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Een dwaling w o r d t geen waarheid door veelvuld ig aanpr i jzen en 

evenmin w o r d t de waarheid een dwaling omdat niemand haar z ie t . 

M.K. Gandhi 
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STELLINGEN 

1. De zoetheidsinteneiteit van een tweewaardig suikermenaeel 
ligt tueeen de zoetheidsintensiteiten van de componenten, 
wanneer elk van de afzonderlijke componenten en het mengsel 
worden vergeleken bij eenzelfde molaire concentratie. 

2. De etelling dat kunetmatige zoetetof fen vele malen zoeter 
zijn dan euikere beruet op een onjuiste interpretat ie van het 
begrip zoetheid. 

3. De conclusie die in voorafgaande studies is getrokken, al zou 
er sprake zijn van eynergie in mengsels van zoets to f fsn, 
berust op een onjuiete vaststell ing van de smaakintsractie. 

(dit proefschri f t ) 

4. Gelijke molaire concentraties van glucose, sorbitol , mannitol 
en xyloss. alsmede gelijke molaire concentraties van alle 
mogelijke mengsels van deze s tof fen smaken even zoet. 

(dit proefschri f t ) 

5. Men kan kinderen niet afleren zoet lekker t e vinden door hen 
van zoetigheden t e onthouden. 

6. Pogingen om voedingsgedrag t e veranderen vanuit 
gezondheidekundige overwegingen hebben een grotere kans op 
succes indien de voorlichter er rekening mee houdt dat 
voedsel in eerete instantie smakelijk moet zijn. 

7. De grote beschikbaarheid van stat ist ischs sof twars pakketten 
is niet bevordelijk voor het etat ist isch inzicht. 

8. Hst beoefenen van wetenschap en het ambtenarenreglement 
verhouden zich als vuur s taat t o t watsr. 

9. Ds Europese éénwording zou er bij gebaat zijn als iedere 
Europeaan voor een bepaalde t i jd buiten Europa verbl i j f t . 

10. Met het huidige prijsnivsau is het openbaar vervoer niet meer 
openbaar. 

Proefschrift C. de Graaf 
Psychophysical Studies of Mixtures of Tastants 
Wageningsn, 19 januari 1988 
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THESIS, WAGENINGEN AGRICULTURAL UNIVERSITY, THE NETHERLANDS, 

JANUARI 19, 1988 

C de Graaf 

ABSTRACT 

The human perception of mixtures of taetants was studied with 

reference t o three central issues, i.e., 1) the paradigma of 

equiratio t as te substance mixtures, as an instrument t o manipulate 

the physical composition of tastant mixtures. This paradigma also 

enables the construction of psychophysical functions for tastant 

mixtures. 2) the way how the perceived intensity of a mixture is 

compared with the perceived t as te intensities of ths mixture's 

unmixed components, and 3) the psychometrical propert ies of the 

response scale. Major conclusions of the studies in this thesis 

are 1) the swsetneee inteneity of a binary sugar mixture lies 

between the eweetneee inteneities of i ts components, when each is 

tas ted alone and at the same to ta l molarity as the mixture, 2) 

application of a functional meaeurement approach in combination 

with a two stimulus procsdure yields an interval scale of 

perceived t as te intensity, and 3) the paradigma of equiratio 

t as te substance mixtures is a powerful instrument in the study of 

perceptual interaction phenomena in tastant mixtures. 
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1. SUBJECT MATTER AND PERSPECTIVE OF THE THESIS 

This thesis deals with the human perception of aqueous 

solutione of t as te substance mixtures. The psychophysical study 

of t as te substancs mixtures involves a comparison of perceptual 

at t r ibutes of a mixturs with the perceptual at t r ibutes of the 

mixture's components when tasted independently outside the 

mixture. This thesis is primarily concerned with one of these 

perceptual a t t r ibutes, perceived tas te intensity. 

The psychophysics of t as te substance mixtures is an 

scientific issue, which has been studied since the end of the 

nineteenth century. It has been studied from a var iety of 

perspect ives, and with various psychophysical msthods. In the 

f i r s t half of this century, t as te mixture phenomena were studied 

primarily with the help of indirect psychophysical scaling 

methods. In the second half of this century when a more advanced 

psychophysical methodology was developed direct psychophysical 

scaling methods were also applied for the study of t as te 

substance mixtures. 

The development of direct psychophysical scaling methods has 

lead t o the f i r s t a t tempts t o mode^ t as te mixture interactions. 

These models are primarily aimed at the prediction of the 

perceived tas te intensity of a mixture on the basis of the 

perceived tas te intensities of the unmixed components. However, 

These f i r s t attemps wsrs not succesful and Fr i j ters & Oude Ophuis 

(1983) showed that thess models were either internally 

inconsistent or lacked sufficient generality. In the same paper 

Fr i j ters & Oude Ophuis developed the "equiratio t as te mixture 

model". These authors showed that this model provided excellent 

predictions for sensory responsss to ths sweetness intensity of 

glucose-fructose mixtures. 

It appeared that the concept of equiratio t as te substance 

mixtures is a powerful tool in the study of t as te interaction 

phenomena. This concept plays a csntral role in this thesis. 

Assessing the t as te interaction in mixtures of t as te 



substances involves a comparison of the perceived t as te intensity 

of mixtures with the perceived tas te intensities of the mixture's 

componsnts when tas ted alons outside the mixture. Thie comparison 

must occur according to a particular rule. i.e.. i t must be 

specified how the t as ts intensity of a mixture is being 

compared to the tas te intensities of the unmixed components. 

There are a number of ways of carrying out this comparison and 

the description of the t as t s intsraction depends on which 

comparison rule is applied. 

Apart from the comparison rule used to asssss the tas te 

interaction in t as te substance mixture, there is anothsr issue 

that has t o be considsred. It appears that the psychometric 

propert ies of ths response scale have a drastic influence on the 

description of the t as te interaction. 

This thssis invsstigates the t as ts intsraction in t as te 

substancs mixtures whilst taking into account thrss central 

issues: 

1) the concept of equiratio tas te substance mixtures. 

2) the rule according to which ths tas te intensity of mixtures is 

comparsd with the t as ts intsnsities of ths unmixed componsnts. 

3) the psychometric propert ies of the response scats. 

2. STRUCTURE OF THE THESIS 

Most of the chapters in this thesis consists of matsrial 

which has been or will be published as papers in scientific 

journals. 

Chapter Two of this thesis is a review of the pre 1980 

l i terature on the perception of t as te substance mixtures. This 

chapter results in a dsscription of the s ta te of knowledge on the 

human perception of t as te substancs mixtures, as i t ex istsd at 

the end of the 1970's. 

Chapter Three is a study of a psychophysical invsstigation 

of Beidler's mixturs equation carried out with glucoss-fructoss 
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mixturss. In Chapter Four, the results of ssven published étudies 

on the sweetness intensity of binary sugar mixturss are 

reanalyzed, in order t o asssss the t as t s interaction in binary 

sugar mixtures according t o the equimolar comparieon rule. In 

Chapter Five, two recent theoretical developments are applied t o 

asssss the t as t s intsraction between glucoss and f ructoss. Thsss 

developmsnts are Anderson's theory of information integration 

(Anderson, 1981) and ths concept of equiratio t as t s substance 

mixtures devsloped by Fr i j ters & Oude Ophuis (1983). Chapter Six 

givss a gsneral outline of different comparison rules for 

asssssing ths t as t s interaction in mixtures of qualitatively 

similar tasting substances. These comparison rules are applied to 

the results of an sxperiment on sucrose-fructose mixtures. The 

psychophysical methodology applied in the experiments described 

in Chapters Five and Six, is further investigatsd in Chapter 

Seven. This chapter deals with issues concerning judgments of 

" rat ios" and "differencss" of psrcsived sweetneee intensity. 

Chapter Eight deals with concentrations of sucrose and NaCI 

which are equal in perceivsd t as ts intsnsity. This study can be 

considered as a pilot study fo r the study in Chapter Nine. The 

lat ter chapter presents and investigatss a concsptual framework 

for the examination of the interrelationships among the 

swsstnsss, saltiness and to ta l t as te intsnsity of sucrose. NaCI 

and sucrose/NaCI mixtures. Thess intsrrslationships ars 

invsstigatsd in an extsnsivs sxpsriment. 

The results of soms additional analysss on the rssul ts of 

ths various experimsnts and intsrrslationships among thsm ars 

givsn in Chaptsr Tsn. 

The thesis ends with a gsneral discussion (Chaptsr Elsvsn), 

an English and Dutch summary of each of the Chapters Ons to 

Eleven (Chapter Twelve and Thirteen). 
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1. INTRODUCTION 

Judged by t h e number o f r e cen t l y publ ished s t ud ies , i t seems 

t h a t t h e r e is increasing work being done on t a s t e m ix tu re 

phenomena. This r ev i va l o f i n t e r e s t in a long s tanding sc ien t i f i c 

issue has lead t o a r e c e n t eympoeium which f o c u s s d on t h e 

Percep t ion o f Complex M i x tu r ss o f Tas tes and Smells (Achs e t aJ.. 

1987). In r e c e n t y e a r s , i n v e s t i g a t o r s have appl ied more advanced 

methods , and have deve loped new p e r s p e c t i v e s on t he phenomena 

which occur when t w o t a s t e subs tances a r e mixed t o g s t h e r (e.g. , 

Cu r t i s , S tevens & Lawless, 1984; Frank & Archambo, 1986; F r i j t e r e 

& Oude Ophuie, 1983; K roeze , 1978, 1979; Lawless , 1979; Kuznicki 

& Ashbaugh. 1983; McBrids, 1986). 

The p r e s s n t r e s e a r c h on t a s t s m i x t u r s s has i t s r o o t s in t h s 

sa r l i s r l i t e r a t u r e on t a s t e m i x tu res , and c u r r a n t p a p e r s a r e 

o r i en ted t o w a r d s r s l a t i v e l y r e c e n t Anglo-American l i t e r a t u r e . The 

o lder l i t e r a t u r e howeve r , w r i t t e n mos t l y in Gsrman, i s I s ss 

f requent ly r e f e r r e d t o . The pu rpose o f t h i s r ev i ew is t o d iscuss 

the o ldsr l i t s r a t u r e on t a s t e subs tance m i x t u r ss . 

The p r e s e n t r e v i e w on t a s t e m ix tu res f o cuses on é tud ies in 

which t he human p e r c e p t i o n o f t a s t e subs tance m ix tu res was 

i n vss t i ga ted . I t deals w i th m ix tu res o f t a s t a n t s in aqusous 

so lut ions only. This r e v i e w will no t add ress pe rcep tua l phenomena 

occur r ing when t w o o r more stimuli a r s t empora r i l y o r spat ia l ly 

s e p a r a t e d . I t has some ovs r l ap w i th t w o r s c e n t r e v i e w s o f 

Bar toshuk (1978) and Bar toshuk & Gent (1985). which g a v s a mors 

gsnera l account o f t he h i s t o r y o f t a s t e r e s s a r c h . Mos t o f t he 

publ icat ions c i t e d below a r e ment ioned in The Ha rveys 

Bibl iography o f T a s t s (O'Mahony & Thompson, 1975). 

This r ev i ew is d iv ided in to t w o main p a r t s . In t h e f i r s t 

p a r t t he l i t e r a t u r e on t he t a s t s i n te rac t i on be tween 

qual i ta t ive ly similar t a s t i n g subs tances is d iscussed. The second 

p a r t deale w i th m i x tu res o f qual i ta t ive ly dissimilar t a s t i n g 

subs tances . This d iv is ion seems a p p r o p r i a t e eince t he 

psychophys ica l s t u d y o f m ix tu ree o f qua l i ta t ive ly dissimilar 
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tasting substances has been considered to be different from the 

psychophysical ressarch on mixtures composed of qualitatively 

similar tasting substances. The rsason for this diffsrence is 

obvious. In mixtures of qualitatively dissimilar tast ing 

eubstances, the t as te qualities of the individual tastants may 

rsmain idsntifiable in the mixture percept. Thie is not the case 

fo r mixtures of substances which havs a similar t a s t s quality. As 

will become clear in the courss of this review, identifiability 

of the original t as te qualities has various consequences for the 

issues to be addressed. 

The tsrminology that is used to dsscribe tas te interactions 

in mixtures is confusing. It appears that almost each author uses 

his own vocabulairy t o describe tas te interactions in mixtures. 

In order not t o disrupt the meaning and intention of each paper, 

we have maintained the original terminology ussd by each author. 

We also retained the original interpretation of the reeults of 

each paper. Thie does not neceesarily imply that we agree with 

the conclusions formulated, and i t is important t o note that 

these conclusions are not considered in the light of the present 

knowledge on taete mixtures. 

2. MIXTURES OF QUALITATIVELY SIMILAR TASTING SUBSTANCES 

The tas te interaction between two qualitatively similar 

tasting substances in mixtures seems t o be characterized 

primarily by the relationehip between the t as t s intensity of 

mixtures and the tas te inteneities of ths mixture'e constituent 

components when tas tsd alone. In order t o deecribe some kind of 

t as te interaction this relationship must be described according 

t o a particular rule. Usually the t as t s interaction is inferred 

by comparing the tae te intensity of the mixture with the sum of 

the inteneities of the mixtures components. The t as te inteneity 

of a mixture containing x mol/L of substancs A and a 

concentration of y_ mol/L of substance B, is compared t o the sum 

of the intensities t o x mol/L of A tas ted alone, and y_ mol/L of B 
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tasted alone. This comparison rule has been applied by all but 

two of the studies to be discussed. 

Most of the research on mixtures of qualitatively similar 

tasting substances has been carried out with sweet tasting 

substances. Some exceptions are one study carried out by 

Moskowitz (1974a), one study of Bartoshuk & Cleveland (1977), and 

an extensive repor t made by Hahn & Ulbrich (1948) on the 

thresholds of binary mixturss. which consisted of sal ty, sweet, 

sour, b i t te r , and alkaline taeting substances. The results of the 

work of Hahn & Ulbrich (1948) will be discussed in a separate 

paragraph. 

The f i r s t part of this discussion on mixtures of 

qualitatively similar tast ing substances will review studies, in 

which indirect ecaling methods were used fo r the determination of 

perceived tas te intsnsity. In most of these studies the 

subjective intensity of a concentration of a particular t as te 

eubstance is expressed in another concentration of a particular 

reference substance of equal perceived t as t s intensity. The 

second par t of this review will discuss studies using soms form 

of direct scaling to assess ths tas te intensity of mixtures and 

single substances. In direct scaling methods the taete intensity 

is expressed in numerical ratings. These numbsrs may be ratings 

on a catsgory seals (s.g., Schutz & Pilgrim, 1957), or ratings 

obtained by magnitude estimation (e.g., Stevens, 1969). 

2.1 Mixture research in the tradition of indirect scaling 

Taste interaction phenomena in mixtures containing 

qualitatively similar tast ing substances had not been studied 

before the 1920's. The f i r s t study concsrning this issue was 

probably an investigation of Paul (1921). He determined the 

eweetness intsnsity of dulcins. saccharine and dulcine/saccharine 

mixtures, and expressed the sweetness intensity of thsss 

substances and mixtures in equiswsst sucrose concentrations. Hs 

observed that the relative sweetness intensity of the mixtures 
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was equal to the sum of the intensities of the mixture's 

components. Although Paul (1921) found additivity, he concluded 

that in practice saccharine and dulcine potentiated each other. 

"Obwohl es sich also bei diesen Mischungen um eine additive 

Wirkung des SüBungsgrade des Dulcins und Saccharins handelt, wird 

in der Praxis doch eine Wirkung erzielt, die einer potenzierenden 

gleichkommt.". This conclusion is not without ambiguity, and 

seems to be of l i t t le help in adequately describing the t as ts 

interaction between saccharine and dulcine. When diecussing 

Paul's resul ts. Von Skramlik (1926) gave an explanation for 

Paul'a obeervatione, which is essentially a chemical one. He 

argued that the potentiating e f fect between eaccharine and 

dulcine wae the result of a chemical reaction between theee 

substances which caused them t o be more diesociatsd in the 

pressnce of each other than when dissolvsd alone. 

To investigate the generality of Paul's findings, 

Heiduschka e t al, (1925) investigated whether the sweet tasting 

amino acids glycine and alanine also showed addition when mixed. 

Heiduschka e t al, (1925) used one mixture only and expressed the 

eweetness intensity of glycine, alanine and that of the mixture 

in equisweet sucrose concentrations. It was observed that the 

sweetness intensity of the glycine-alanine mixture was less than 

the eum of the sweetness intensities of i t s componente. Glycine 

and alanine did not show addition when mixed. 

Dahlberg & Penczek (194-1) noted that mixtures of glucoee and 

eucrose were sweeter than might be expected by adding the 

intensities of i t s components. These authors explained what they 

called the supplemental action between glucose and sucrose and 

noted that "The sweetness of sucrose ie quickly perceived, 

promptly reaches a maximum intsnsity. and then decreases. The 

sweetness of dsxtrose stimulates the t as te sensory organs more 

slowly and reachee a maximum intensity later. Hence, the one 

sugar might be expected t o supplement the other. ". 

Cameron (194-5, 1947) determined the relative sweetness of 

binary mixtures of sucross-fructose. sucrose-glucoee, sucrose-
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lactose, glucose-galactose, glucose-lactose, sucross-glycins, 

sucrose-alanine, glucose-glycine, and glycine-alanine. In sugar 

mixtures, Cameron (1947) found that the inteneity of mixtures 

exceeded the sum of the intensitiss of i t s components, when the 

sweetness intensity was exprssssd in equieweet sucross 

concsntrations. When the eweetness intensity howsvsr, was 

sxprsssed in glucose equivalents, the mixture intsnsity was 

approximately equal t o ths sum of the intensitiss of i t s 

components. Apparently the result of the comparison of the 

swsstness intensity of a mixturs with the sum of ths sweetness 

intensities of ths mixturs's components depends on ths unit of 

sweetness intensity. The observation that two sugars show 

addition in terms of glucose equivalents but show enhancsment in 

terme of sucross squivalsnts can be explained by the non-linear 

relationship between equieweet concentrations of glucoss and 

sucrose. Cameron (1947) noted that the supplemental action 

between glucoss and sucross found by Dahlberg & Penczek (1941) 

also changed into addition when the sweetness intensity was 

expressed in glucoss Equivalents instead of sucrose squivalsnts. 

Cameron (1947) found that taete interaction in mixtures 

containing either glycine or alanine was different from the tas te 

intsraction observed in mixturss of sugars. Mixtures containing 

either glycine or alanine were less sweet than the sum of the 

intensities of i ts components, i r rsspsct ivs of whsthsr the 

eweetnees was expresssd in Equivalent sucrose concentrations or 

in equivalent glucose concentrations. This rssult was in lins 

with the obssrvation of Heiduschka s t aL (1925). 

Vincsnt e t aL (1955) concluded that "The 10:1 mixture of 

cyclamate sodium and saccharin sodium is swsstsr than would be 

expected from the sum of the sugar equivalents of i ts 

components.". 

In an exteneive study, Yamaguchi e t aj. (1970) asssssed the 

eweetnese intensitiee (expressed in equiswsst sucross 

concsntrations) of all binary mixture combinatione of eucroee, 

f ruc toss, glucoss, mannitol. sorbi tol , xyl i tol , xylose, 

cyclamats, and saccharine, and aleo of mixturee of each of the 
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tas tants . sucrose, glucose, cyclamate. saccharine with each of 

the eweet tasting amino acids glycine and DL-alanine. In addition 

the eweetness intensitiee of glycine-DL-alanine mixtures were 

determined. Yamaguchi e t aj, (1970) distinguished between six 

different types of mixture interactions of which three types were 

defined as additive. The other three were called the suppressing, 

the counteracting, and the synergistic e f fect . The results showed 

that in all mixtures, the sweeteners showed either additive or 

synergistic e f fec ts . 

2.2. Mixture research in the era of direct scaling 

Kamen (1958) determined the swsetness intensity of sucrose, 

cyclamate, and some sucrose/cyclamate mixtures. He expressed the 

perceived eweetness inteneity in the units of a category scale 

used earlier by Schutz & Pilgrim (1957). He investigated the 

tas te interaction somewhat differently from previous 

investigators. He s ta ted that " If we mix various proport ions of 

5 % and 10 % sucrose solutions, we will find that the perceived 

intensity of sweetness of the mixtures will lie between the 

perceived intensities of the original solutions. Specifically, 

the eubjective intensities of the mixturee should be 

approximately geometrically proportional t o the relative amounts 

of each of the original solutions that comprise the mixture. In 

thie caee. the e f fec ts of mixing the solutions are said t o be 

additive.". Kamen (1958) thus related the t as te interaction 

between two substances in a mixture t o the apparent taete 

interaction within the single substances themeelves. Kamen 

prepared sucrose and cyclamate solutions of approximately equally 

sweetness intensity. He also prepared two typee of mixtures, one 

type of mixtures containing 2/3 of the original sucrose 

concentrations and 1/3 of the original cyclamate concentrations, 

and another type of mixtures containing 1/3 of the original 

sucrose concentrations and 2/3 of the original cyclamate 

concentrations. According t o Kamen (1958), the results showed 



•13-

that sucrose and cyclamate behaved additively when mixed at low 

and high sweetness levels (corresponding t o the sweetness of 0.07 

and 1.08 M sucrose, respectively). At intermediate sweetness 

levels (corresponding t o the sweetness of 0.17 and 0.43 M 

sucrose, rsspectively) the sweetness intsnsity of the mixtures 

exceeded the sweetness intensities of the unmixed compounds. 

