that spatial location and event 
time are indispensable attributes for die sense of vision. For audition, auditory frequency 
and event time are indispensable. In determining the indispensable attributes for the sense 
of taste, one attribute that can be postulated to be indispensable is, similar to the senses of 
audition and vision, event time. If two taste sensations are perceived one after the other, the 
subjects are likely to conclude that the overall percept consisted of two elements. Since 
time manifests itself through all of the senses (Marks, 1978, p.32) event time could be 
regarded as an indispensable attribute for every sense modality. 

A second indispensable attribute for the sense of taste, however, is harder to find. It 
could be suggested that taste quality is the second indispensable attribute for the sense of 
taste. However, the use of taste quality as an attribute leads to two new problems. First, 
taste quality has no corresponding entity in the physical world. Chemically entirely 
different substances may elicit similar taste sensations (e.g. sucrose and aspartame), whilst 
chemically more similar substances may elicit entirely different taste sensations (e.g. HC1 
and NaCl). Second, mixing two dissimilar tasting substances usually results in mixture 
interactions affecting the intensities and/or qualities elicited by both compounds. Therefore, 
the component sensations of a mixture percept deviate substantively from the sensations 
elicited by the unmixed components. 

Using a bottom-up approach, an attempt can be made to describe all processes involved 
in transforming a physical stimulus into an observable judgmental response. In such an 
attempt we can make use of Garner 's (1974) distinction between primary and secondary 
processes involved in the perception of complex stimuli. Primary processes are processes 
that occur under time constraints, whilst secondary processes require more processing time. 

Primary processes 
Primary processes lead to the formation of a mixture percept as perceived spontaneously 

under time constraints. According to Kuznicki and Ashbaugh (1979, 1982), subjects are 
incapable of selectively attending to one individual taste sensation in a mixture percept 
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