Psychophysical rssearch in the 19B0's was characterized by 

the development and application of Stevens' method of magnitude 

estimation (e.g., Marks, 1974; Stevens, 1956. 1975; Stevens & 

Galanter, 1957). This scaling approach also had i t s impact on the 

methodology of psychophysical t as ts mixture research. 

Magnitude estimation was applied t o tas te mixtures by Stone 

& Oliver (1969) who investigated binary mixtures consisting of 

some combinations of eucrose, f ructose, glucose, saccharine, 

cyclamate, glycine, and DL-alanine. These authors observed that 

combinations of sucrose-fructose, sucrose-glucose, glucose-

fructose, glucose-cyclamate, glucose-saccharine behaved 

synergistically when mixed i.e. the intensity of the mixture 

exceeded the intensities of the mixture's constituent components 

when tasted independently. Mixtures of glucose and glycine or DL-

alanine behaved suppressive^. In another study Stone, Oliver & 

Kloehn (1969) observed that the tas te interaction between glucose 

and f ructose was independent of temperature or pH. 

In view of the results of the studies discussed above i t is 

not surprising, that Pfaffmann e t aj.. (1971) summarized the 

results of the earlier studies with the conclusion that in 

mixtures of two qualitatively similar tast ing substances, the 

intensity of the mixture ie equal t o or greater than the sum of 

the intsnsities of i t s components. This conclusion was said t o 

hold fo r all mixtures investigated until that year with a 

relativly few exceptions of mixturss containing either DL-alanine 

or glycine. 

Psychophysical t as te mixturs ressarch in the 1970's was 

characterized by the f i r s t at tempts t o explain and model t a s t s 

interactions in binary mixtures. Moskowitz (1973. 1974a, 1974b) 
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developed two models on tas te interaction which Fr i j ters & Oude 

Ophuis (1983) later called the 'addition' model and the 

'substitution' model. 

In the addition model, i t was assumed that the perceived 

tas te intensities of two compounds are added together when the 

two compounds are mixed. Since Moskowitz assumed that Stevens' 

power law ie a proper description of the relationship between 

concentration and intensity of a particular tastant ths addition 

model reads: 

Rabü = ka(Cai)*»n + kb(Cbi)**m. (1) 

where Rabu repreeent the response t o a mixture of concentration 

i. of substance A (= Cai), and concentration l of substance B (= 

Cbi). The parameters kB. n, kb. m. are the constants and 

exponents of the psychophysical power functions of substance A 

and substance B respectively. 

In the second model the intensities rather than the 

concentrations were added. Moskowitz (1974b) summarizes the basis 

of this model as follows: "The sensory system adds together the 

concentrations of the mixture components, t r ea ts the sum as a 

higher concentration of the reference chemical, and then 

transforms that concentration into subjective magnitude according 

t o an intensity function appropriate f o r the reference 

chemical.". If substance A is the reference chemical this model 

reads. 

Rabü = kB[Cai + (kbCbi**n/ka)**(1/m)]**m, (2) 

and if substance B is the reference chemical the substitution 

model reads: 

Rabü = kbCCbi + (kaCai**m/kb)**(1/n)]*»n (3) 

Moskowitz (1973, 1974b) tes ted these models for several 
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mixtures of sweeteners, i.e. mixtures of glucose with f ructose, 

Na-cyclamate, Na-saccharine, and saccharine, and mixtures of 

either glucose or f ructoss with each of the substances xyloss, 

arabinose. eorbitol, glycerol, galactose, lactose, sucroee, and 

maltose. Moskowitz (1974b) concluded: "Both models systematically 

underpredicted mixture sweetness, suggesting synergistic e f fec ts 

that extend beyond simple additivity.". 

A few years later Moskowitz & Dubose (1977) applied a 

slightly adjusted version of the addition model t o mixtures of 

f ructose, glucose, and sucrose, with aspartams. It was concluded 

that except for the mixtures of f ructose and aspartame, the 

mixtures showed simple additivity of sweetness. 

Moskowitz (1974a) applied the same models t o mixtures of 

acids. The models f i t t ed be t ter for acids than for sweeteners 

although some acid mixturee also showed synergism. 

About the same time as Moskowitz developed his tas te 

mixture models, Berglund e t a].. (1973) developed a model for the 

prediction of the odour intensity of mixturee of odourante. This 

modsl can be easily applied to mixtures of taetants. The mixture 

model of Berglund e t a[. (1973) t r ea ts the taete intensity of the 

mixture's componentB ae vectors in a subjectivs space. The angle 

between the two vectors is supposed t o represent the degree of 

qualitative dissimilarity between substance A and B. The vector 

addition model reads: 

RabU = (Rai**2 + Rt>i**2 + 2RaiRbiCOS00*»0.5. (4) 

where RabU. represents the reeponse t o the mixture. RBi 

represents the response t o concentration j. of substance A 

(outside the mixture, and represented ae a vector in a subjective 

space). Rbi represents the response t o concentration j . of 

eubetance B and at represents the angle between the vector of A 

and the vector of B. In the case of two qualitatively similar 

tasting substances the value of a is 0 and the cosine of a 

becomes equal t o 1. so that the vector addition model simplifies 
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t o RabU = Rat + Rbi. This model has one serious limitation in 

that it cannot predict that the mixture intensity exceeds the sum 

of the intensities of its components. As this phenomenon has been 

frequently observed by several authors ths vector addition model 

can have only a limited value in describing taste interactions in 

mixtures which have a similar taste quality. 

A mors thorough and theoretical treatment of the models of 

Moskowitz (1973), Bsrglund et al, (1973). hae been made by 

Frijters & Oude Ophuis (1983). 

A few years after the models of Moskowitz were developed and 

tssted. Bartoehuk & Cleveland (1977) introduced a new approach to 

the study of taste mixture interactions. These authors argued 

that the observed taete mixture interaction (suppression, 

addition or synergism) could be predicted from the shapes of the 

peychophysical functions of the mixture's constituent components 

tasted ssparately from the mixture. The reasoning bshind this new 

approach etarted with the notion that the simplest example of 

mixing two substancss is adding a substance to itself. The 

apparent taete interaction of a particular substance with itself 

according to Bartoshuk & Cleveland (1977) is a conssqusnce of the 

shape of the psychophysical function of that substance. When 

succsssive incremente in concentration produce smaller increments 

in taste intensity, the psychophysical function is said to bs 

comprsssivs. In the case of a substancs which has a compressivs 

psychophysical function a mixture of a subetance with itself must 

have a tasts intsnsity which is lees than the sum of the 

intensities of the "mixture's" components outside ths mixturs, 

i.e. "the mixture" shows "suppression". Similarly in the case of 

an expanding psychophysical function ths "mixture" would show 

"synergism". This line of reaeoning hae been extented to "real" 

mixtures. 

Bartoshuk & Cleveland (1977) tested their model in an 

experiment. They determined the psychophysical functions of four 

acids, four swssteners, and four bittsr tasting substances. Each 

of the peychophyeical functions was constructed on the baeis of 
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responses to four concentrations, of which the lowest 

concentration of each of the four substances had an about equal 

perceived tas te intensity. The other stimuli of the unmixed 

substancBS contained two, three and four timee the lowest 

concentration. The lowest concentrations of each substancs were 

used to construct the six possible binary mixtures» the four 

possible ter t ia i ry mixtures, and the one possible quarternary 

mixtures. This implies that the geometric mean of the to ta l 

concentrations of the six binary mixtures is equal t o the 

geometric mean of the one to lowest concentrations of each of ths 

four unmixsd stimulus typee. Similarly the geometric mean of the 

total concentrations of the four three component mixturee is 

equal t o the geometric mean of the one to highest concentrations 

of the four unmixed stimuli. By determining and averaging the 

reeponees t o each of the one-, two- , th ree- , and four- component 

"mixtures" Bartoshuk & Cleveland (1977) were able t o construct a 

kind of psychophysical "mixture" function. This function rs lated 

the number of mixture componente t o the mean of the reeponeee t o 

the four t ypes, the 1 - , 2-, 3- , and 4— componsnt, mixturee. The 

results showed that the shape of the function relating the number 

of the components in the mixture t o the mean of the responsss of 

the mixtures was similar to the (compressed) psychophysical 

functions of ths mixture's constituente. Thie conclusion held for 

the sweeteners, the acide, and the b i t ter tasting eubetances. The 

experiment with the sweeteners was replicated with another 

stimulus delivery procedure which changed the psychophysical 

functions of the singls sweeteners from compression t o expansion. 

Theee results showed that the same change occurred with the ehape 

of the function relating the number of mixture components and the 

reeponeee t o theee mixtures. 

The theory and results of Bartoshuk & Cleveland (1977) 

explained many of the observations made in previous studies and 

suggssted that the shapes of the psychophysical functions of 

single substances play an important role in observatione 

regarding the tas te interactions between two tastants in a 
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mixture. Most psychophysical functions obtainsd in the earlier 

studies (e.g., Moskowitz, 1973, 1974b; Stone & Oliver, 1969) were 

expanding. The resul ts of Bartoshuk & Clevsland (1977) explained 

why these authors found "synsrgism" in mixtures. 

2.3. Tresholds of mixtures of two qualitatively similar tasting 
substances: the studies of Hahn & Ulbrich (1948). 

The experiments of Hahn and colleagues are probably the most 

extensive experiments carried out in the history of t as te 

research. According t o Hahn and Ulbrich (1948) they determined 

approximately 15.000 thresholds for 108 different tastants using 

43 subjects. 

Hahn and Ulbrich (1948) determined the t as te thresholds of 

a large number of combinations of binary mixtures of sal ty, 

sweet, sour, b i t te r , and alkaly tasting substances. Thsse authors 

defined the t as te intsraction bstween two tastants as follows: 

Supposs that substance A has a threshold concentration of i mol/L 

(=Cai), and subetance B has a threehold concentration of j mol/L 

(=Cbi). Following Hahn & Ulbrich (1948), two substances show 

addition if the threshold concentration of a particular mixture 

contains p_ times j . mol/L of A, and g (= 1 - g) times j . mol/L of B 

(0 < p. < 1). For instance, if the threshold concsntration of A is 

i. mol/L. and the threshold concentration of B is j . mol/L, and the 

threshold concentration of a particular mixture contains 1/2 [ 

mol/L A, and 1/2 i mol/L of B (or 9/10 j. mol/L A. and 1/10 i 

mol/L B). then A and B are supposed t o behave additively. If the 

threshold concentration of a particular mixture is less than can 

be expected on the basis of addition, two substances potentiate 

each other, and if the threshold concentration of a particular 

mixture is higher than can be expected on the basis of addition, 

two substances suppress each other. Figure 1 gives a graphical 

display of the categories suppression, addition, and potentation. 

The additivity-line. i.e. the line connecting the point Cai on 

the x-axis and the point Cbi on ths y-axis. is identical t o an 
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concentration of substance B ( M 

concentration substance A (M) 

Fig. 1. Definition of the t a s t e interaction between two 
qualitatively similar tasting susbstances at threshold l eve l s , 
according to Hahn & Ulbrich (1948). The concentration Caj. is 
the threshold l eve l of substance A, concentration Cbi is the 
threshold of substance B. If the threshold of a binary mixture 
of A an B is on the line connecting Caj. and Cbi, addition 
occurs . If the threshold mixture concentration l ies above the 
Une suppression o ccurs , and if the mixture threshold l ies 
below the line A and B potentiate each other. 

equation derived from Beidler^s mixture model (Beidler. 1962, 

1971; De Graaf & Fr i j ters , 1986). It can be described by the 

following mathematical expression. 

CajCbj. 

X + Y = 

ePbi + gCaj. 

(5) 

The sum of X and Y represents the total concentration of the 

mixture. X represents the concentration of substance A and Y 

rspresents the concentration of substance B. In the original 

dsrivation. Cat and Cbi re fe r t o those concentrations of 

substance A and substance B that give r ise t o an equal perceived 

t as ts intensity, and (X + Y) is the predicted mixture 

concentration of the same perceived t as te intensity as the 

intensities elicited by Cai. and Cbi- In the present context these 
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fïgures re fer t o threshold concentrations. 

Beidler formulated the mixture equation to describe the 

peripheral interaction between the molecules of two t as te 

substances competing for adsorption at the same recsptor s i tes. 

The meaning of the term "addition" used by Hahn & Ulbrich (1948) 

suggests that the compounds in a mixture act indspendently. This 

idea does not concur with the concept of competition introduced 

by Beidler (1971), because mutual competition implies mutual 

suppression of act ivi ty. At threshold levels however, there will 

be virtually no competition between the molecules of two tastants 

so that i t seems that there is complete indepedence at these levels. 

The results of Hahn & Ulbrich (1948) suggest that equation 5 

applies for a total of soms 200 combinations of sal ty, sweet, 

b i t ter and sour tasting substances. These combinations are given 

in Table 1. 

Table 1. Combinations of qualitatively similar tasting 
substances , which show addition at threshold l eve l when 
mixed, according to Hahn & Ulbrich (1948) i.e. they concur 
with the prediction of equation 5 , and lie on the additivity 
line shown in Figure 1. 

Salt : NaCl- NaBr, NaCl- NaF, NaCl- NaN03 , NaCl- NaC02CH3. NaCl-
Na2S04, NaCl- Na2C03. NaCl- Na3PCH, all mixtures with NaCl 
and the 24 corresponding K, Li, and NfU sa l ts , all 32 
mixtures of CaCl2 with the a fore mentioned Na, K, Li. and 
NH4 s a l ts , NaCl- CaBr2, NaCl- Ca(N03)2. NaCl- CaS04 , NaCl-
BaCl2. and NaCl- Ba(C02CH3)2. 

Sweet: all 45 possible binary combinations of the swee teners 
sucrose , g lucose , galactose, dulcine, glycerin, glykokoll, 
nitrobenzol, phloroglucin, resorc ine , and saccharine. 

Bitter: all 45 possible binary combinations of the b i t ter tasting 
substances atropine-HCl, quinine-SCU, ca f fe ine , KJ, MgSCH, 
morphine-HCl, picrinic acid, s trychnine-HN03 , ureum, and a 
tannic acid of unkown composition. Altogether 62 out the 100 
possible combinations of ureum, quinine-HCl, KJ, and MgSCU, 
with each of 25 b i t ter tasting anorganic salts . 

Sour: binary combinations of acet ic-acid and HCl, with HCl, HBr, 
HJ, HN03 . H2SO4, formic acid, acet ic acid, chloracetic acid, 
trichlor acet ic acid, B-J-propionic acid, lactic acid, 
benzoic acid, salicylic acid, glycocholic acid, amber acid, 
tartaric acid, malic acid, and citric acid. 
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3. MIXTURES OF QUALITATIVELY DISSIMILAR TASTING SUBSTANCES 

This section s t a r t s with a discussion on the tas te quality 

of mixtures with dissimilar tasting substances. It continues with 

a review of the l i terature on the tas te intensity of mixtures 

with dissimilar tasting substances. 

3.1 The quality of mixtures of Qualitatively dissimilar 
tasting substances 

This discussion will focus on the t as te quality of mixtures 

of sweet, sour, b i t te r , and salty t as te substances. The basic 

issues concerning the t as te quality of mixtures with dissimilar 

tasting substances are the relationships between the t as te 

quality of a particular mixture and the t as t s qualities of the 

single compounds constituting the mixture. 

One of the basic issues was already resolved in the middle 

of the nineteenth century. In a doctoral dissertation concerning 

the localization of the taete sense, Drielsma (1859) c i ted the 

work of Schirmer (1856) who carried out some expérimente on 

binary mixtures of sucrose, NaCI, acetic acid, and quinine-SO*. 

The results of Schirmsr's studies show that the individual t as ts 

qualitiss can bs identifisd when particular concentrations of 

dissimilar tast ing substances are mixed. Particular sucrose/NaCI 

mixtures for exampls t as t s both sweet and salty. Other tas te 

investigators in the late nineteenth century (Kiesow, 1894, 1896; 

Oehrwall, 1891, 1901) and at the beginning of the twentieth 

century (Renqvist, 1919; Von Skramlik, 1926) have agreed with the 

observations of Schirmer. 

Another basic issue concerning the t as ts quality of mixtures 

of qualitatively dissimilar tasting substances is the question 

whether or not new tas te qualities emerge. The diecussion on this 

subject matter s ta r ted at the end of the nineteenth century and 

has continusd up t o the present day. 

In a f ierce debate Oehrwall (1891, 1901) and Kiesow (1894, 
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1896) discuseed the iseue of whether the tas te sense is analytic 

like the auditory sense or synthetic like the vieual sense (sse 

also the reviews of Bartoshuk (1978) and Bartoshuk & Gsnt 

(1985)). One important subject in thie discussion was the 

question of the nature of the tas te quality of mixturss of 

dissimilar tast ing substancss. 

Oshrwall (1891) took the position that ths t as te senee is 

analytic and ons of his main arguments in favour of this position 

was that in mixturss of two qualitatively dissimilar 

tasting substances no new tas te qualities smsrge. Oshrwall 

(1891. p. 15-16) noted that "Pie einfachen Geschmackssmpfindungen 

lassen sich auch nicht wis dis Farben zu neuen Empfindungen 

miechen. welche man nicht in ihre einfachen Bestandtei le 

zerlegen kann Wie man auch mische, es entsteht nie ein 

neuer Geschmack, und noch weniger kam man etwas erhalten, dae 

dem Weiss entsprächs - das so zu sagen Qualität entbehrte. ". 

Kieeow (1896) disagreed with Oehrwall and held the view that 

ths t ae ts sense is synthstic like the vieual senss. Ons of his 

arguments was that ths tae ts qualities of t as t s substances in a 

mixture may compensate each other i.e. the two t as ts qualitiss of 

a mixturs interact in euch a way that their individual identities 

are lost. For a few of all participating subjects, Kissow (1896) 

found that a nsw t as t s quality émergée when low concentrations of 

sucrosB and NaCI are mixed. According t o Kieeow (1896. p. 266) 

"Pis Empfindung ist nicht glsich Null, sis Entspricht auch nicht 

völlig derjenigen dee destil l irten Wassers, sondern ist von so 

eigenartig neuer Qualität, daee sie unwissentlich schwer 

dsfinirbar und eben in der angegebenen Weiss am geeignetstsn zu 

bezeichnen ist...". He called this tas te quality "fade". Although 

he was not abls t o reproducs compensation of t as te qualities in 

mixtures with another composition. Kiesow held the view that this 

phenomenon could occur in mixtures contaning sweet-sal ty, swss t -

sour and salty-sour tast ing substances. He thought that 

compensation could not occur in mixturss containing a b i t ter 

component. 
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Oehrwall (1901, p. 256) discounted the experimental 

evidence of Kiesow (1896) and noted "Durch seinen Vereuch. 

nachzuweisen, dass Contrast und Compsnsationsphänomene zwischen 

den verschiedenen Geschmacksarten trotzdem wirklich vorhanden 

sind, hat Kiesow gemeint, einen leichten Sieg zu gewinnen und 

mich mit meinen eigenen Waffen zu schlagen...". In a footnote 

Oehrwall (1901. p. 258-259) wrote "Was die Compensationsvereuchs 

anbelangt, so is t zu bemerken, dass ee Kiesow t r o t z aller 

Bemühungen nicht gelungen is t , eine Compeneation zwischen den 

anderen Geschmackearten zu zeigen, nur zwischen schwachen 

Empfindungen von SüB und Salzig; ••••Oaes eine zusammengeeetzte 

Geschmacksempfindung schwer zu analysiren sein kann, is t nichts 

Ueberraschsndes Eine Compensation aber wird durch diese 

Versuche nicht bewiesen....". Oehrwall re jected the idea that two 

tas te qualities in a mixture could compensate each other. 

Oehrwall (1901) however did not re jec t the idea, that 

qualitatively dieeimilar taeting substances show interaction when 

mixed. Oehrwall (1901) thought that interaction between t as te 

qualities in a mixturss was dus t o attention. 

Patrick (1899) (as cited by Kiesow, 1901) was one of the 

few investigators who agreed with Oehrwall and noted that no new 

t as ts qualities emerge when two dissimilar tasting substancss are 

mixed. Most investigators agreed with Kiesow (e.g. Henning. 1916; 

Von Tschermak. 1908). 

Renqvist (1919, p. 191-192) reproduced Kiesows finding for 

the tas te quality "fade" for mixtures of NaCI and K-Acetate, and 

mixtures of NaCI and HCl. In his book about the "lower" senses. 

Von Skramlik (1926, p. 4-53) noted that compensation ie frequently 

obssrvsd, "Durch Kompensation ergeben sich eehr o f t Geschmâcke. 

die als fade bezeichnet wurden..". Sjöström & Cairncroee (1953) 

constructed a quarternary mixture which according t o them had a 

"white t as te" . It contained 0.01 M eucrose, 0.002 M ci tr ic acid, 

0.014 M NaCI, and 0.0004 M quinine-S04- The f i r s t two eubstances 

had a concsntration equal t o their threeholds. The la t ter two 

substances had concsntrations which were two times their 
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threshold concentration levels. 

Henning (1916) who introduced the t as te tet raëder went even 

further than Kiesow in suggesting analogies with the synthetic 

visual sense. Henning (1916, p. 217-218) held the view that a new 

and homogeneous (unitary) tas te quality emerges when two 

dissimilar tasting substancss are mixed. According t o him it is a 

"psychological" e r ror t o assums that ths original t as te qualities 

stil l exiet. "Eine durch eine chemisch einfache Substanz 

ausgelöste einfache Geschmacksempfindung, die gemäß ihrer 

Stellung in der psychischen Qualitätenreihe mehrere Ähnlichkeiten 

aufweiet. z. B. zu süS und zu salzig, is t als sinnliches Erlebnis 

einheitlich und einfach; man bemerkt sinnlich ebensowenig einen 

Zuckergeschmack und davon getrennt einen Salzgeschmack, als man 

eine Orangefarbe einmal t i e f ro t , hernach hellgelb sieht. Liegt 

hingegen chemiech eine Mischung aus Kochsalz und Rohrzucker vor , 

so erlebe ich ein sinnlich einfaches und einheitliches 

Verschmelzungserlebnis, in dem eine SüBigkeit einheitlich in eine 

Salzigkeit einschattiert iet... Allein es is t ein psychologischer 

Irrtum, wenn man im Einheitserlebnis zwei nebeneinander stehende 

Komponenten annimmt. " 

Henning (1916) knew of several substances eliciting a tas te 

quality located between the edges of the tas te tetraëder. KJ and 

KBr fo r example elicit t as te ssnsations which lie in between 

salty and b i t ts r and Pb-Acetate between sweet and sour. Henning 

noted that the sensation elicited by a single substancs is 

qualitatively different from the t as te sensation elicited by a 

mixture of two substances (sse the citation in the previous 

paragraph). The tas te quality of Pb-Acetate solution cannot be 

equated by a mixture of sucrose and HCl for example. A few years 

latsr Von Skramlik (1922) demonstrated the contrary. Von Skramlik 

(1922) showed that the t as te of several anorganic ealts cannot be 

distinguished from the t as te of mixtures containing two or more 

of the substances sucrose, NaCI, quinine-HCI. and tar tar ic acid. 

Baryscheva (1926) suggestsd that the tas te of 20 common 

food products liks apples, pears, beer, coffee and tea can be 
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equated by particular mixtures of sucrose, oxalic-acid, quinine-

HCI, and NaCI. 

Von Skramlik (1926, p. 451) held the view that the degree of 

homogenity or heterogenity of the percept of a mixture depends on 

the nature and the concentrations of the mixture's constituents. 

With respect t o NaCI-quinine mixtures von Skramlik noted "Wohl 

aber s teht f es t . daB bei 2ufügung von immer mehr NaCI zur 

Chininlösung sehr bald eine Stufe erreicht wird, von der ab jede 

Mischung b i t ter und salzig schmeckt, die beiden Bestandteile also 

sinnlich nebeneinander beetehen. und willkürlich mit der 

Aufmerksamkeit festgehalten werden können.". According t o Von 

Skramlik the tas te qualities sour-salt , sweet-salt and sweet-sour 

lead easily t o the fusion of t as te qualities although fusion 

occurs at particular concentrations only. The taete qualities 

b i t ter and sweet do not fuse well, and the tas te qualities 

b i t te r -sa l t , and b i t ter-sour do not fuss at all. 

In one of the f i r s t exteneive and systematic studies 

specifically aimed at the asseeement of the t as te quality of 

mixtures. Hambloch & Puschel (1928) developed a scheme fo r the 

quality of binary tas te mixtures. These authors prepared eeveral 

binary mixtures of quinihe-HCI. NaCI, tar tar ic acid and sucrose. 

They distinguished between f ive dif ferent phenomena, when two 

suprathreshold concentrations of two dissimilar tasting 

substances e.g. A and B are mixed. 

1) The mixture has a homogeneous tas te quality identical t o the 

quality of unmixed A. The tas te quality of B is completely 

supprsssed. 

2) The mixture has a homogeneous tas te quality which is not 

identical t o the quality of unmixed A. The taete 

quality of B cannot be identified however. 

3) The mixture has a heterogeneous tas te quality in which both 

tas te qualities can be easily rscognized and the attention can 

be switched from the quality of component A t o the quality of 

component B and vice versa. 
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4) The mixture has a homogeneous t as te quality in which the 

quality of A cannot be identified. The tas te quality of 

the mixture however is not identical t o that of unmixed B. 

5) The mixture has a homogeneous tas te quality identical to the 

quality of unmixed B, and the t as te quality of A is completely 

suppressed. 

After this study was published, three decades passed before 

more ressarch on the t as te quality of mixtures was done. 

Gregson (1966) found that the t as te quality of weak sucrose-

NaCI stimuli was not always recognized as being sweet or sal ty, 

but sometimes was recognized as bsing sour and b i t ter . 

Moskowitz (1972) applied the method of magnitude estimation 

in a study using mixtures of sweet tast ing substancss (glucose 

and f ructoss) with either a salty (NaCI), a sour (citric acid), 

or a b i t ter (quinine-SCU) tasting substance. He concluded that 

"Mixtures of sweet and salt developed an 'unblended' or 

'clashing' t as te , in which the components alternated in 

attempting t o dominate the t as ts percept. Sweet mixed with either 

sour or b i t ter blended in almost all proportions.". He in 

addition noted that the quality of sweetness was changsd in a 

different way by different t as ts substances. 

Welsh e t aj.. (1979), cited by Schiffman & Erickson (1980), 

carried out an experiment in which subjects were presented with a 

large number of unmixed compounds and a large number of binary 

mixtures. They were instructsd t o decide whether the resulting 

t as te quality was 'unitary', or whether they tas ted a mixture. 

The results showed that binary mixturss wsre not as frequently 

judged as containing more than one t as te quality than the unmixed 

stimuli. According t o Schiffman & Erickson (1980) this 

observation shows that new tas te qualities emerge when two 

dissimilar tasting substances are mixed together. Welsh et. a[. 

(1979) observed, that subjects of ten cannot identify correct ly 

the two tas te substances in a mixturs. 

From the l i terature reviewed above, i t is apparent that the 
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question of whether new tas te qualities emerge in mixtures is sti l l not 

resolved. The following citation from Bartoshuk & Gent (1985) gives 

an indication of why this question remains unanswered "The 

stumbling block now, as in ths day of Kiesow and Oehrwall. is ths 

meaning of "qualitatively different". Suppose we mix quinine and 

sucrose. We describe the mixture as "b i t tersweet". The 

description sounds analytic since i t implies recognition of both 

ths b i t ter and sweet components. However, one can argue that the 

mixture really has a new taete quality that is similar t o b i t ter 

and to sweet and that we simply lack a nams for the new 

quality....". 

3.2. Intensity of mixtures of qualitatively dissimilar 
taeting substances 

Queetions concerning the t as te intensity of mixturss with 

dissimilar tast ing substancss can be divided into three 

interrelated issues. Ths f i rs t issue is whether or not the 

specific t as ts intsnsity of a particular t as ts substance, e.g. 

sweetness of sucrose is a l tsrsd by the presence of another taete 

substance with another tas te quality, e.g. NaCI. The second issue 

concerns the relationship between the t as ts intensity of the 

mixture and the tas te inteneities of ths mixture's constituents 

when they are t as tsd outside the mixture. In the case of sucross-

NaCI mixtures this qusstion might bs phrased; What is ths 

relationship between the to ta l t as te of ths mixture, and ths 

sweetness of the sucross component when tas tsd alons and the 

saltinsss of NaCI whsn tas ted alone. Thie issue is similar t o ths 

qusstion which is raised, when two qualitatively similar tast ing 

substances are mixed. A third issus focuses on the relationship 

bstwssn ths specific t as ts intensitiss of the mixture and the 

total t as te intensity of the mixture. What, for example, is the 

relationship between the total tae te intensity of a sucross-NaCI 

mixture, and the swsstness and saltiness of such a mixture ? 
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The f i r s t issue has been investigated by a large number of 

investigators. The second issue has been investigated less 

frequently, and there are no studies concerning the third issue, 

although several investigators have made implicit assumptions 

about the relationship between the specific t as te intensities and 

the to ta l intensity of a mixture. The l i terature on the second 

and third issue will be discussed in one paragraph. 

3.2.1 Specific taste intensity of a tastant in the presence 

another dissimilar tasting substance 

The f i r s t evidence collected on this issue are citations by 

Kiesow (1894. 1896) and Oehrwall (1891) of some general notes 

made by earlier nineteenth century investigators. Kiesow (1894, 

1896) and Oehrwall (1891) disagreed about the interpretating the 

observations of these authors. Oehrwall discounted most reposr ts , 

whilst Kiesow tended to take them more seriously. This work will 

not be discussed here, because most of these earlier general 

notes were anecdotical and not based on experimental 

observations. 

One of the f i r s t experimental obssrvations on the comparison 

of the specific t as te intensity of a particular t a s t s substance 

tasted alone with the specific t as te intensity of the same 

substancs in the presence of another comes from Zuntz (1892). He 

observed that a mixture of 0.35 M sucrose and a subthreehold 

concentration of NaCI (0.017 M NaCI) taeted just as sweet as a 

0.44 M sucrose solution. Apparently the sucrose/NaCI mixture had 

an higher sweetness intensity than ths corresponding unmixsd 

sucrose concentration. 

Kiesow (1896, p. 267) noted that in binary mixtures of 

dissimilar tasting substances, the specific t as te intensities of 

both components are euppressed. Kiesow also observed that this 

mutual suppression was not symmetrical. "So wirkt Salz intensiver 

auf SüB, als umgekehrt. Im selben Sinne wirkt Salz auf einigen 

Stufen s tarker auf Sauer und Bi t ter ein, als die Istzteren 
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Qualitäten auf das Salzige. In gleicher Weise ist die Wirkung des 

Sauren auf SüB und namentlich auf Bit ter eine intensivere, als im 

umgekehrten Falle, während in einer Combination von SüB und 

Bit ter die Wirkung der beiden Componenten wenigstens auf unteren 

Stufen ziemlich die gleiche ist . Auf mitt lsren 

Concentrationsstufen scheint nach meinen Resultaten das SüBe. auf 

den höchsten dagegen wieder das Bi t tere leicht zu Ueberwiegen". 

Kiesow (1896) did not at tempt t o quantify these e f fects . 

Heymans (1899). cited by Kremer (1917) and Pangborn (1960). 

found that the thresholds of HCl, NaCI and sucrose were raised by 

the addition of suprathreshold concentrations of one of the other 

components. 

Kremer (1917) was probably one of the f i r s t t as te 

investigators who had numerical ratings assigned to taete 

intensitiee. Kremer (1917) being his own eubject, judged the 

sweetness intensity of individual sucrose stimuli and of mixtures 

of sucrose with subthreshold concentrations of quinine-HCI, NaCI. 

HCl. H2SO4. quinine-HCI + HCl. quinine-HCI + NaCI and HCl + NaCI. 

He observed that salty and sour tasting substances enhance the 

sweet tae te , when added to a sucrose solution. A subthreshold 

concentration of quinine suppresses the swsst t as te , when added 

to a sucross solution. He also repor ted that suppressing and 

enhancing substances could cancel each o ther 's s f f sc t . 

Although the invsstigation of Hambloch & Püschel (1928) was 

primarily aimed at establishing the t as ts quality of mixtures the 

results of this study suggest that the four t as ts qualities 

suppress each other. For binary mixtures of sucrose. NaCI. 

quinine-HCI and tar tar ic acid, i t was shown that one component 

can completely suppress the intensity of the other component. 

They also found that one component can suppress the intensity of 

the other component in such a way that ths specific quality of 

the suppressed component cannot be recognized. With respect t o 

mixtures in which both components can be recognized, Hambloch & 

Püschel (1928. p. 148) noted that "Hervorzuheben iet . daB eich in 

den Mischungen dieses Bereiches dis beide Komponenten gegenseitig 
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beeinflussen, so daB sie gegenüber den in gleicher Weise mit 

deetilliertem Wasser verdünnten Beetandteilen in der Intensität 

geschwächt ... erscheinen.". 

Cragg (1937), cited by Pangborn (1960) and Von Skramlik 

(1962) observed the sourness of HCl was decreased by sucrose, but 

wae unaffected by NaCI. 

In an extensive study Fabian & Blum (1943) found that 

subthreehold concentrations of NaCI decreased the sourness of 

various acids but increased the sweetness of a number sugare. 

e.g. eucroee, f ructose, glucose, lactose and maltose. 

Subthreshold concentrations of HCl and acetic acid decreased the 

sweetness of glucose but they had no e f fect on the sweetnees of 

sucrose. Sucrose sweetnese was decreased the addition of 

subthreshold concentrations of lactic, malic, c i t r ic, and 

tar tar ic acid. The sweetness of f ructose wae decreaeed by adding 

eubthreshold concentrations of lactic, malic, acetic, and 

tar tar ic acid but i t wae not a f fected by the addition 

subthreshold concsntrations of HCl and c i tr ic acid. Ths addition 

of subthreshold concsntrations of most acids increaeed the 

saltiness of NaCI. Subthreshold concentratione of the sugars 

decreaeed the saltiness of NaCI, and the sourness of acids. 

In mixtures of dissimilar tast ing substances, Cameron (1947) 

found that a mixture of 5 % (= 0.15 M) sucrose and 2 % urea wae 

equal in perceived sweetness intensity t o a 3.1 % (= 0.09 M) 

sucrose solution. The sucrose/urea mixture thus had a lower 

perceived eweetness intensity than the unmixed sucrose solution. 

Sjöström & Cairncross (1953) inveetigated the influence of 

NaCI and acetic acid on the sweetness intensity of sucross. They 

concluded that 0.5 % NaCI (= 0.085 M) increased the sweetness of 

0.15- 0.20 M sucrose, whereas 1.0 % NaCI (= 0.17 M) decreased the 

sweetnees of 0.09- 0.29 M sucross. A concentration range of 0.04-

0.06 % acetic acid had no e f fect on 0.03- 0.15 M sucrose but 

decreaeed the sweetness of a sucross solution containing 0.18 M 

sucrose or mors. On the other hand, i t was obssrvsd that 0.03-

0.29 M sucrose decreased the sourness of 0.04- 0.006 % acstic 
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acid. 

Gerigk (1955). cited by Von Skramlik (1962), repor ted that 

quinine-HCI, tar tar ic acid and glucose depressed the saltiness of 

NaCI. The sourness of tar tar ic acid was enhanced by quinine-HCI 

and glucose, but dspressed by NaCI. Tartaric acid and quinine-HCI 

depressed ths sweetness intensity of glucose, but NaCI enhanced 

the sweetness of glucose. 

In an abstract . Kamenetzky & Pilgrim (1958) noted that 

sucross did not af fect the saltinsss of NaCI but depressed the 

bi t terness of caffeine. 

Von Skramlik (1962) published the results of some extensive 

investigations on how the detection and recognition thresholds of 

NaCI, glucose, tar tar ic acid and quinine-HCI are altered by the 

addition of suprathreshold concentrations of another component. 

Von Skramlik (1962) repor ted that the presence of one component 

raissd both the detection as wsll as ths recognition threshold 

for the other component. There were a few exceptions howsver. 

Suprathreshold concentrations of quinine-HCI lowered the 

detection and recognition threshold of ta r tar ic acid and 

suprathreshold concentrations of ta r tar ic acid lowered the 

thresholds of glucose and NaCI. 

From the end of 1950's until the end of the 1960'e the 

results of a number of extensive studies on ths specific tas te 

intensities of dissimilar tast ing substance mixtures were 

published. Several of theee papers s ta r ted with noting that there 

was l i t t le knowledge about this subject, and that the results of 

previous studies also appeared to contradictory. Beebe-Center e t 

aj.. (1959) writing about the sweetness and saltiness of 

sucrose/NaCI mixtures, noted "The data are too limited, however, 

to allow any but the vaguest inferences concerning the general 

functions rslating sweetneee and saltinese of the compound 

solution to concentration of the two solutes..". Pangborn (1960) 

noted that "The early l i terature on the subject of t as t s 

interrelationships in aqueous solutions of purs compounds is 

confusing since conflicting conclusions were obtained from 
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similar experiments...", and Kamen e t at. (1961) observed that 

"No systematic investigation of t as te interactions at 

suprathreshold stimulus intensities has ever been reported..". 

Unfortunately, the studies related to the question of the 

specific t as ts intensities of dissimilar tast ing substance 

mixtures havs not been able t o resolve this issue. On the 

contrary, a rather complicated picture emerged. The results of 

these studies will be discussed ssperately for each of the 

possible binary combinations of sweet, salt , sour and b i t ter . 

Sweet-salt 

Beebe-Center e t §L (1959) observed that the saltiness of 

sucrose/NaCI mixtures is lower than the saltiness of the 

correeponding unmixed NaCI solution although this difference was 

only marginal for mixtures with a low sucrose concentration. 

Pangborn's (1960, 1962) observations are in line with those of 

Beebe-Center e t aL (1959). Kamen e t aj. (1961) concluded however 

that "Sucrose had no general enhancing or masking e f fec ts on 

saltiness..". Indow (1969) concluded that sucrose/NaCI mixturss 

are just as salty as the corresponding unmixed NaCI 

concentrations when tasted alone except for one specific NaCI 

level (0.21 M). 

The sweetness of sucross/NaCI mixtures is higher than the 

corresponding unmixed sucrose solution when both the NaCI and the 

sucrose concentration is low (Beebe-Center et aj.., 1959; Indow. 

1969; Kamen, e t aj, 1961; Pangborn, 1962). At higher NaCI and 

sucrose levels the results ars less clear. Indow (1969) found 

that most sucrose/NaCI mixtures are just as sweet as the unmixed 

sucrose solutions. However the results of the other studies 

suggest that the sweetnees of sucrose/NaCI mixtures is lower than 

the sweetness of unmixed sucrose. The difference in sweetness 

between the sucrose/NaCI mixture and unmixed sucrose seems to 

increase when both the NaCI and the sucrose concentration 

increases (Beebe-Center e t al., 1959; Kamen e t al., 1961; 
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Pangborn, 1962). 

Sweet-sour 

Sweet-sour mixtures were investigated by Gregson & McCowen 

(1963), Indow (1969). Kamen et al. (1961), Pangborn (1960. 1961). 

and Stone. Oliver, & Kloehn (1969). 

Gregson & McCowen (1963) investigated weak sucrose-citr ic 

acid mixtures and concluded that some subjects perceive 

sucrose/ci tr ic mixtures as sweeter than the corresponding unmixed 

sucrose solutions whereas other subjects perceive the mixture as 

being less sweet. Kamen et aL (1961) concluded that 

suprathreshold sucrose/ci tr ic acid mixtures are generally sweeter 

than sucrose tas ted alone. Pangborn (1960) observed that 

(sub)threshold concentrations of c i tr ic acid depress the 

sweetness. This suppressing e f fect of c i tr ic acid was also found 

at suprathreshold levels (Pangborn. 1961). Stone. Oliver. & 

Kloehn (1969) repor ted that the sweetness of glucose, f ructoee. 

and glucose-fructose mixtures is reduced by about 50 %, when the 

pH of the stimuli, manipulated by ci tr ic acid, was reduced from 

5.8 t o 2.7. Indow (1969) found that sucrose/tar tar ic acid 

mixtures are slightly sweeter than unmixed sucrose at some 

concentration levels of both components. 

The sourness of sweet-sour mixtures appears to be lower than 

the sourness of the corresponding unmixed acid (Kamen e t aj... 

1961; Pangborn, 1960). This appears to be a general rule, 

although some investigators found some exceptions. Gregson & 

McCowsn (1963) obtained different results for different subjecte. 

Indow (1969) also repor ted some exceptions to this rule. 

Sweet-bitter 

The complex and contradictory results of various experiments 

is well i l lustrated by a few citations on the sweetness of 

eucrose/caffeine or sucrose/quinine-S04 mixtures. 
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Pangborn (1960) observed that "Caffeine, at both threshold 

(0.001 M) and sub-threshold levels (0.0008 M) had a great 

depressing e f fec t on the sweetness of sucrose..". With respect 

t o the sweetness of suprathreshold sucrose/caffeine mixtures 

however. Kamen e t aJ. (19B1) noted that "...No variables af fected 

sweetness other than the sucrose concentrations themselvee...". 

Indow (1969) obtained a mixed result with mixtures of sucrose and 

quinine-SU4. Sucroee/quinine-SO* mixtures were lees sweet than 

unmixed sucrose at high quinine-S04 concentrations. 

The e f fect of sweetness upon the bi t terness seems 

clearer. Sucroee/caffeine and sucrose/quinine-S04 mixtures are less 

b i t ter than the correeponding unmixed b i t ter substances (Indow, 

1969; Kamen e t aJ.., 1961; Pangbom. 1960). 

Salt-sour 

According to Pangbom (1960) ci tr ic acid reduced the 

saltiness of NaCI. Kamen e t a[. (1961) concluded however that the 

saltiness of NaCI was generally enhanced by citr ic acid. Indow 

(1969) observed that NaCI/tartaric acid mixtures were of about 

the eame saltiness as the unmixed NaCI stimuli except for 

mixtures containing a low NaCI concentration and a high tar tar ic 

acid concentration. The la t ter mixtures had a higher saltiness 

intensity than the unmixed NaCI concentration. 

Pangbom (1960) found that subthreshold concentrations of 

NaCI reduced the sourness of c i tr ic acid. Kamen e t aL (1961) 

obtained a rather complex result on the sourness of NaCI/citric 

acid mixtures. High levels of NaCI tended t o enhance the sourness 

of lower ci tr ic acid concentrations but depressed the sourness of 

higher citr ic acid concentrations. Low NaCI concentrations 

appeared to depress sourness. Indow (1969) obssrved that one 

particularly concentrated NaCI eolution (0.21 M NaCI) enhanced 

the sourness of lower and of intermediate concentrations tar tar ic 

acid. Other NaCI concentrations did not have an e f fect . 
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Satt-bitter 

Panoborn (1960) noted that subthreshold and threshold 

caffeine concentrations reduced the saltiness of NaCI, whereas 

Kamen et. al.. (1961) recorded that they found no e f fect . These 

authors notsd however that high caffeine levels might enhance 

saltiness. Indow (1969) concluded that high levels of ta r tar ic 

acid enhanced the saltiness of low concentration of NaCI. 

Subthreshold and threshold concentrations of NaCI reduce the 

bi t terness of caffeine (Pangborn, 1960). Kamen e t al, (1961) 

found no e f fect of NaCI on the b i t terness of caffeins. Indow 

(1969) observed that all NaCI concentrations reduced the 

bi t terness of all but the lowest quinine-S04 concentration. 

Sour-bitter 

Pangborn (1960) observed that (sub)threshold concentrations 

of caffeine reduced the sourness of c i tr ic acid. Kamen e t al, 

(1961) obtained an opposite resul t , i.e. theee authors found that 

caffeine enhanced the sourness of c i tr ic acid. To complste the 

picture. Indow (1969) reported that high concentrations of 

quinine-S04 reduced the eourness of low and high concentrations 

of tar tar ic acid. The sournsss of intermediate concentration 

levels of tar tar ic acid was unaffected. 

When subthreshold or a threshold concentration of citr ic 

acid is added to a caffeine solution, the b i t terness is reduced 

(Pangborn, 1960). However, Kamen e t al, (1961) observed that 

"Citric acid very markedly enhanced bitterness...". Indow (1969) 

observed moderate enhancement at intermediate levels of tar tar ic 

acid and lower levels quinine-S04. 

Summary 

The results may be best summarized by the notion that with 

almost all possible binary combinations of sweet, salt , sour and 
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bi t ter tasting substances, anything may occur. The specific t as te 

intensities of a particular mixture may be lower, equal t o , or 

higher than the specific tas te intensities of the mixture's 

constituents tasted independently. There is no agreement about 

the e f fec t of the addition of one particular t as te component t o 

another. There are however a few consistent observations. All 

studies seem t o agres with the observation that sucrose/NaCI 

mixtures containing a low concentration of both components have a 

higher perceived sweetness intensity than the corresponding 

unmixed sucrose stimuli. Another consistent observation is that 

mixtures of sucrose and a b i t ter substance tas te less b i t ter than 

the unmixed b i t ter component. It appears that most e f fec ts depend 

on the concentration levels of both substances. As Kamen e t aj.. 

(1961) noted, "...what happened at near-threshold stimulus 

concsntrations was not necessarily predictive of suprathreshold 

phenomena...". Another obssrvation is that the frequency of 

suppression is higher than the frsquency of enhancement. 

As can be inferred from the above summary, there was some 

confusion in ths s ta te of knowledge on this issue at the 

bsginning of the 1970's. The next decade did not bring clarity. 

Moskowitz (1971) repor ted that the addition of one 

particular concentration of a tastant t o a series of 

concentrations of another tastant does not a f fect the exponent of 

the peychophysical power function for the other component. 

Because Moskowitz (1971) did not use a standard or modulus in 

this experiment, the intercepts of the power functions could not 

be determined. It could not be established whether or not the 

absolute levels of the specific t as te intensitiss were af fected. 

In another experiment published one year later, Moskowitz (1972) 

observed that NaCI, c i tr ic acid and quinine-SCU functioned 

primarily t o depress the eweetness of glucose and f ructose. There 

were some cases however in which enhancement occurred. 

Bartoshuk (1975) prepared six binary, six t s r t ia ry and one 

quartenary mixtures of moderately intense concentrations of 

sucrose. HCl, sucrose, and quinine-HCI. Subjects judged each of 
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the single substances and sach of the mixtures simultaneously on 

sweetness, saltiness, b i t terness, and sourness. The resul ts 

showed that some of the mixtures had an higher specific tas te 

intensity than the corresponding unmixed tastant. In most casss 

however the specific t as te intensity was lower than the specific 

t as te intensity of the unmixed component. 

At the end of the 1970's attention shifted from actually 

describing the tas te interactions, towards e f fo r t s t o localize 

the tas te interactions. As i t was well known that two t as te 

substances may a f fect each other 's specific t as te intensity when 

mixed the question now became at which phase in the transduction 

procsss these t as te interactions occurred (Kroeze, 1978. 1979; 

Lawless, 1979). This type of research has continued until the 

present day. The present review does not concern i tself with 

these developments. 

3.2.2. Taste intensity of a mixtures in relation to taste 

intensities of the mixture's components when tas ted independently. 

The relationship between the tas te intensity of a mixture of 

dissimilar tasting substances and the t as te intensities of the 

unmixed components can be studied in a way similar t o studying 

such relationship in mixtures of similar tast ing substances. In 

the discussion on the tas te intsraction between similar tast ing 

substances, i t was noted that the tas te interaction in thess type 

of mixtures was usually described by a comparison of the tas te 

intensity of the mixture with the sum of the t as te intensities of 

the mixture's components when tas ted independently. The same 

holds for the relationship between the tas te intensity of a 

mixture of dissimilar tast ing substances and the t as te 

intensities of i t ' s unmixed componsnts. It is usually dsscribed 

by a comparison of the tas te intensity of a mixture with the sum 

of the tas te intensities of the mixture's unmixed components. 

Although this issue had received attention from Kiesow 

(1896). only a few investigators havs addressed i t again. 



-38-

relationship between the total tae te inteneity of mixtures with 

dissimilar tasting substances and the specific taete intensities 

of theee mixtures. 

4. SUMMARY 

A brief outline ie given here of the e tate of knowledge of 

the peychophysics of tae te mixturee ae i t wae at the end of the 

1970'e. Although the amount of energy devoted to taete mixtures 

is impreeeive the eame cannot be said from the e ta te of knowledge 

in thie area. The issues addreeeed in t as te mixture reeearch are 

less simple than is apparent at f i r s t sight. 

With respect t o mixturee of qualitatively similar tast ing 

substances, in virtually all étudiée i t hae been repor ted that 

the taete inteneity of a particular mixture ie equal t o or more 

than the sum of the tae te inteneitiee of the mixture'e 

conetituent components when tasted alone. However, moet of theee 

results can be explained on the basis of the psychophysical 

mixture model introduced by Bartoehuk & Cleveland (1977). 

According to this model the taete interaction between two taete 

substances can be predicted by the forms of ths peychophyeical 

functions of the mixture'e conetituent componente. 

Research on mixtures of qual i tat ivst dissimilar tasting 

substances focused on two main issues; the taete quality of thoee 

mixtures, and their t a s t s intsnsity. 

With reepect t o the asseesment of the t as te quality of 

mixtures of qualitatively dieeimilar taeting eubstances l i t t le 

progress has been made since the end of the nineteenth century. 

At that time i t was alrsady known, that ths taete qualities of 

individual taete substancee can be identified in mixturee. The 

debate is stil l going on, on whether or not new tas te qualitiee 

emerge (McBurney & Gent, 1979; Schiffman & Erickeon. 1980). 

In mixturee of two qualitatively dissimilar tast ing 

substancee the epecific taete inteneities may bs lower than, 

equal t o . or greater than the the specific t a s t s intensitiss of 
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Kiesow (1896, p. 265) noted that "Die Intensität einer 

Mischempfindung entspricht somit nicht einer Summe der 

Starkegrade der in sie eingehenden Empfindunoselemente..". He did 

not attempt t o quantify this statement. 

It took about 75 yeare before thie issue wae again 

coneidered. Pfaffmarm e t al, (1971) obtained a eimilar conclueion 

t o Kiesow, "When two eubstances ars mixed, the intensity of the 

mixture is less than the inteneitv of the componente t as tsd 

independently..". Pfaffmarm s t aj, (1971) drew this conclusion on 

the basis of the results of Bsebe-Centsr e t aj.. (1959) on the 

specific t as te intensities of sucroee/NaCI mixtures. 

Moekowitz (1972) drew a similar conclusion for mixtures of 

each of the sweeteners glucose and f ructose with each of the 

eubstances NaCI, c i tr ic acid and quinine-SO*. He concluded that 

the to ta l t as te inteneities of ths mixtures was about 50 % of the 

sum of ths spscific t a s t s intensities of the mixturee' unmixed 

components. 

Bartoehuk (1975) also arr ived at a eimilar conclusion for 

binary, te r t ia ry and quarternary mixturee of sucrose, NaCI, 

quinine-HCI and HCl. 

When the line of reaeoning of the thres la t tsr studies is 

examined more closely, i t becomes apparsnt that in each of them 

one untested assumption is mads. The to ta l taete intensity of a 

mixturee muet be equal t o the sum of the spscific taete 

intensities of that mixturs. Pfaffmann s t aj, (1971) assume for 

example that the to ta l t a s t s intensity of a sucrose/NaCI mixture 

is the sum of the eweetnsss and saltinsss of that mixture. 

Moskowitz (1972) and Bartoshuk (1975) follow this same line of 

reasoning. Although this assumption might be valid there is no 

experimental evidence that the to ta l tae te intensity of a 

heterogeneous t as t s percept ie equal t o the sum of i t s specific 

taete intensitiss. This implies that ths conclusions of the 

lat ter étudiée may or may not be valid depending on the validity 

of the underlying assumption. 

It will now be clear that no research hae been done on the 
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the unmixed components. Which e f fect occurs depends on the 

nature, concentrations and composition of the mixture's 

components. There havs been a few consistent observations, in 

what is otherwise a substantial amount of contradictory results. 

One consistent obssrvation is that the sweetness of sucrose/NaCI 

mixtures with low concentration of both substances are sweeter 

than the swsetness of the corrssponding unmixed sucrose 

concentration. Two other coneistsnt observations ars that ths 

sournsss of sweet-sour mixtures, and the bi t terness of swset-

b i t ts r mixturse is lowsr than the corresponding unmixed sour and 

b i t ter components. 

The relationship between the total t as te intsnsity of a 

mixturs and ths specific t as te intensities of the unmixed 

components ie unknown. The same applies t o ths rslationship 

between the total tae te intsnsity of a mixture and the specific 

t as te inteneitiee of the mixture i tssl f . 
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Abstract. Beidler's mixture equation (1971) describes the relationship between the concentration and com
position of a binary mixture and the magnitude of the neural response. Later this equation was generalized 
to a psychophysical level. The purpose of the present study is to show that Beidler's mixture equation can 
be tested appropriately with indirect psychophysical methods, without the necessity of making assumptions 
about the magnitude of the maximum responses to the single compounds which constitute the mixture. Exper
iments were carried out using glucose and fructose as tastants. Concentrations of fructose and three equiratio 
mixture types containing glucose and fructose were matched in perceived sweetness intensities to five dif
ferent glucose concentrations using the method of constant stimuli. The results showed that Beidler's mixture 
equation describes accurately the taste interaction between glucose and fructose at low sweetness levels. At 
high sweetness levels the taste system is more efficient, as could be expected on the basis of Beidler's mixture 
equation, because the experimentally determined mixture concentrations were lower than those predicted 
by the mixture equation. The findings suggest that glucose and fructose share common receptors, but that 
either one or both have additional secondary binding mechanisms. 

Introduction 

In his theory of taste stimulation, Beidler (1954) postulated that the adsorption of stimulus 
molecules to receptor sites elicits a neural response of a magnitude proportional to the 
number of occupied receptor sites. Because the number of receptor sites is limited, 
the response magnitude approaches asymptotically to a maximum response at very high 
stimulus concentrations. According to Beidler's occupation theory, the quantitative 
relationship between the neural response and stimulus concentration can be described 
by the following equation: 

KCRc (1) 
R = 1 + KC 

where R = magnitude of the response, in most electrophysiological studies, this is the 
integrated whole nerve chorda tympani response; Rs = maximum response at very high 
stimulus concentrations; C = stimulus concentration; K = association constant reflect
ing the strength of binding between stimulus molecules and receptor sites. 

Beidler's taste equation adequately describes electrophysiological responses obtained 
with various taste substances for several species, for example, for sodium salts in the 
rat, the hamster (Beidler, 1953, 1954; Kimura and Beidler, 1961), and the primary 
taste receptor in the blowfly (Evans and Mellon, 1962); for sucrose in the rat (Hagström 
and Pfaffmann, 1959; Tateda and Hidaka, 1966; Hiji and Imoto, 1980), hamster (Beidler 
et al. (1955), gerbil (Jakinovich, 1976; Jakinovich and Goldstein, 1976; Jakinovich 
and Oakley, 1976), and the labellar sugar receptor in the fleshfly (Morita and Shiraishi, 
1968). According to Jakinovich and associates, Equation 1 adequately describes the 
concentration—neural response relationship in the gerbil for various disaccharides 
(Jakinovich, 1976), monosaccharides (Jakinovich and Goldstein, 1976), sugar alcohols 
(Jakinovich and Oakley, 1976), methyl esters of glycopyranosides (Jakinovich, 1985) 



-50-

and saccharine (Jakinovich, 1982). However, electrophysiological responses to glucose 
and fructose obtained from the labellar sugar receptor of the fleshfiy (Morita and Shirai-
shi, 1968), and from the rat's chorda tympani (Tateda and Hidaka, 1966; Hiji and Imoto, 
1980) did not concur with Beidler's taste equation. This was also the case for data from 
the gerbil's chorda tympani response to fructose (Jakinovich and Goldstein, 1976). 

Although Beidler's theory accounts for a large amount of experimental data, this theory 
does not account for several phenomena related to the time course of the neural response 
to taste stimuli. Beidler's theory predicts the steady state response to taste stimuli. It 
does not contain a parameter or parameters related to the initial high-rate transient 
response observed in the neural recording of the taste response (Faull and Halpern, 
1972; Smith et al, 1975; Kashiwagura et al, 1980). Marowitz and Halpern (1977) 
and Bealer (1978) suggested that the initial transient response is essential for intensity 
discrimination between taste stimuli. To account for this phenomenon other more detailed 
models have been developed (Heck and Erickson, 1973; Smith et al., 1975; Kamo et 
al, 1980). 

There is only one analysis, carried out by Beidler (1961) himself, in which the taste 
equation has been applied to human psychophysical data. His findings suggest that the 
taste equation concurs with an accumulated JND-scale constructed by Lemberger (1908). 

In addition to the equation for single compounds, Beidler (1962, 1971) proposed a 
mixture equation to describe the peripheral interaction of two taste substances under 
the condition that the stimulus, molecules of both substances compete for adsorption 
at the same receptor sites. According to this mixture model, the magnitude of the re
sponse to a mixture of concentration i of substance A (=Ca i), and concentration y of 
substance B (= Cb) is given by: 

_ KaCaiRsa + ^tA/ftjb (2) 
*bij ~ 1 + *.C„- + KbCbj 

where Äab( = response to the mixture; 7?sa, Rsb = maximum responses to substances 
A and B, respectively; Ka, Kb = association constants of substances A and B, 
respectively. 

This mixture equation has been tested in five electrophysiological studies. The results 
obtained in two studies, one with sorbitol—sucrose mixtures (Jakinovich and Oakley, 
1976), and one with mixtures of sucrose and methyl a-D-glycopyranoside (Jakinovich 
and Goldstein, 1976) were in agreement with the mixture equation. The data obtained 
in an experiment on sucrose-saccharine mixtures were not in agreement with the mix
ture equation (Jakinovich, 1982). According to Jakinovich, the reason for such failure 
is that sucrose and saccharine have different independent receptor sites. In two other 
experiments the data obtained also did not concur with the predictions from the mixture 
equation (Tateda and Hidaka; 1966; Morita and Shiraishi, 1968). However, in these 
latter studies, the responses to the unmixed compounds deviated from the function fit
ted on the basis of Beidler's equation for single compounds. The results of studies in
vestigating mixtures of these deviating substances can therefore not be accepted as valid 
tests of the mixture equation. 

Not only electrophysiological research has been carried out. Curtis etal. (1984) evalu
ated the mixture equation in a psychophysical experiment using the method of magnitude 
estimation (Stevens, 1975). They concluded that Beidler's mixture equation provides 
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'. . . an excellent description of the psychophysical relation for mixture data, if it is 
assumed that a non-linear response transformation is introduced in judgement'. Unfor
tunately, the shape of such a non-linear response output transformation is generally 
not known (Veit, 1978; Rule and Curtis, 1980; Birnbaum, 1980). A non-linear response 
output function implies that the responses obtained are not linear with perceived taste 
intensity; even if the relationship between a tastant's concentration and its perceived 
intensity could in principle be described by Beidler's taste equation, a psychophysical 
power function obtained by magnitude estimation obscures this relationship. 

Another problem also encountered when attempting to test Beidler's mixture equation 
in a psychophysical experiment is the experimental determination of the maximum 
response to a particular substance. For example, sweet substances have side tastes 
(Cameron, 1947; Schiffman et al., 1979; Kuznicki and Ashbaugh, 1979), which are 
more pronounced at high intensities than at low intensities (McBurney, 1978), and these 
side tastes may interfere with the maximum response to sweetness itself. In addition, 
the increased viscosity at high concentrations may affect the sweetness response (e.g. 
Christensen, 1980; Izu^su etal., 1981). 

The present paper reports a different type of psychophysical test of Beidler's mixture 
equation. The methodology was developed with the specific aim in mind of bypassing 
the two serious problems referred to above, i.e. the unknown relationship between per
ceived taste intensity and observable response, and the necessity of the experimental 
determination of the maximum response. 

The fundamental question may arise whether a structure-activity theory can be gen
eralized to the level of sensory perception. As Beidler (1961) and Curtis et al. (1984) 
have already done, we take this philosophical issue for granted. Although many events 
intervene between stimulus binding at the receptor level and elicitation of sensation 
at a central level, we assume that there is a linear relationship between these two levels. 
In electrophysiological studies a similar linear correspondence between receptor activity 
and the whole nerve chorda tympani response is assumed. Generalization of Beidler's 
theory to the psychophysical level is one step further. This extension of the theory seems 
to be warranted since several studies (Erickson, 1963; Diamant et al., 1965; Borg et 
al, 1967; Ganchrow and Erickson, 1970; Stevens, 1970; Smith, 1974) have demon
strated that there is a simple functional relationship between neural and behavioural 
responses. However, we agree with Beidler (1978), that '. . . the success of the taste 
equation is not necessarily evidence that the theory on which is based is correct . . . ' . 

Theory 

In this section, it is shown logically that Beidler's mixture equation leads to simple 
and testable predictions of the intensity of mixtures of two subtances. Since these predic
tions can be tested with indirect instead of direct psychophysical methods, possible arte
facts resulting from an unknown response transformation are excluded. Moreover, as 
follows from the derivations made below, predictions of mixture intensities are inde
pendent of the maximum responses to the mixture's constituent components. Therefore, 
assumptions about the magnitude of the maximum responses to the single compounds 
are unnecessary. 

Analogously to Beidler (1954), let the concentration-sensory response relationships 
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for the substances A and B be given by: 
KaCaiRsa (3) 

R* - 1 + tfaC, 

and 

= ^bCbAb (4) 
bj i + Kbcbj 

where /?a,, /?b = the response to concentration i of substance A (= Cai), and concen
tration j of substance B (= Cb), respectively; /?sa, 7?sb = maximum responses to sub
stance A and B, respectively; Ka, Kb = association constants of substances A and B, 
respectively. 

According to Equation 2, the response to a mixture containing a particular concen
tration X of substance A (= X) and a particular concentration Y of substance B 
(= Y) is given by: 

„ _ ^a-^sa + ^ b^ sb (5) 
«abAT - I + KaX + KbY 

Assume that a particular concentration i of substance A (= Ca() evokes a response 
of the same magnitude as the response to concentration y of substance B ( = Cb), i.e. 
Raj = Rbj. The question may now arise as to what is the total concentration and com
position of possible mixtures of A and B, which give rise to a response identical to 
Rai and /?b-. Inferences made from Beidler's mixture equation provide a general, but 
simple answer to this question. 

Expressed in terms of Equation 5, this question can be stated as follows: what mixtures 
composed of a certain concentration X of substance A and a certain concentration Y 
of substance B give rise to a response equal in magnitude to responses to Ca/ (=#,,) 
and to Chj (= Rbj), provided that Rai = Rbß 

The condition that the responses to Cai and to Cb , and to each mixture of a series 
of mixtures of substances A and B, containing the concentration X (of A) and Y (of 
B) are equal to a response magnitude R, can be expressed as: 

R = Rai = Rbj = RabXY- (6) 

If the parameter /?a/ in Equation 3 is substituted by R using Equation 6, then the 
parameter Ka in Equation 3 can be expressed as follows: 

R (7) K* CJRsa - R) 

Analogously, Kb in Equation 4 can be written as: 

Ku = -". (8) 
b Cbj(Rsb - R) 

If the right-hand side of Equations 7 and 8 are substituted in Equation 5, thereby 
eliminating the constants Ka and Kb, the following equation is obtained (see Appendix 
1): 

X = C - ^-Y (9) Ca' < v 
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substance B Cb(mol/l) 

, AB 0.25/075 

AB 050/0 50 

ABO 75/025 

substance A : Q (mol/l) 

Fig. 1. Predictions derived from Beidler's mixture equation. The concentration C . of substance A gives 
rise to a response equal in magnitude to the response to concentration Cb of substance B. According to 
Beidler's mixture equation, the straight line connecting CM. or C . represents the series of mixtures of the 
substances A and B, each of which gives rise to a response equal in magnitude to the response to C . or 
C .. The lines from the origin represent three types of equiratio mixtures. Intersections of the lines represent
ing the equiratio mixtures with the line connecting C a and C.. define the total concentration and compo
sition of mixtures equal in intensity to the single compound solutions. For example, the 0.50/0.50 mixture 
of AB that should produce a response equal to the response to-C^. or Cb. contains X M of substance A and 
y M of substance B. The illustration shows that X and Y are mutually dependent, and vary with the ratio 
of A and B in a particular mixture. The broken lines are three examples of different mixture ratios. 

Equation 9 is illustrated graphically in Figure 1, showing that this equation describes 
the straight line connecting C^ and Cb . All possible mixtures predicted to give rise 
to a response magnitude identical to /?a; and Rb: (= R) are represented by the points 
on this line. 

As shown earlier by Frijters and Oude Ophuis (1983), a mixture of X and y can also 
be conceived as a solution of total concentration (X + Y) containing the fraction 
p = X/(X+ Y) of substance A and the fraction q = Y/(X+ Y) of substance B 
(P + q = 1). 

These authors developed the concept of 'equiratio mixture type', i.e. a series of mixtures 
in each of which the ratio of the constituent components is constant; a specific type 
of equiratio mixture is defined by the values of p and q. Making use of this concept 
and rearranging the terms in Equation 9 yields: 

X+ Y = 
CmCbi (10) 

PCbj + 1C&i 

Equation 10 is a simple formula resulting from Beidler's mixture equation that predicts 
the total concentration of AB mixtures containing X (of A) and Y (of B), which produce 
the same response magnitude as that to C^ and to Cb (i.e. R^ = Rbj = RabXY = K)-
In Figure 1, three equiratio mixture types with different values ofp and q are represented 
by the lines drawn from the origin. The points at which these lines intersect with the 
line representing Equation 9 gives the predicted concentrations X and Y. 
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Equations 9 and 10 do not contain the parameters R, /?sa, Rsb, Ka and Kh. This is 
meritorious from an experimental point of view, since elimination of these parameters 
makes it possible to test Beidler's mixture equation at an arbitrary level of sensory 
intensity, independent of the maximum responses to the single compounds. These predic
tions can be tested easily using indirect psychophysical scaling methods. 

It should be borne in mind that there are certain limitations to the applicability of 
Beidler's mixture equation, and consequently restrictions on the validity of the equations 
derived above. As Beidler's mixture model aims to describe the peripheral interaction 
between two taste substances, it does not account for interactions at a higher level in 
the transduction process. When two qualitatively different taste substances are mixed, 
the intensity of the single taste qualities is affected (e.g. Beebe-Center et al., 1959; 
Pangborn, 1961, 1962; Bartoshuk, 1975). The interaction between two qualitatively 
different taste qualities is not necessarily located only at the receptor level of the taste 
system. Smith (1974) and McBurney and Bartoshuk (1973) found no evidence for the 
interaction of sucrose and NaCl at the receptor site. Kroeze (1978, 1979) has shown 
that the interaction of sweet and salty taste occurs not at the periphery, but at a higher 
level in the transduction process. A similar conclusion was drawn by Lawless (1979) 
for bitter —sweet mixtures. Therefore, the potential validity of the above derivations 
is limited to mixtures of taste substances of similar taste qualities. 

Aim of the experiment 

The purpose of the present study was to test the validity of Equation 9 and 10 in a 
psychophysical experiment. This requires the experimental determination of concen
trations of the two substances (used for mixture composition), and concentrations of 
mixtures of these substances, all of which are perceived of as being equally intense. 
When the concentrations of the two unmixed compounds which give rise to an ident
ical perceived intensity have been experimentally determined, then Equation 10 can 
be used to predict the concentration and composition of mixtures, which by Beidler's 
mixture model should give rise to identical perceived taste intensities. Evaluation of 
Beidler's mixture equation then consists of comparing the experimentally determined 
mixture concentrations (each of which has a perceived intensity equal to those of the 
particular concentrations of the umixed components) with the predicted mixture con
centrations (each of which according to Beidler's mixture equation should have a per
ceived intensity equal to those of the single compound solutions). 

Methods and materials 

In this study, fructose and three equiratio mixture types of glucose and fructose (denoted 
by 'comparison stimuli') were matched in perceived sweetness intensity to glucose 
(denoted by 'reference stimulus'). Use was made of the method of constant stimuli 
(Guilford, 1954). Since the validity of Equations 10 and 11 may depend on the level 
of taste intensity, these equations were tested at five different levels. In order to obtain 
as precise results as possible, and to avoid range biases (Poulton, 1979) a preliminary 
experiment was carried out to determine the concentration levels and ranges to be used. 
In order to check for possible biases in the method, 10 control experiments were incor
porated in the study; glucose was matched to itself at the five standard levels, and fruc-
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/GluFru 0.25/0.75 
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GluFru 0.50/0.50 
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Fig. 2. Concentrations of the comparison stimuli (—) and the standard stimulus ( • ) in the experiments at 
the sweetness level corresponding to 0.125 M glucose. 

tose was also matched to itself at the five levels equal in perceived sweetness intensity 
to the glucose standards. Thus, the entire study encompassed 30 identically designed 
experiments. Each of the four types of comparison stimuli were matched in perceived 
sweetness intensity to each of the five levels of the glucose reference ( 4 x 5 exper
iments). In addition there were the 10 control experiments. 

Subjects 

The subjects were 10 paid volunteers (six men and four women) whose ages ranged 
from 18 to 26 years, and who were either graduate or undergraduate students of the 
Agricultural University. Some subjects had had previous experience with psychophysical 
tasks, but all were naive with respect to the substances used and the purpose of the study. 

Stimuli 

The stimuli were solutions of glucose (Merck: 15639), fructose (Merck: 5321) and 
three equiratio mixture types (Frijters and Oude Ophuis, 1983) in demineralized water. 
The three equiratio mixture types were: mixtures containing three times as much glucose 
as fructose (GluFru 0.75/0.25); mixtures with an equal concentration of both substances 
(GluFru 0.50/0.50); and mixtures containing three times as much fructose as glucose 
(GluFru 0.25/0.75). Solutions were prepared at least 24 h before tasting. 

The five concentrations used as reference stimuli were 0.125, 0.250, 0.50, 1.00 and 
2.00 M glucose per litre of solution. Figure 2 illustrates the basic .experimental design; 
it shows the concentrations of the comparison stimuli in the experiments at the sweet
ness level corresponding to 0.125 M glucose. The designs for the experiments at the 
other sweetness levels (0.25, 0.50, 1.00 and 2.00 M glucose as standard) were identical. 
Each standard glucose solution was compared with a series of seven geometrically spaced 
comparison stimuli. The middle stimulus of each series of comparison stimuli was deter
mined from the data of the pilot experiment, and was selected so that it could be ex-
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Table I. Middle concentrations of the series of seven comparison stimuli matched to glucose 

Glucose 
concentration 
(M) 

0.1250 
0.2500 
0.5000 
1.0000 
2.0000 

Type of comparison 

GluFru 0.75/0.25 

0.0860 
0.1700 
0.3600 
0.7300 
1.6700 

stimulus (M) 

GluFru 0.50/0.50 

0.0660 
0.1400 
0.3200 
0.6700 
1.4400 

GluFru 0.25/0.75 

0.0550 
0.1200 
0.2800 
0.5700 
1.3600 

Fructose 

0.0500 
0.1000 
0.2400 
0.5500 
1.3100 

pected to result in 50% of 'sweeter than the standard' responses. The concentrations 
of the middle stimulus of each of the 20 ranges are given in Table I. The width of 
geometric spacing within each series of comparison stimuli was also determined in the 
pilot study. On the basis of these preliminary data, the weakest and strongest stimulus 
of each series could be expected to result in 10 and 90%, respectively, of 'sweeter 
than the standard' responses. The width of spacing was kept constant for the four series 
of comparison stimuli at each level of the standard, but was varied between each of 
the five levels. The difference in concentration between two adjacent stimuli within 
each series of comparison stimuli at the sweetness level corresponding to 0.125 M 
glucose was 15%. Thus, as shown in Figure 2, the concentrations of pure fructose solu
tions compared with 0.125 M glucose were 0.0329, 0.0378, 0.0435, 0.0500, 0.0575, 
0.0660 and 0.0760 M fructose. Similarly, the difference in concentration between two 
adjacent stimuli at the sweetness level of 0.25 M glucose was 12% ; at 0.50 M glucose, 
10%; at 1.00 M glucose, 8%; and at 2.00 M glucose, 15%. 

The concentrations of the middle stimulus of each series of comparison stimuli in 
the 10 control experiments were identical to the concentrations of the reference stimuli 
themselves. The width of spacings for the sweetness levels varied in the same way as 
in the other experiments. 

Procedure 

The method of constant stimuli was used (Guilford, 1954). The subjects were instructed 
to identify the sweeter stimulus of each pair, and when in doubt to guess. The subjects 
rinsed their mouths thoroughly with demineralized water after tasting each pair of stimuli. 
The instructions emphasized that only the sweetness intensity was to be judged, and 
that the pleasantness or unpleasantness and side tastes were to be disregarded. 

The stimuli were presented at room temperature, in pairs of polystyrene medicine 
cups, each containing about 10 ml solution. For each level of the standard and each 
type of comparison stimulus, there were 14 possible pairs, i.e. seven times the standard 
tasted firstly and the comparison stimulus tasted secondly, and seven times in the reverse 
order of tasting. The 14 pairs were presented in a random order, and in a different 
order for each subject. The interval between pairs was 70 s. 

The subjects tasted each series of 14 pairs three times. They participated in 30 1-h 
sessions, and tasted three series of 14 pairs at each session. The three series within 
each session were always of a different level and/or type of comparison stimulus. 
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Table H. Calculation procedure after Bock and Jones (1968) to determine the concentration of GluFru 0.50/0.50 
mixture type (and 95% confidence interval) equal in perceived sweetness intensity to 0.50 M glucose 

Concentration 
of comparison 
stimulus 
(M) 

0.2404 
0.2645 
0.2909 
0.3200 
0.3520 
0.3872 
0.4259 

Natural log. 
of the 
concentration 
(x) 

-1.4255 
-1.3299 
-1.2348 
-1.1394 
-1.0441 
-0.9488 
-0.8536 

Proportion 
responses 

of 
sweeter 

than the standard' 
(= 0.50 M glucose) 
(N = 60) 

0.017 
0.150 
0.333 
0.533 
0.783 
0.967 
0.983 

z-score 
corresponding 
to proportion 
in col. 3 
(y) 

-2.12 
-1.04 
-0 .43 

0.08 
0.78 
1-.84 
2.12 

z-score predicted 
by unweighted 
regression 
(y/ 

-1.93 
-1 .23 
-0 .53 

0.18 
0.88 
1.58 
2.29 

Müller-Urban 
weight based 
expected 
z-score (col. 5) 
(W) 

0.1474 
0.3600 
0.5745 
0.6291 
0.4780 
0.2435 
0.0773 

aSolution of unweighted regression analysis: y = 8.583 + 7.379*. 
General solution for weighted regression analysis: 
y = à + bx, where b = Sxy/Sx, = (ZWxy-xLWy)/(LWx2-xLWx), and â = y - bx. 
The solution obtained is: v = 8.457 + 7.256A:, SO X = -1.1655, when y is set equal to zero. Taking the 
antilogarithm of -1.1655 yields 0.3118, which is thePSE in M. The standard error around ln(PSE) is estimated 
by: [(l/PHl/NEW) + (y/fr2)2(l/MSxi)]

,\ in this case it is equal to 0.01125. The 95% confidence interval 
of ln(PSE) is then -1.1876 <ln(PSE) <-1.1434. Taking antilogarithms yields the 95% confidence inter
val for the PSE in M, i.e. 0.3050 <PSE <0.3187. 

Data analysis and results 

The data analysis had to result in concentrations of the comparison stimuli at each of 
the five levels having perceived intensities equal to those of the glucose standards. In 
addition, the mixture concentrations predicted by Beidler's mixture equation had to 
be determined, in order to compare them with the experimentally determined mixture 
concentrations. 

On the basis of 60 responses to each comparison stimulus, the proportions of 'sweeter 
than the standard' responses were determined, and converted into normal deviates (z-
score, Table II Col. 4). Those stimuli with a proportion of responses equal to zero 
or one were excluded from the analyses. / 

The concentrations of the points of subjective equality (i.e. experimentally determined 
PSEs) were obtained by applying Urban's solution for the method of constant stimuli 
as described by Bock and Jones (1968). This weighted linear regression analysis, which 
enabled the determination of confidence intervals around the PSEs, was carried out 
with the natural logarithm of the.concentrations of the comparison stimuli as the inde
pendent variable and the z-score obtained as the dependent variable. The same compu
tational procedure was followed for each of the 30 experiments, and it is illustrated 
in Table II with the data obtained for the GluFru 0.50/0.50 mixture compared with 
0.50 M glucose. The Müller—Urban weights were based on the expected normal devi
ates calculated from a preliminary unweighted regression analysis on the same data. 
As the regression procedure was used with the logarithms of the concentrations, the 
concentration of the PSE was calculated by taking the antilogarithm of the value of 
the independent variable corresponding to an expected z-score of zero. This calculation 
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Table IV. Results of control experiments; PSEs of glucose when matched to itself at five levels, and the 
PSEs of fructose matched to itself at the corresponding sweetness levels (the sweetness intensity of 0.0485 M 
fructose is equal to the sweetness intensity of 0.125 M glucose, etc.) 

Concentration and type 
of standard solution 
(M) 

Glucose 
Glucose 
Glucose 
Glucose 
Glucose 

Fructose 
Fructose 
Fructose 
Fructose 
Fructose 

Mean absolute 

0.1250 
0.2500 
0.5000 
1.0000 
2.0000 

0.0485 
0.1027 
0.2374 
0.5790 
1.3828 

error: 0.64% 

PSE 
(M) 

0.1240 
0.2480 
0.4924 
1.0016 
1.9918 

0.0486 
0.1025 
0.2401 
0.5841 
1.3782 

95% confidence 
interval of PSE 
(M) 

0.1196-0.1285 
0.2411-0.2551 
0.4820-0.5030 
0.9847-1.0188 
1.9385-2.0466 

0.0468-0.0504 
0.0996-0.1055 
0.2341-0.2462 
0.5727-0.5957 
1.3364-1.4213 

Error: 
(PSE - Cone, stand.) 

Cone, stand. 
(%) 

-0.80 
-0.80 
-1.52 
+0.16 
-0.41 

+0.20 
-0.19 
+ 1.14 
+0.88 
-0.33 

procedure also implies that the confidence interval is geometrically spaced around the 
PSE. 

The experimentally determined PSEs and their confidence intervals are given in Table 
III, columns 3 and 6, respectively. 

The results of the 10 control experiments given in Table IV show that the error in 
the PSEs in the control study varied between - 1 . 5 and +1.1% with a mean absolute 
error of 0.6%. These results confirm the reliability of the experimental data. 

Because the concentrations of glucose and fructose which give rise to an equal response 
magnitude are known (Table III), the derivations from Beidler's mixture equation can 
now be used to predict the concentrations of the mixtures that must have a perceived 
intensity equal to the corresponding glucose and fructose solutions. These predicted 
mixture concentrations (i.e. predicted PSEs) were calculated using Equation 10, and 
are given in Table III, column 4. As the PSEs of fructose (one of the parameters of 
Equation 10) have some degree óf uncertainty defined by their confidence intervals, 
the predicted PSEs also have a certain degree of uncertainty. The lower and upper limits 
of these 'intervals of uncertainty' were calculated by inserting the lower and upper con
fidence limits of the experimentally determined PSEs of fructose into Equation 10. The 
'intervals of uncertainty' of the predicted PSEs are given in Table III, column 7. 

A difference between an experimentally determined and a predicted PSE was con
sidered to be significant if the 95 % confidence interval of the experimentally deter
mined PSE did not overlap the interval of uncertainty of the predicted PSE. 

Inspection of Table III reveals that at the lowest sweetness levels there were only 
minor deviations between experimentally determined and predicted PSEs. This was 
also the case for the concentrations of the GluFru 0.50/0.50 and the GluFru 0.25/0.75 
mixture types of equal perceived sweetness intensity to 0.50 M glucose. However, the 
concentration of the GluFru 0.75/0.25 mixture type of equal perceived sweetness in
tensity to 0.50 M glucose was significantly lower than predicted by Beidler's mixture 
equation. The same holds for the experimentally determined PSEs of all three equiratio 
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mixture types equal in perceived sweetness intensity to 1.00 and 2.00 M glucose, re
spectively. 

Discussion 

At low sweetness levels (0.125 and 0.25 M glucose), Beidler's mixture equation appears 
to predict the taste interaction between glucose and fructose with great precision; the 
deviation between experimentally determined and predicted PSEs was on average about 
- 2 % . However, at high sweetness levels (1.00 and 2.00 M glucose), the experimen
tally determined mixture concentrations were significantly lower (mean deviation was 
about —9%) than those predicted by Beidler's mixture equation. At the sweetness levels 
corresponding to 0.50 M glucose, the results were intermediate, the mean deviation 
being - 4 % . 

One possible explanation for the concurrence of low sweetness levels and the dis
crepancy at high sweetness levels is that the conditions imposed by Beidler's mixture 
model are satisfied at low sweetness levels only, but not at high sweetness levels. As 
stated in the Introduction and Theory sections, these conditions are that the constituent 
components of the mixture have similar taste qualities, and that the molecules of both 
substances compete for the same receptor sites. 

With respect to the taste qualities of glucose and fructose, a few considerations are 
in order. It is well established that the taste quality of a substance may change as a 
function of its concentration (Renqvist, 1919; Dzendolet and Meiselman, 1967; Cardello 
and Murphy, 1977; Bartoshuk et al., 1978). Data of Kuznicki and Ashbaugh (1979) 
suggest that low concentrations of glucose and fructose have indeed similar taste qualities, 
but that taste quality differences between these substances emerge at high concentrations. 
Consequently, the condition that the mixture substances must have similar taste qualities 
seems to have been satisfied at the low concentrations of glucose and fructose used 
in the present experiment, but not at the high concentrations. As shown by Kroeze (1978, 
1979) for sweet —salt mixtures, and by Lawless (1979) for bitter—sweet mixtures, mixing 
two qualitatively different substances leads to central suppression of the original taste 
qualities. Thus, central suppression may have occurred in the mixtures of glucose and 
fructose at the high sweetness levels used in this experiment. If, however, the other 
condition implied by Beidler's mixture model (i.e. mutual competition for the same 
receptor site) was met, then the occurrence of mixture suppression must have resulted 
in a mixture concentration higher than predicted, and not lower as was found in this 
experiment. Thus, the logical consequence of the explanation in terms of mixture sup
pression conflicts with the experimental finding that the mixture concentrations of glucose 
and fructose equal in sweetness intensity to 1.00 and 2.00 M glucose are lower than 
predicted by Beidler's mixture model. Therefore, although mixture suppression may 
have occurred, differences in taste quality between glucose and fructose at high sweetness 
levels do not explain the discrepancy observed. 

The second condition imposed by Beidler's mixture equation is that the substances 
in a binary mixture compete mutually and exclusively for the same receptor sites. If, 
however, these substances stimulate other receptor sites in addition to their common 
receptor site, then the adsorption of one substance is less suppressed by the presence 
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of the other substance (and vice versa) than in the case of complete competition. Con
sequently, if glucose and fructose do not only compete for the same receptor sites, but 
either one or both also have additional independent receptor sites, then the mixture 
concentration necessary to elicit a response of the same magnitude as those of the single 
compound solutions must be lower than those predicted by Beidler's mixture equation. 
The experimental results are in accordance with this conclusion at the two highest sweet
ness levels, but not at the two lowest sweetness levels. It seems that competition at 
low sweetness levels, but absence of complete competition at high sweetness levels 
accounts for the results obtained. This explanation leads to the hypothesis that glucose 
and fructose share one common receptor site, but that either one or both substances 
have additional and different secondary binding mecnanisms. The observation that glu
cose and fructose have similar taste qualities at low sweetness levels, but show quality 
differences at high sweetness levels (Kuznicki and Ashbaugh, 1979) is in line with this 
hypothesis. Further development of this idea requires two additional assumptions, i.e. 
the existence of more than one receptor site for glucose and for fructose, and a multi-
molecular stimulus-receptor site interaction. 

There is some experimental evidence to support the potential validity of the first 
assumption. Three psychophysical studies have demonstrated the existence of more than 
one receptor site for sweeteners (Faurion etal., 1980; Schiffman et al., 1981; Lawless 
and Stevens, 1983). The involvement of more than one type of receptor site could be 
concluded from absence of mutual cross-adaptation between substances (e.g. Meiselman, 
1968, 1972; McBurney, 1972; McBurney etal., 1972). In spite of the substantial number 
of cross-adaptation studies, no data for glucose and fructose are available, so that definite 
conclusions regarding this issue cannot be drawn. 

The potential validity of the second assumption, i.e. multi-molecular interaction be
tween receptor sites and a particular taste substance, has also been documented in the 
literature. Tateda and Hidaka (1966), Morita and Shiraishi (1968) and Hiji and Imoto 
(1980) suggested for the particular cases of glucose and fructose that more than one 
molecule must be adsorbed to a receptor site in order to elicit a response. Jakinovich 
and Goldstein (1976) obtained results from the gerbil's chorda tympani responses to 
fructose that are consistent with this idea. These observations indicate that glucose and 
fructose have Hill coefficients greater than one. In order to handle this situation, Beidler 
(1978) modified his original taste equation (which assumes a mono-molecular inter
action) for a single substance, so as to include a taste substance having a Hill coeffi
cient unequal to one. A general mixture model for mixtures of taste substances having 
Hill coefficients unequal to one has not yet been developed. 

In the four above-mentioned studies, it was shown that sucrose has a Hill coefficient 
of one. Since it could be concluded from the results of these studies that glucose and 
fructose must have Hill coefficients greater than one, the döse—response relationships 
for glucose and fructose should exhibit a steeper slope than that of sucrose (Maes, 1985). 
This conclusion is reinforced by the results of various psychophysical experiments in 
which it was shown that the slope of the psychophysical function of glucose is greater 
than that of sucrose (e.g. Cameron, 1947; Yamaguchi etal., 1970; McBride, 1983). 

Although a number of arguments have been presented in favour of the hypothesis, 
proof of a multi-molecular interaction is still required. 
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Alternative models 
As noted in the Introduction, Beidler's theory does not take into account the time course 
of the neural response to a taste stimulus. To rectify this situation more detailed models, 
mainly extensions of Beidler's theory, have been developed. As some of these models 
may be seen by other investigators as potential candidates for the explanation of the 
present results, some of these models are discussed in the light of our results. 

Dzendolet (1967) noted that Beidler's equation for single compounds assumes that 
the concentration of stimulating substance remains constant, despite an actual decrease 
due to binding of some of the molecules to receptor sites. In his alternative equation, 
the concentration term of Equation 1 is corrected for the amount of substance bound. 
Dzendolet (1967) argued that this correction factor is of greater influence at low con
centrations than at high concentrations. Contrary to what may be expected on the basis 
of Dzendolet's argument, our results show that the predictions of Beidler's mixture 
equation are more accurate for low concentrations than for high concentrations. There
fore, it seems that the observed discrepancies between predictions and data cannot be 
attributed to concentration changes during stimulation. 

The rate theory of Heck and Erickson (1973), an extensive modification of Beidler's 
theory, predicts that the magnitude of the neural response after application of a taste 
stimulus shows an initial high-rate transient response, after which the response declines 
to a steady state level. Although Heck and Erickson did not propose a binary mixture 
model, it can in principle be constructed analogously to the development of Beidler's 
original mixture equation. The present authors derived two variations of such a mixture 
model, one for the magnitude öf the transient response (t — 0), and the other for the 
magnitude of the response at a steady state level (t —• oo). These derivations, specified 
in Appendix 2, show that both mixture models based on Heck and Erickson's theory 
lead to the same predictions. Interestingly, and quite unexpectedly, these predictions 
are identical to those evolving from Beidler's original mixture equation. 

These derivations do not apply to the magnitude of the response to a mixture at a 
specified time in between the transient and steady state phases (/ ^ 0,oo). A similar 
derivation at a specific time requires a priori specification of the values of several other 
parameters in Heck and Erickson's model. However, we do not consider such a specifi
cation to be feasible. 

In conclusion, the distinction between Beidler's occupation theory and Heck and Erick
son's rate theory (under two specified conditions) does not clarify the results obtained, 
because both appear to lead to similar predictions. 

The model developed by Smith et al. (1975) gives a detailed description of the time 
course of the neural response. Although it contains two parameters depending on the 
concentration it does not contain the concentration itself as a parameter. Hence, no 
mixture model can be derived from this model. 

The theory of Kamo etal. (1980) is an extension of Beidler's theory. It distinguishes 
between an active and inactive molecule —receptor site complex. Interpretation of this 
theory and derivation of a testable mixture model requires knowledge of the ratio be
tween active and inactive stimulus stimulus—receptor site complexes. The value of this 
ratio cannot be obtained from the present data, and there are no other sources or means 
by which it can be estimated. This is the main reason why at present no mixture model 
can be derived from this theory. 
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Conclusion 

The methodology developed in this study permitted Beidler's mixture equation to be 
tested at specified levels of perceived sweetness. The predicted molecular concentrations 
of the glucose —fructose mixtures that should have a sweetness of equal intensity as 
certain concentrations of the unmixed compounds appeared to be almost correct at low 
sweetness levels. At the high sweetness levels the taste system appeared to be more 
efficient than predicted; a lower concentration than predicted was needed to obtain a 
certain sweetness intensity. This result suggests that glucose and fructose share common 
receptors, but either one, or both, has additional binding mechanisms. 
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Appendix 1 

Derivation of predicted mixture concentrations 

In this appendix it is shown how Equation 9 is derived. This derivation starts from 
the text under Equations 7 and 8 in the Theory section. 

Substitution of the right-hand sides of Equations 7 and 8 in Equation 5 yields: 

Ca/(Äsa ~~ Rï Cbj(Rsb ~ R^> 

In the above expression, both the left-hand and right-hand side can be divided by R: 

- ^ s a ^ s b 

C»<** - V + Cb/*sb - Ä) 
1 = XR YR 

1 + -7^-FB 5^ + Cai(Äsa ~ ^ ) C b / Ä s b ~ Ä ) 
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Since this fraction is equal to one, the numerator and denominator are equal, so that: 

XRsa YRsb XR YR 
+ TTT^ ^ = 1 + 7 7 ^ ™ + 

CaiiRsa-R) Cbj(Rsb-R) C,(/?sa - R) Cbj(Rsb-R) 

Rearranging the terms yields: 

X(Rsa - R) Y(Rsb - R) . 
+ Ç A - *) Cbj(Rsb - R) 

or 

X Y 
C~+C~=1 

Expressing X in the other parameters of the above equation results in: 

X= C • - — Y W 
x Ca' cbj

 Y 

The above Equation 9 is given in the Theory section. It is illustrated in Figure 1. 

Appendix 2 

A mixture model for the rate theory of Heck and Erickson (1973) 

According to the rate theory of Heck and Erickson (1973), the magnitude of the neural 
response to a particular taste stimulus is proportional to the rate of adsorption of stimulus 
molecules to receptor sites. The neural response as a function of the time is given by 
the following formula: 

R =
 dl^l = K, [Q [St] - K, [C] [C5]eq(l - exp -(K, [C] + K2)t\ (Al) 

where R = d[CS]/dt = rate of formation of stimulus —receptor site complexes; 
[C] = concentration of the stimulus; [CS] = concentration of adsorbed stimulus in 
a steady state; [St] = total number of receptor sites available; K^ = forward rate con
stant, reflecting the rate of adsorption; K2 = reverse rate constant, reflecting the rate 
of desorption; K = KXIK2 = equilibrium constant (equivalent to Beidler's associa
tion constant); t = time. 

The magnitude of the transient response, when t — 0 is given by: 

R = Kl[C\ [St] (A2) 

The magnitude of the response at a steady state level, when t — oo, is given by: 

R = KX[C] [S,] - K, [C] [C5]eq (A3) 

Two mixture models, one for the response to a mixture at the transient phase, and 
the other for the response to a mixture at the steady state level, can be constructed 
analogously to the development of Beidler's original mixture equation (Equation 2 in 
the Introduction). 
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The initial transient response 

The magnitude of the transient response for concentration i of substance A is given by: 

V - 0 = ^ . i [ C J [ 5 a / ] - (A4) 

A similar formula applies for the magnitude of the transient response to concentration 
j of substance B:, 

V - 0 = *bi [Cb;] [$»1 (A5) 

The magnitude of the transient response to a mixture of concentration X of substance 
A and concentration Y of substance B is given by: 

RzbXY,, - 0 = *ai [^ P J + *bi i n E5*] (A6) 

The question now arises as to what is the total concentration and composition of pos
sible mixtures of A and B, which give rise to a transient response identical to Rài t _ 0 

and Rbj t _ 0. The determination of these concentrations is similar to the derivations 
in the Theory section. The condition that the transient responses to Ca/ and Cb are 
equal to the transient response to C&XY c a n be formally expressed as: 

R = Rdi,t - 0 = Rbj,t - 0 = RabXY,t - 0 (A7) 

From Equations A4 and A7 it follows that: 

K = * (A8) 
al [CJ [SJ 

Similarly, from Equations A5 and A7 it follows that: 

K
 R (A9) 
b l " [Cbß [Sht] 

Substitution of the right-hand side of Equation A8 and the right-hand side of Equa
tion A9 into Equation A6 yields: 

[X]R[SJ [Y]R[Sht] 
K - [Ca/] [SJ + [Cbß [Sbl] 

or, 

! = i*L + [« 

Rearranging the terms^in the above equation yields Equation 9 in the Theory section. 

The steady state response 

The magnitude of the steady state response to concentration i of substance A is given by: 

*a,',r - » = *al [CJ P J - * . i &J tC5a/]eq (A 10) 

The above equation can be written as (see Heck and Erickson, p. 712): 

P *a.eqtCa|] t 5 J (All) 
R3i,t - 00 - K 

i + i f 3 [CJ 
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A similar formula applies for the magnitude of the steady state response to concen
tration j of substance B: 

„ _ ^b,eq[Cb;] [5tJ (A12) 
Kbj,t - » - Kbea 

1 + - 7 ^ ^ 

The magnitude of the steady state level of a mixture of concentration X of substance 
A and concentration Y of substance B is given by the following formula: 

Kaeq[X] [Sat] + Kbeq[Y] [Sbl] ( A 1 3 ) 
RabXY,t - » - K K 

Aa2 Ab2 

Again, the question now arises as to what is the total concentration and compo
sition of possible AB mixtures, which give rise to a steady state response identical to 
R^j t _ ^ and /?b t __ œ . The determination of the concentrations is similar to the deri
vations in the Theory section. The condition that the steady state responses to Ca/ and 
Cb are equal to the steady state response to C^XY c a n o e formally expressed as: 

R = Rai,t - » = Rbj,t - oo = RabXY,i - oo (A14) 

A similar derivation, as was carried out for the transient response and for Beidler's 
original mixture equation, yields an identical result. To obtain this result, the parameters 
AT and Kb have to be expressed in the other parameters of Equations Al l and 
A12, respectively. The right-hand sides of the equations obtained can be substituted 
into Equation A13. Rearranging the terms in that equation results in the elimination 
of Ka2, Kb2, [Sm], [Sbl] and R, and so the same result as in the derivation in Appendix 
1 is obtained. 
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CHAPTER FOUR 

SWEETNESS INTENSITY OF A BINARY SUGAR MIXTURE LIES BETWEEN 

INTENSITIES OF ITS COMPONENTS, WHEN EACH IS TASTED ALONE AND AT 

THE SAME TOTAL MOLARITY AS THE MIXTURE 

Cees De Graaf & Jan E.R. F r i j t e r s 

Chemical Senses . 1987, Vol. 12 no.1 pp . 113-129 
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Sweetness intensity of a binary sugar mixture lies between 
intensities of its components, when each is tasted alone and 
at the same total molarity as the mixture 

Cees De Graaf and Jan E.R.Frijters 
Department of Human Nutrition, The Netherlands Agricultural University, 
De Dreijen 12, 6703 BC Wageningen, The Netherlands 

Abstract. The taste interaction between two taste substances in a mixture can be assessed in different ways. 
In the usual approach, the response to a mixture is compared with the sum of the responses to the mixture's 
components (i.e. 'the summated response comparison'). This approach has led to a large variety of classifications 
and descriptions of the taste interaction. An alternative way of assessing taste interaction is by comparing 
the intensity of a mixture with the intensities of the single compounds at those particular concentrations, 
where the mixture and each of the single compounds have equal molarities (i.e. 'the equimolar comparison'). 
This approach follows from the concept of equiratio taste substance mixtures. In the present study, the data 
of seven experiments on binary sugar mixtures were re-analysed in order to enable a comparison at equimolar 
concentrations. The outcomes of these analyses showed that the taste interaction between any two sugars 
in a binary mixture follows two general rules. Firstly, the sweetness intensity of a binary sugar mixture 
is intermediate to the sweetness intensities of its components, when each is tasted alone and at the same 
total molarity as the mixture. Secondly, as the proportion of the sweetest sugar in the mixture increases, 
the sweetness intensity of that mixture gets near the sweetness intensity of the sweetest substance, tasted 
alone and at the same total molarity as the mixture. 

Introduction 

The taste interaction between two taste substances in a mixture is usually investigated 
by comparing the perceived taste intensity of a mixture with the sum of the perceived 
taste intensities of the mixture's constituents in isolation (e.g. Stone and Oliver, 1969; 
Moskowitz, 1973, 1974a,b; Rifkin and Bartoshuk, 1980; Curtis et al., 1984; Munton 
and Birch, 1985). This means that the taste intensity of an AB mixture is compared 
to the sum of the intensities of the tastants A and B under the condition that the concen
trations of each of the two components in the mixture are the same as when tasted alone 
outside the mixture. The logic of this approach is straightforward and plausible. By 
comparing mixture and single compound intensities in this way, it can be determined, 
whether two substances in a mixture suppress each other, show additivity or show 
synergism (meaning, respectively, that the sum of the perceived taste intensities of the 
components is less than, equal to, or greater than the taste intensity of the mixture). 
However, interpretation of the result of such a comparison is less simple than one would 
suspect. Bartoshuk (1975, 1977) and Bartoshuk and Cleveland (1977) argued and showed 
that the observed interaction (suppression, addition or synergism) relies heavily on the 
forms of the psychophysical functions of the mixture's components. According to Bar
toshuk, suppression takes place if the psychophysical functions of the constituents are 
negatively accelerating, and synergism occurs if these functions are positively ac
celerating. Since the shape of the psychophysical taste functions can be manipulated 
by change of stimulus delivery procedure (Meiselman, 1971), or by varying other ex-
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perimental factors (e.g. Stevens and Galanter, 1957; Parducci, 1974; Meilers and Birn
baum, 1982), conclusions about taste interaction phenomena are not only specific for 
the compounds in the mixture, but depend to a large extent on several (arbitrary) ex
perimental factors. The instability of psychophysical taste functions (cf. Meiselman, 
1972) may ultimately result in inconsistent conclusions about the sensory interaction 
between two compounds in a mixture. 

Frijters and Oude Ophuis (1983) introduced a new approach to the study of taste 
mixtures. They developed the concept of 'equiratio mixture type', and defined it as 
a series of taste substance mixtures with different concentrations, but in each of which 
the ratio of the constituent components is constant. They additionally showed that 
psychophysical functions of equiratio mixture types can be determined in the same way 
as for single substances. The comparison procedure between mixture and single com
pound intensities resulting from the equiratio mixture approach, is different from the 
comparison procedure elucidated above. Frijters and colleagues (Frijters and Oude 
Ophuis, 1983; Frijters et al., 1984; De Graaf et al., 1987) compare mixture and single 
compound intensities at those particular concentrations, where each of the mixtures 
and single compounds have equal molar concentrations. The concentration of a par
ticular mixture is expressed in the total molarity of the mixture, that is, the sum of 
the molarities of the mixture's components. This implies that all solutions, to be com
pared with respect to perceived taste intensity, contain an equal number of molecules. 
The main argument in favour of molarities is that molecules are the active agents for 
stimulation of a taste receptor (although a measure for activity or 'effective' concentra
tion would even be better). 

Figure 1 illustrates the difference between the usual approach for assessing the taste 
interaction, and the approach evolving from the equiratio mixture approach. It shows 
hypothetical psychophysical functions for substance A, substance B, and the equiratio 
mixture type containing equal molarities of A and B (AB 0.50/0.50). In the usual ap
proach the sum of the responses to concentration x M of substance A (= R^) and con
centration x M of substance B (= R^) is compared to the response of a mixture 
containing x M of A and x M of B (= Rabx*)- We call this the summated response 
comparison. The total concentration ofthat mixture is twice the concentration of each 
of the single compounds. The concept of 'mixing' means in this approach adding a 
particular concentration of one component to a particular concentration of the other 
component. According to Bartoshuk and Gent (1985), this method of mixture construc
tion originates from Kiesow. This means that mixing does not take place in the literal 
sense, that is, the addition of two single compound solutions to yield a mixture solution 
with a volume equal to the sum of the volumes of the single compound solutions. In 
effect, each component concentration is diluted upon mixing in the literal sense. 

In the comparison procedure evolving from the equiratio mixture approach, R^ and 
Rb* are not compared to Rahx*> but to the response to a mixture containing 1/2 x M 
of A and 1/2 x M of B (= Rab'/ax1/̂ )- The total concentration of this mixture is x M, 
which is equivalent to the molar concentrations of each of the single component solu
tions. Thus, the mixture intensity is not compared to the sum of the component inten
sities, but it is compared to the component intensities themselves. The concept of 'mixing' 
in this approach is interpreted in the literal sense. If a x M solution of substance A 
( = Cax) is physically mixed with a x M solution of substance B (= C^), this results 
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Fig. 1. Hypothetical psychophysical functions of substance A, substance B and the AB 0.50/0.50 mixture. 
The taste interaction between A and B by is assessed by two different comparison procedures, i.e. the 'sum-
mated response comparison' (< > ) or the 'equimolar comparison' (< >) . Usually, the responses 
to a mixture containing x of A and x of B (= R a t a ) is compared to the sum of the responses to the mix
ture's constituents (= R^ + R^,). The equiratio mixture approach to taste mixtures offers an alternative 
method of assessing taste interaction. It compares taste intensities of mixtures and single substances at those 
particular concentrations, where each of the components and the mixture have an equal total molarity. Thus, 
the single compound intensities (R^ and R^) are not compared to Ra(,„, but they are compared to Rab'Ax'Ax-

in a solution with a 1/2 x M of A, and a 1/2 x M of B (= C a b^ i^ ) . 
The potential conclusions to be drawn from the equimolar comparison are not depen

dent on the (arbitrary) shapes of the psychophysical functions, or of the properties of 
the scale used for the assessment of perceived taste intensity. There are two reasons 
for this. The first is that the comparison between the responses to the components and 
the response to the mixture can be carried out at an ordinal level of assessment ( < 
or > ). The second reason is that the equimolar comparison does not involve an arithmetic 
operation; the response to a mixture is directly compared to the responses to the single 
compounds. 

In the summated response comparison, the response to a mixture is compared with 
the sum of the single compound intensities (+) . Since an arithmetic operation is in
cluded, the scale used for expressing the perceived taste intensity, can have a drastic 
effect on the ultimate conclusion. This can be illustrated by the following three ex
amples on data of fructose-glucose mixtures, all evaluated with the summated response 
comparison rule. Stone and Oliver (1969), who used magnitude estimation, concluded 
that fructose and glucose show synergism when mixed. McBride (1986), using a category 
scale, concluded that fructose and glucose show addition at low sweetness levels, but 
suppress each other at high sweetness levels. Yamaguchi et al. (1970b) who expressed 
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Fig. 2. Results of two studies on the equiratio mixture model, one from Frijters and Oude Ophuis (1983) 
on fructose—glucose mixtures (panel A), and one from Frijters et al. (1984) on sucrose—sorbitol mixtures 
(panel B). The data were obtained using the method of magnitude estimation with a fixed standard (0.25 
M FruGlu 0.50/0.50, and 0.24 M SucSor 0.50/0.50, respectively), which had an assigned value of 10 in 
each case. 

perceived sweetness intensity in equisweet sucrose concentrations, concluded that fruc
tose and glucose show addition, but that glucose is dominant over fructose. It is evi
dent that on the basis of these studies no consistent conclusions can be drawn about 
the taste interaction between fructose and glucose. In contrast, the outcomes of two 
other experiments with fructose—glucose mixtures, evaluated according to the equimolar 
comparison rule were in broad agreement. Frijters and Oude Ophuis (1983), who used 
magnitude estimation, concluded that the psychophysical functions of equiratio mix
tures of glucose and fructose are intermediate to the psychophysical functions of the 
single compounds. The.same conclusion was obtained by De Graaf et al. (1987), who 
presented the same stimuli, but used functional measurement (e.g. Anderson, 1981; 
Birnbaum, 1982) for the assessment of the perceived taste intensities. 

In another study involving equiratio mixtures of sorbitol and sucrose, Frijters et al. 
(1984) also showed that the psychophysical functions of equiratio mixtures were in bet
ween the psychophysical functions of the single compounds. Figure 2 depicts the results 
of the two equiratio mixture studies. 

It is apparent from Figure 2 that the perceived sweetness intensities of 
glucose — fructose mixtures and of sorbitol—sucrose mixtures lie in between the perceived 
sweetness intensities of the equimolar concentrations of the single compounds constituting 
the mixture. The second point to be noted is that the sweetness intensity of the mixture 
approaches the sweetness intensity of an equimolar concentration of the sweetest 
substance when the proportion of the sweetest substance in the mixture increases (fruc
tose in the glucose —fructose experiment and sucrose in the sorbitol —sucrose ex
periment). 

McBride (1986) challenged the generality of the above observations, and noted that 
'. . . the equiratio mixture model rests upon the substitutability assumption . . . ' , and 
that for '. . . substitutability to hold, the sweetness intensity of a mixture would always 
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have to lie in between the sweetness intensities of equivalent concentrations of its com
ponents. . '. According to the same author, this is not so in the case of sucrose—fructose 
mixtures. McBride found that the sweetness intensity of some sucrose—fructose mix
tures exceeded the intensity of each of the components. However, this observation is 
at least partially based on the use of weight/volume as concentration unit. When his 
data (McBride, 1986; Figure 7) are replotted with M as the unit of concentration, his 
conclusion appears to be doubtful (see Figure 9, this paper). This matter is further con
sidered in Results. 

On the basis of the evidence for fructose-glucose and sorbitol-sucrose mixtures, 
and other evidence, we postulate the general rule that the sweetness intensity of a binary 
sugar (alcohol) mixture lies in between the intensities of their components, when each 
is tasted alone and at the same total molarity as the mixture. In order to further substan
tiate this hypothesis we recalculated published mixture data of other authors in such 
a way, that the mixture and single compound intensities are compared at equimolar 
concentrations. The data were taken from the results of seven experiments with sugar 
mixtures. These are: Cameron (1947), Stone and Oliver (1969), Stone et al. (1969), 
Yamaguchi et al. (1970a,b), Curtis et al. (1984), Munton and Birch (1985) and McBride 
(1982, 1983a,b, 1986). Similar recalculations could not be performed for certain other 
mixture studies (Moskowitz, 1973, 1974b; Bartoshuk and Cleveland, 1977; Van der 
Heijden et al., 1983) since some details of these experiments, that were essential for 
our analyses, were not reported. 

Results 

The recalculated data are derived from seven mixture studies, and comprise data on 
the perceived sweetness intensity of 27 different combinations of sweet-tasting disac-
charides, monosaccharides and sugar alcohols in binary mixtures. A brief summary 
of the applied methodology, and a graphical display of the results of each of these seven 
studies are given in seven separate sections. 

The sweetness intensities of mixtures and single compounds are compared at equimolar 
concentration levels (see Figures 1 and 2). All figures contain the following elements: 
(i) a plot of each of the two psychophysical functions of the mixture's components, 
and (ii) the sweetness intensities of the mixtures investigated. Data points representing 
the intensities of two or more mixture concentrations having an equal ratio of its con
stituents (i.e. equiratio mixture types) are connected with dashed lines. In some cases, 
not all the mixture data from the original publication are included because too many 
points would confuse the picture; it appeared that the data in some studies have nearly 
identical concentration—response coordinates. The structure of the data excluded shows 
no essential deviance from the picture that emerges from the data included. The con
centrations of both single compounds and mixtures are expressed in mol substance/litre 
solution. The concentration of a particular mixture is defined as the sum of the molarities 
of the mixture's components. The units in which the perceived taste intensities are ex
pressed are identical to the units used in the original publications. 

Cameron (1947) 

Cameron determined the sweetness of various sugars and other sweet substances using 
a variation of the method of constant stimuli (Guilford, 1954). Figure 3, panels A—D, 
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Fig. 3. Results of the study of Cameron (1947). Sweetness intensities of mixture and single substances were 
assessed using a variation of the method of constant stimuli. Sweetness intensities are expressed in equisweet 
sucrose concentrations. 

shows the results of the experiments with binary sugar mixtures (the data on 
fructose-glucose mixtures are excluded; various other elaborate data sets on 
fructose—glucose mixtures are presented further on in this paper). The sweetness in
tensity is expressed in equisweet sucrose concentrations. 

From all four panels, the same picture emerges. The sweetness intensity of 
sucrose—glucose mixtures lies in between the sweetness intensity of sucrose and of 
glucose; the sweetness intensity of sucrose-lactose mixtures is intermediate to the 
sweetness intensity of sucrose and lactose. The same rule applies for lactose-glucose 
and glucose—galactose mixtures. 

Stone and Oliver (1969) 

The sweetness intensities of glucose, fructose, sucrose and binary mixtures of these 
substances were assessed using the method of magnitude estimation (Stevens, 1975). 
The sweetness intensities of binary mixtures and single compounds were judged relative 
to 0.5 M glucose, and 0.25 sucrose, both having an assigned value of 10 in the separate 
experiments. 

Figure 4, panels A - D , shows that the sweetness intensities of the mixtures investigated 
are intermediate to the sweetness intensities of equimolar concentrations of the single 
compounds. 
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Fig. 4. Results of the study of Stone and Oliver (1969) on binary mixtures of sucrose, fructose and glucose. 
Panels A and B represent the responses for fructose-glucose and sucrose-glucose mixtures, respectively. 
The sweetness intensities of these mixtures were judged relative to the sweetness intensity of 0.5 M glucose 
which had an assigned value of 10. Panels C and D represent the responses to sucrose - fructose and 
fructose-glucose mixtures, respectively, judged relative to the sweetness intensity of 0.25 M sucrose which 
also had an assigned value of 10. 

With respect to the second rule hypothesized, i.e. that the sweetness intensity of a 
mixture approaches to the sweetness intensity of the sweetest component as the pro
portion ofthat sweetest component increases, the results are less straightforward. This 
rule appears to be valid in panels A, C and D, but panel B does not allow for a definite 
conclusion. 

Stone et al. (1969) 

Stone et al. determined the sweetness intensities of glucose, fructose and mixtures of 
these substances at three different temperatures (5, 22 and 50°C), and three different 
pHs (2.7,4.0 and 5.8). These authors used the method of magnitude estimation, where 
the sweetness intensity of all stimuli was judged relative to the sweetness intensity of 
0.25 M sucrose at a temperature of 22°C and pH 5.8. This standard stimulus was 
designated as 10. 

Figure 5, panels A - E , shows the results. All panels in this figure show that the 
sweetness intensity of glucose-fructose mixtures lie in between equimolar concentra
tions of its components. 

However, panel A does not confirm the second rule. The sweetness intensities of 
the mixtures, which contained the highest proportion of fructose, lie closer to the glucose 
curve than the other mixtures which contained relatively less fructose. Panels B and 
C also do not give unequivocal support for the second rule. This result is not in line 
with the results of Stone and Oliver (1969), Frijters and Oude Ophuis (1983) and De 
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Fig. 5. Results of the study of Stone et al. (1969) on the sweetness intensities of fructose, glucose and their 
mixtures at three different temperatures and at three different pHs. All judgements were made relative to 
the sweetness intensity of 0.25 M sucrose (designated as 10), at a temperature of 22°C and pH 5.8. 

Graaf et al. (1987). These déviances might reflect a genuine temperature effect; however, 
they can also be due to experimental error variance. 

Yamaguchi et al. (1970a,b) 

The investigation by Yamaguchi et al. is one of the most extensive mixture studies 
published. The sweetness, intensity of sucrose was matched to various reference con
centrations of fructose, glucose, xylose, sorbitol, xylitol, mannitol and all binary mix
tures of these substances. Sucrose was also matched to binary mixtures of sucrose and 
each of these six sweeteners. Yamaguchi et al. used the method of constant stimuli, 
and applied probit analysis for the determination of the PSEs (points of subjective 
equality). 

Figure 6, panels A —U, shows the sweetness intensities of the single compounds and 
mixtures, expressed in equisweet sucrose concentrations. From this figure the same 
picture emerges as from the data of Cameron (1947), Stone and Oliver (1969), Stone 
et al. (1969), Frijters and Oude Ophuis (1983), and Frijters et al. (1984). The conclu
sions with respect to the first rule drawn in the previous sections, hold for all 21 binary 
sugar mixtures investigated by Yamaguchi et al., even in cases where the psychophysical 
functions of the mixture's components are nearly identical. For example, the 
psychophysical functions of sorbitol and glucose have virtually the same shape (see 
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Figure 6, panel M); the psychophysical function of a GluSor 0.50/0.50 mixture ap
pears to be indistinguishable from the psychophysical functions of glucose and sor
bitol. The same is also true for the glucose and mannitol functions (panel O). 

The data of Yamaguchi et al. also support the second rule. The sweetness intensities 
of the mixtures represented by the solid points are closer to the sweetness intensity 
of the sweetest component than the sweetness intensities of the mixtures represented 
by the open points. The solid point mixtures contain relatively more of the sweetest 
substance than the open point mixtures. 

Curtis et al. (1984) 

Curtis et al. determined the sweetness intensities of sucrose, fructose and their mix
tures using the method of magnitude estimation. No standard stimulus was presented, 
and subjects were free to use any number to respond with. 

Figure 7 shows part of the results. These data do not give unequivocal support to 
the former conclusions. The sweetness intensities of some sucrose —fructose mixtures 
appear to slightly exceed the sweetness intensity of an equimolar concentration of sucrose 
or fructose. However, some of the results of Curtis et al. (1984) conflict with all other 
data reported on the sweetness of sucrose and fructose. Figure 7 shows that in their 
experiment the low concentrations of fructose are perceived as sweeter than low con
centrations of sucrose. This finding is doubtful, since there is an abundance of data 
which shows that a particular concentration of sucrose is sweeter than an equimolar 
concentration of fructose (e.g. Stone and Oliver, 1969; Yamaguchi et al., 1970a; 
McBride, 1983b). In addition, the crossing over of the psychophysical functions of 
sucrose and fructose has not been demonstrated by other investigators (Dahlberg and 
Penczek, 1941; Cameron, 1947; Schutz and Pilgrim, 1957; Yamaguchi et al., 1970a; 
Moskowitz, 1970; McBride, 1983b). 

Munton and Birch (1985) 

Munton and Birch assessed the perceived sweetness intensity and the 'persistence', us
ing an alternative method of magnitude estimation. They investigated a number of disac-
charides, monosaccarides, sugar alcohols and eleven different combinations of these 
substances in binary mixtures. The sweetness intensities or mixtures and single com
pounds were assessed in different sessions. 

With reference to Figure 8, panels, A—K, it is apparent that the sweetness inten
sities of the mixtures are intermediate to the sweetness intensities of equimolar concen
trations of the constituents, in seven out of the eleven mixtures. The data in these seven 
panels also support the second rule. However, the data on sucrose—fructose, 
galactose-glucose, and lactose—glucose mixtures do not allow a definite conclusion 
to be drawn, and the data on lactose—galactose mixtures seriously violate the basic 
postulate of this paper, since lactose-galactose mixtures are less sweet than the 
equimolar concentrations of either galactose or lactose. 

In order to check the validity of this contradictory result, the experiment on the 
sweetness intensity of lactose—galactose mixtures was repeated by the present authors. 
Using the same stimuli as Munton and Birch, 10 subjects judged the sweetness intensi
ty, relative to the sweetness of a 0.146 M (5% w/v) sucrose solution, which had an 
assigned value of 10. Each subject judged each stimulus three times, and all stimuli 
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Fig. 6. Results of the studies of Yamaguchi et al. (1970a,b). The sweetness intensity of mixtures and single 
substances are expressed in units of equisweet sucrose concentrations. The data were obtained using the 
method of constant stimuli. 

(mixtures and single compounds) were tasted in one session. Figure 8, panel L, shows 
the results of the repeat experiment. These results do not concur with the results of 
Munton and Birch. Firstly, the repeat experiment shows that lactose is sweeter than 
galactose (on M/l basis). This is in line with the results from Cameron (1947) and Schutz 
and Pilgrim (1957). Munton and Birch found that the psychophysical functions of lac
tose and galactose cross each other; this was not found in the repeat experiment. It 
is also evident from the repeat experiment, that the intensities of lactose—galactose 
mixtures lie in between the single compound intensities. It is proposed that the results 
of the repeat experiment are more reliable than those of Munton and Birch for two 
reasons. Firstly the data of the repeat experiment are in line with earlier published data 
on galactose and lactose (Cameron, 1947; Schutz and Pilgrim 1957). Secondly, in the 
repeat experiment, the mixtures and single compounds were presented in one single 
session, whereas in Munton and Birch's experiment, the two single compounds and 
mixtures were presented in different sessions with a different stimulus context. 

In summary, seven out of the eleven data sets on mixtures unequivocally support 
the hypothesis of this paper, three data sets are borderline cases, and one data set serious
ly violates the postulate. However, since the latter data set was shown to be suspect, 
it cannot be considered as a serious challenge to the hypothesis. 
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means of the responses. 

McBride (1982, 1983a,b, 1986) 

McBride (1982) obtained data on the perceived sweetness intensities of glucose, fruc
tose and sucrose using a 13-point category scale. He paid special attention to the inter
nal consistency of the ratings, and he argues that the scale values obtained are linear 
with perceived sweetness intensity (McBride, 1983a). The sweetness intensities of binary 
mixtures of glucose, fructose and sucrose were determined in separate experiments, 
with the same scaling method, but with different subjects (McBride, 1986). 

Figure 9, panels A—C, shows part of the results. The closed and open circles repre
sent the sweetness intensities of single compounds, and the other symbols refer to the 
data on mixtures. The data on fructose—glucose mixtures, and sucrose—glucose mix
tures confirm the hypothesis, whereas the results from sucrose—fructose do not. Despite 
this contradictory evidence, these results do not provide sufficient evidence to refute 
the hypothesis. The results of the data on mixtures and single compounds were obtain
ed in different experiments with different subjects, and a different stimulus context in 
each experiment. Although McBride (1983a,b) claims that his method is free of biases, 
his data show some variability on the scale values of the same stimuli presented in dif
ferent experiments. For example, 0.0625 M, 0.50 M sucrose and 0.085 M of the Suc-
Fru 0.33/0.67 mixture (this mixture has a 0.50/0.50 ratio on weight/volume basis) were 
each presented in three different experiments. The scale values of these stimuli show 
a variability up to one scale unit. None of the scale values of sucrose—fructose mix
tures exceed the scale value of sucrose by more than one scale unit. Thus, the fact 
that some mixture scale values are higher than the sucrose scale values could well be 
explained by experimental error variance. In an extensive study on sucrose —fructose 
mixtures conducted by De Graaf and Frijters (in preparation), it was shown that the 
scale values of sucrose —fructose mixtures are intermediate to the scale values of sucrose 
and fructose at five different concentration levels, varying from 0.125 to 2.0 M. 
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Fig. 9. Results of the studies of McBride (1982, 1983a,b, 1986), on sucrose-glucose (panel A), 
fructose-glucose (panel B), and sucrose-fructose (panel C) mixtures. The data were obtained using a 
13-point category scale. The lines representing the psychophysical functions of sucrose, fructose and 
glucose were fitted by eye (cf. McBride, 1983b). 

Discussion 

Reviewing the results, it can be concluded that, of the 52 data sets presented, 46 are 
unambigiously in favour of the main hypothesis of this paper. The remaining six con
tradictory data sets do not provide conclusive evidence against the hypothesis for reasons 
discussed. 

Munton and Birch (1985) obtained three data sets, from which no definite conclu
sions could be drawn, and one data set on lactose-galactose mixtures, which clearly 
contradicts the postulate. However, when the latter experiment was repeated by the 
present authors, it was shown that the sweetness intensity of lactose-galactose mix
tures is intermediate to the sweetness intensities of the single compounds. Since Mun
ton and Birch's data have been shown to be suspect, the authors hold the view that 
three other inconclusive data sets may also be unreliable, and do not necessarily in
validate the hypothesis. 
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The two other data sets which contradict the hypothesis both refer to sucrose — fruc
tose mixtures (Curtis et al., 1984; McBride, 1986). However, since the results of Cur
tis et al. conflict with all other data on the sweetness of sucrose and fructose, they 
must also be considered as suspect. As was shown in the results section, violation of 
the hypothesis by McBride's data (1986) could be easily explained by experimental 
error variance. Moreover, the results of two other studies on sucrose —fructose mix
tures (Stone and Oliver, 1969; Yamaguchi et al., 1970a,b) confirm that the intensity 
of sucrose—fructose mixtures are intermediate to the single compound intensities. 

It can be argued that, of all the results presented above, those of Yamaguchi et al. 
are the most precise and reliable. Yamaguchi et al. used the method of constant stimuli 
for the determination of the PSEs. This is a form of relative judgement which is con
sidered to be more accurate than the absolute judgements (Shepard, 1981) that were 
made in the other experiments. Additional evidence for the precision of data resulting 
from use of the method of constant stimuli can be obtained from a study of De Graaf 
and Frijters (1986). In ten control experiments, these authors found that the PSEs showed 
a mean absolute error of 0.64%. The results of Yamaguchi et al. therefore provide 
the most conclusive evidence in favour of the hypothesis. Her results show that the 
psychophysical functions of glucose, sorbitol, xylose and mannitol do not diverge much 
from each other, yet even under these exacting circumstances, the mixture intensities 
were intermediate to the intensities of single compounds or equal molarity. These obser
vations provide particularly substantial support for the hypothesis. 

With respect to the second rule hypothesized, i.e. that the sweetness intensity of a 
particular mixture approaches the sweetness intensity of an equimolar concentration 
of the mixture's sweetest component, it can be noted that only the data of Stone and 
Oliver (1969), and Stone et al. (1969) do not give unequivocal support for this rule. 
However, these deviations were small and can be easily explained by experimental er
ror variance. Considering the abundance of data in support of this rule, it is concluded 
that this rule applies for all binary sugar (alcohol) mixtures. 

Summary 

The taste interaction between two arbitrary sugars in a mixture can be described by 
two simple but general rules. 

The first rule is that the perceived sweetness intensity of a binary mixture lies in 
between the intensities of the components, when each is tasted alone and at the same 
total molarity as the mixture. The second rule is that, as the proportion of the sweetest 
sugar in the mixture increases, the sweetness intensity of that mixture approaches the 
sweetness intensity of the sweetest component tasted alone and at the same total molarity 
as the mixture. Similarly, as the proportion of the least sweet sugar in the mixture in
creases, the sweetness intensity of that mixture approaches that of the least sweet 
substance tasted alone at the same total molarity as the mixture. With respect to the 
psychophysical functions, this means that the parameters of the psychophysical func
tions of binary equiratio mixtures (irrespective of their forms) are intermediate to the 
parameters of the psychophysical functions of the unmixed components. As the pro
portion of A in an AB mixture increases, the form of the psychophysical function of 
such an equiratio mixture approaches the form of the psychophysical function of 
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substance A. Similarly, as the proportion of B increases, the mixture behaves more 
like substance B. 
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The description of the sensory interaction between two taste substances in terms of numerical 
responses obtained under a magnitude estimation instruction is biased, because the sensory 
processes are confounded with the judgmental process. Because the judgmental process is irrele
vant to the sensory processes involved in the perception of taste substance mixtures, a correct 
description of mixture interaction can be obtained only with an experimental setup that separates 
the sensory processes from the judgmental process. Functional measurement in combination with 
a two-stimulus procedure can separate these two mechanisms. When this approach is used, 
parallelism in the factorial plot of the responses depends not on the underlying sensory processes, 
but on the comparative operation between two sensory impressions and on the form of the judg
ment function. In this experiment, solutions of glucose, three equiratio mixture types of glucose 
and fructose (i.e., mixtures in which the ratio of the components is constant), and fructose were 
compared with glucose solutions for sweetness intensity. Under the assumption that the com
parative operation between two perceived sweetness intensities is subtractive, this scaling proce
dure yields interval scales of perceived sweetness intensity. The results showed that the data 
obtained are reliable, and that the psychophysical functions for equiratio mixtures of glucose 
and fructose lie in between the psychophysical functions for unmixed glucose and fructose. 

Sensory interaction in mixtures of two qualitatively 
similar taste substances has frequently been studied using 
the method of magnitude estimation (e.g., Curtis, Stevens, 
& Lawless, 1984; Frijters, De Graaf, & Kooien, 1984; 
Frijters & Oude Ophuis, 1983; Moskowitz, 1971, 1973, 
1974a, 1974b; Rifkin & Bartoshuk, 1980; Stone & Oliver, 
1969; Stone, Oliver, & Kloehn, 1969). The use of this 
procedure, in conjunction with describing sensory inter
actions in terms of suppression, addition, and synergism, 
may lead to erroneous conclusions about the nature and 
magnitude of the taste interaction due to scaling artifacts. 
This is a major contention of this paper, and is substan
tiated below. 

Magnitude estimation, as developed by Stevens (1956), 
originates from the stimulus-response (S-R) conception 
of psychophysics; it is assumed that the overt response 
is a perfect external representation of the internal sensa
tion (McKenna, 1985; Shepard, 1981). In contrast, the 
stimulus-organism-response (S-O-R) paradigm of psycho
physical judgment identifies a psychophysical stage relat
ing stimulus to sensation and a judgmental stage relating 
sensation to overt response (Attneave, 1962; Torgerson, 
1961; Treisman, 1964). Investigators who have adopted 
the S-O-R view have shown that the judgment function 
in magnitude estimation is a nonlinear and positively ac
celerating function of the internal sensation (e.g., Cur
tis, Attneave, & Harrington, 1968; Rule & Curtis, 1977; 
Rule, Curtis, & Markley, 1970; Veit, 1978; Weiss, 1972). 

The authors are indebted to Norman H. Anderson for his comments 
on this paper. Correspondence should be addressed to C. de Graaf, 
Department of Human Nutrition, De Dreijen 12, 6703 BC Wagenin
gen, The Netherlands. 

This implies that the description of the sensory interaction 
between two taste substances, in terms of numerical 
responses obtained by magnitude estimation, is biased by 
the nonlinear judgment function. This point can be eluci
dated by the following example. Suppose that concentra
tion x M of substance A has a taste intensity of 5 units 
on a ratio scale, and that concentration y M of substance B 
has a taste intensity of 10 units, also on a ratio scale. If 
the two taste substances behave additively when mixed, 
then the taste intensity of a mixture containing AT M of A 
plus y M of B should have a taste intensity of 15 units. 
If these three stimuli (x M of A, y M of B, and AT M of 
A + y M of B) were presented in a magnitude estimation 
experiment in which the response function has the form 
(Perceived Intensity)1 " (1.47 being the mean value for 
the exponent of the response function found in magnitude 
estimation experiments; Birnbaum, 1980), then the 
reported magnitude of AT M of A would be 11, that of y M 
of B would be 30, and the response to the mixture would 
be 54. From this result it would then erroneously be con
cluded that substances A and B behave synergistically 
when mixed, because the number 54 is larger than the 
sum of 30 and 11. This example demonstrates that in mag
nitude estimation, the sensory processes involved in the 
perception of the taste intensity of a mixture are con
founded with the judgmental process. Since the judgment 
operation is irrelevant to the sensory interaction, a cor
rect description of the sensory processes involved in the 
perception of taste substance mixtures can be achieved 
only by a measurement procedure that separates the sen
sory processes from the judgment function. We believe 
that a functional measurement approach in combination 
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with a two-stimulus procedure (Anderson, 1981, 1982) 
is appropriate to achieve this goal. 

The aim of the present experiment was to investigate 
the sensory interaction between two qualitatively similar 
taste substances, with a measurement procedure yielding 
overt responses that are a linear function of the perceived 
taste intensities. Since the psychophysics of taste mixtures 
has rarely been studied with a functional measurement 
procedure (Klitzner, 1975; McBride, 1986), some addi
tional explanation is given first. 

FUNCTIONAL MEASUREMENT AND 
MIXTURES OF TASTE SUBSTANCES 

One of the main features of functional measurement is 
the use of factorial designs as a tool for the evaluation 
of the form of the judgment function (Anderson, 1981). 
For the investigation of mixtures of taste substances, two 
different factorial designs can be constructed: one at a 
physical level and the other at a judgmental level. There 
is a fundamental difference between these two factorial 
designs. 

A physical factorial design does not help to resolve the 
entanglement between sensory interaction and the judg
ment function. In this type of experimental design, 
parallelism in a factorial plot of responses is obtained if 
two conditions are satisfied. The first condition is that the 
two tastants in a mixture contribute in an additive way 
to the total taste intensity of the mixture. The second con
dition is that the judgment function is linear with perceived 
taste intensity. If, and only if, taste additivity holds, 
parallelism in a factorial plot signifies linearity of the judg
ment function. To put it differently, nonparallelism in a 
factorial plot can result from three different causes: 
(1) Tastants used for the mixture composition behave 
nonadditively; (2) responses are not linear with perceived 
taste intensity; or (3) a combination of 1 and 2. The con
tention that a factorial design at a physical level does not 
help to separate sensory interaction from the cognitive 
judgmental operation is based on the logical impossibil
ity of distinguishing among these three causes. 

The use of a factorial design at a judgmental level pre
vents the confounding between sensory interaction and 
the judgmental operation. Such a procedure allows for 
the determination of the shape of the judgment function 
independently from the nature of the sensory interaction 
that occurred. This argument is substantiated below. 

McBride (1982, 1986) applied functional measurement 
to mixtures of taste substances. In a series of five experi
ments he investigated whether sucrose, fructose, and glu
cose in binary mixtures contribute in an additive way to 
the perceived sweetness intensity of those mixtures. 
Figure 1 diagrams McBride's experimental setup. The 
factorial design in these experiments was constructed at 
the physical level; each of a number of concentrations of 
sucrose, fructose, and glucose was mixed with each of 
a number of concentrations of one of the other sugars, 
yielding sucrose-fructose, sucrose-glucose, and fructose-
glucose mixtures. We call this a. factorial mixing design. 
The perceived sweetness intensities of single stimuli, each 
comprising two substances, were rated on a 13-point 
category scale. McBride found that the factorial plots of 
the obtained data in the five experiments did not exhibit 
sets of parallel lines: All plots showed a convergent and 
significant interaction between the two sugars constitut
ing the mixtures. However, due to the nature of this type 
of experimental design, it is logically impossible to 
separate nonparallelism resulting from a nonlinear judg
ment function from nonparallelism resulting from a nonad
ditive sensory integration. As Figure 1 shows, in this type 
of experimental design the judgment function is still con
founded with the sensory processes involved when two 
tastants are mixed. 

Disentanglement of the sensory processes and the judg
mental process can be achieved by a modified experimen
tal setup that makes use of a two-operation model (see 
Anderson, 1974, Table H). This approach was first used 
in taste psychophysics by Klitzner (1975), who inves
tigated whether the preference structure for mixtures of 
apple juice and a bitter substance could be described by 
an additive integration model. Klitzner found that the lines 
in the factorial plots of the responses converged, which 
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Figure 1. Outline of McBride's (1982,1986) experimental setup from a stimirius-organism-response (S-O-R) point 
of view. Each concentration i of substance A is mixed with each concentration j of substance B (i.e., a factorial mix
ing design), resulting in concentration C,ku. The mixture concentration Cm evokes perceived taste intensity Smv 
The judgment function transforms Srtu into the overt response R. 
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means that there was a significant interaction. However, 
as argued above, he was not in a position to decide 
whether this interaction resulted from the taste interac
tion or from a taste-hedonic interaction between the ap
ple juice and the bitter substance. A third possibility would 
be a nonlinear relationship between preference and 
response. To determine the origin of the observed non-
parallelism, he subsequently introduced a second judg
mental step in the psychological model. In a second ex
periment, Klitzner asked subjects to judge the difference 
in preference between two bitter-substance/apple-juice 
mixtures. The parallelism of the lines in the factorial plot 
of the responses in this experiment demonstrated that the 
preference-response function was linear. On the basis of 
this result, Klitzner argued that the interaction in the fac
torial plot in the first experiment had most probably been 
due to a nonadditive taste interaction or to a taste-hedonic 
interaction between apple juice and the bitter substance. 

Two-operation models in psychophysics have been ex
tensively investigated by Birnbaum and colleagues (Birn
baum & Elmasian, 1977; Birnbaum & Meilers, 1978; 
Birnbaum & Veit, 1974; Hagerty & Birnbaum, 1978; 
Meilers, Davis, & Birnbaum, 1984; Veit, 1978). In these 
experiments, a factorial design was not used at a physi
cal level, as it was in McBride's (1982, 1986) experi
ments, but it was used at a judgmental level (i.e., a fac
torial judgment design). The subjects compared the 
sensory impression of each level of the row stimulus with 
the sensory impression of each level of the column stimu
lus. Figure 2 illustrates this type of experimental setup. 
A major advantage of this setup is that parallelism or non-
parallelism in the factorial plot of the data obtained does 
not depend on the underlying sensory processes (includ
ing the psychophysical functions). Parallelism or non-
parallelism in this type of experiment depends on the na

ture of the comparative operation between two sensory 
impressions and also on the form of the judgment func
tion; it cannot depend on sensory interaction, because the 
stimuli used are not compound stimuli. From four studies 
carried out with such a two-stimulus procedure, it was 
concluded that the comparative operation between two 
sensory impressions can be best described by an algebraic 
subtractive rule, even when subjects are instructed to judge 
ratios (Birnbaum & Meilers, 1978; Hagerty & Birnbaum, 
1978; Meilers et al., 1984; Veit, 1978). 

Application of this approach to taste mixtures implies 
that the perceived taste intensity of each of a number of 
concentrations of the row stimulus should be compared 
with the perceived taste intensity of each of a number of 
concentrations of the column stimulus. Because we are 
dealing with taste mixtures, the row and column stimuli 
may consist of mixtures of taste substances, instead of un
mixed tastants. The question then arises of how to deal 
with the physical composition of these mixtures. In most 
experiments, the physical intensity of a stimulus is varied 
in one dimension (e.g., weight in kg, sound pressure in 
N/m2), whereas in mixtures of taste substances there are 
two stimulus dimensions that are being manipulated (i.e., 
the concentrations of each of two substances in a binary 
mixture). This problem can be handled by conceiving of 
a binary mixture of taste stimuli as if it were one particu
lar type of taste stimulus; this was done by Frijters and 
Oude Ophuis (1983), who introduced the concept of the 
equiratio taste substance mixture. An equiratio mixture 
type was defined as a series of taste substance mixtures 
in each of which the ratio of the components is constant. 
Frijters and Oude Ophuis showed that a psychophysical 
function of an equiratio mixture type can be experimen
tally determined in the same way as such a function for 
a single substance. The measure of physical intensity of 
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Figure 2. Outline of the present experimental setup from a stimulus-organism-response (S-O-R) point of view. Concentration i of sub
stance A is mixed with concentration j of substance B, resulting In mixture concentration Caby. Mixing of k of A and / of B results in 
mixture concentration Cab»/. Both equiratio mixtures (i.e., ilj = constant and kll = constant) and single substances (i.e., either j or j = 0 
or k or / = 0) were used. The concentrations C.by and Cabw evoke perceived taste intensities Sab*/ and Sab*/, respectively. If toe compara
tive opération between two perceived taste intensities can be represented by an algebraic difference function, then the integrated impres
sion r resembles the perceived difference between Sab« and S,btl. Each S.bV is compared with each S.b.i (i.e., a factorial judgment design). 
The judgment function transforms r into the overt response R. 
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a mixture is the total concentration of the mixture (i.e., 
the sum of the concentrations of the mixture's compo
nents). Figure 2 diagrams the present approach to the 
psychophysics of taste mixtures. A complete factorial de
sign in such an experiment consists of a comparison of 
the perceived taste intensity of each level of a mixture 
having concentration i of substance A and concentration j 
of substance B (Cb«) with the perceived taste intensity 
of each level having concentration k of substance A and 
concentration / of substance B (Cm). 

To draw a logically sound conclusion about the sen
sory interaction between two taste substances, we must 
compare the perceived taste intensities of the mixture with 
the perceived taste intensities of the mixture's unmixed 
components. For that reason, concentrations of the sin
gle substances (i.e., either i' or y = 0, or k or / = 0) also 
have to be incorporated in the factorial judgment design. 
The experimental setup in the preseri study consisted of 
a series of factorial designs, in each of which the perceived 
taste intensity of each of a number of mixtures was com
pared with the perceived taste intensity of each of a num
ber of concentrations of an unmixed substance. 

If it is assumed that the comparative operation between 
two perceived taste intensities follows a subtractive rule, 
then parallelism in the factorial plot of the obtained 
responses implies that the judgment function is linear with 
sweetness differences. If this is the case, it is possible to 
obtain scale values for the perceived intensities of mix
tures of taste substances (or single substances) on linear 
scales, and psychophysical functions can be constructed 
subsequently. 

METHOD 

Subjects 
Twelve paid volunteers were used, 10 women and 2 men, rang

ing in age from 18 to 25 years. All subjects were graduate or under
graduate students from the Agricultural University. Most of the sub
jects had had previous experience with psychophysical tasks, but 
all were naive with respect to the substances used and the purpose 
of the study. 

Stimuli 
The stimuli were solutions of glucose (Merck: 15639), fructose 

(Merck: 5321), and three equiratio mixture types in demineralized 
water. The equiratio mixture types comprised mixtures containing 

three times as much glucose as fructose (GluFru 0.75/0.25), mix
tures with an equal concentration of both substances (GluFru 
0.50/0.50), and mixtures containing three times as much fructose 
as glucose (GluFru 0.25/0.75). Solutions were prepared at least 24 h 
before tasting and stored for no longer than 5 days at 4°C. The 
concentrations used were the same for each of the five stimulus 
types: 0.000 (water), 0.125,0.25,0.50,1.00, and 2.00 M. Water 
and 2.50-M fructose served as the reference pair. 

Glucose, GluFru 0.75/0.25, GluFru 0.50/0.50, GluFru 0.25/0.75, 
and fructose were all compared with glucose in nine separate 6 (con
centrations of the first stimulus) x 6 (concentrations of the second 
stimulus) factorial designs. In four factorial designs glucose served 
as the first stimulus and either fructose or one of the three equi
ratio mixtiire types was the second stimulus, in four other designs 
the converse sequence was used, and in one design both the first 
and second stimulus contained glucose only. 

Procedure 
The subjects were instructed to judge the magnitude of the differ

ence in perceived sweetness intensity between the first and second 
stimulus within each pair. The instructions emphasized that only 
the sweetness intensity was to be judged, and that both the hedonic 
value and side tastes were to be disregarded. The judgments were 
to be expressed by a slash mark on a 250-mm symmetric scale (see 
Figure 3), of which the middle (having the assigned value of 125) 
was defined as "the first and second stimulus are equal in sweet
ness intensity" (no difference). When the second stimulus was per
ceived as sweeter than the first stimulus, the subjects were to mark 
a slash on the right-hand side of the scale. When the first stimulus 
was perceived as sweeter than the second, the subjects were to mark 
a slash on the left-hand side of the scale. In the instructions, the 
term maximum difference was defined as the difference between 
the perceived sweetness intensities of the stimuli within the refer
ence pair (water as the first stimulus and a 2.5-M fructose solution 
as the second stimulus). The difference in this pair was expected 
to be larger than the difference in any other pair to be judged in 
the experiment. 

The subjects were requested to rinse their mouths thoroughly with 
demineralized water both between the two stimuli within a pair and 
between pairs. The stimuli were presented at room temperature in 
polystyrene medicine cups, each cup containing about 10 ml of so
lution. Each factorial design was composed of 36 (6 X 6) pairs, 
presented in a random sequence and in a different order for each 
subject. The reference pair was presented at the beginning of each 
session and again after the 12th and 24th pair of a series. In a pilot 
study, it had been determined that a time interval of 50 sec between 
the first and second stimulus of a pair was sufficient to prevent adap
tation. The time interval between pairs was also 50 sec. Each of 
the nine series of 36 pairs was tasted three times by each subject. 

Difference in sweetness intensity between first and second stimulus 

. First is sweeter than second Second is sweeter than first 
First and second 
are equally sweet 

Maximum 
difference 

Maximum 
difference 

Figure 3. The 250-mm rating scale (shown at 50.8%) used by subjects to assess the difference in perceived sweet
ness intensity between the first and second stimulus within a pair. The responses were measured as the distance 
in millimeters from the left anchor of the scale. Thus, the left anchor of the scale is 0 (mm), the middle of the scale 
(implying no difference in sweetness intensity between the first and second stimulus) is 125 (mm), and the right an
chor of the scale is 250 (mm). 
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The order of presentation of the various series was randomized. 
In each session, one series of 36 pairs was judged by each subject, 
so it took each subject 27 sessions to complete the experiment. 

RESULTS 

To draw conclusions about the sensory interaction be
tween glucose and fructose, it is necessary to derive one 
scale value for each stimulus tasted. This scale value 
should represent the perceived sweetness intensity on a 
linear scale. However, before these scale values can be 
calculated, it must be determined whether or not the judg
ment function i« linear. 

The Judgment Function 
The subjects were instructed to judge the difference be

tween the perceived taste intensities within each pair of 
stimuli. If it is assumed that subjects have indeed judged 
a difference (i.e., r = S«bU — Sab«; see Figure 2), 
parallelism in a factorial plot implies that the response 
function is linear with the perceived difference (i.e., 
R = a+br). The term factorial plot refers to a plot of 
reported differences (not of the perceived taste intensi
ties themselves) against the concentration of the second 
stimulus with a separate curve for each concentration of 
the first stimulus. 

Because individuals may vary in their (linear or non
linear) judgment functions, or in their comparative oper
ations (which may or may not be subtractive), we first 
performed individual analyses. To test whether parallelism 
was actually obtained, an analysis of variance was car
ried out for each subject and each type of design (i.e., 
12 x 9 = 108 analyses). The measure of the degree of 
nonparallelism, that is, the row x column interaction, was 
tested for statistical significance, with the row x column 
x replicate interaction as error term. Two subjects 
showed significant row x column interactions at the 
p < .01 level [F(25,50) > 2.12] in two or more of their 
nine response matrices. Apparently, either these subjects 
had nonlinear response functions or their comparative 
operations were not subtractive. The data derived from 
these subjects were excluded from further data analyses. 
In the analyses of the 10 remaining subjects, no signifi
cant interactions at the p < .01 level were obtained. 

After these individual analyses, the responses for each 
pair were averaged across the three replicates and the 10 
subjects. Figure 4 shows the arithmetic mean of the re
sponses to each pair for each of the nine factorial designs. 
Analyses of variance for each of the nine response ma
trices showed no significant row x column interactions 
(see upper left part of each panel in Figure 4). The error 
term for this interaction in these group analyses was the 
row x column x subject interaction. The six curves 
within each of the nine panels show no systematic devia
tions from parallelism; therefore, it can be concluded that 
the responses are linear with sweetness differences. 

It should be noted that, in principle, parallelism in a 
factorial plot can also be obtained by a nonsubtractive 

comparative operation in combination with a nonlinear 
judgment function, for example, a ratio operation in com
bination with a logarithmic judgment function (Birnbaum, 
1982). It is logically impossible to decide from the data 
which combination of comparative operation and judg
ment function is used; this is the problem of "monotonie 
indeterminacy" (Anderson, 1974). However, consider
ing that the subjects were explicitly instructed to make 
difference judgments, and in view of a substantial body 
of empirical evidence supporting a difference operation 
(Birnbaum & Meilers, 1978; Hagerty & Birnbaum, 1978; 
Meilers et al., 1984; Veit, 1978), it is likely that the ob
served parallelism in the present experiment resulted from 
the use of difference judgments in combination with linear 
judgment functions. 

Scale Values of Perceived Sweetness Intensity 
The observed parallelism also implies that the margi

nal means of the row (first) and column (second) stimuli 
are valid estimates of the sweetness intensities of the cor
responding row and column concentrations on linear 
scales (Anderson, 1981). As water was incorporated in 
each of the series of row and column stimuli, the scale 
value of water can be used as a conventional point of refer
ence. The perceived sweetness intensity of each stimulus 
can then be defined as the distance between the scale value 
of that stimulus and the scale value of water. For practi
cal purposes, the scale value of water was set equal to 
zero. If it is assumed that water lacks a sweet taste, then 
this point might be treated as an absolute zero point for 
the scale of perceived sweetness intensity, implying that 
the derived scale is a ratio scale. However, it appears that 
additional evidence is required before we can claim that 
the developed scale does indeed have ratio scale 
properties. 

Table 1 shows, for illustrative purposes, the derivation 
of scale values for sweetness intensity for the fructose-
glucose factorial judgment design. Each factorial design 
yielded two marginal means for water—one for water as 
the first stimulus in a pair, and one for water as the sec
ond stimulus. The scale values for each of the sugar-
containing row stimuli were determined by calculating the 
difference between their respective marginal means and 
the marginal mean of water in that same design. The scale 
values of the column stimuli were determined in a simi
lar way. These calculations yielded 10 sets of scale values 
for glucose—5 sets for glucose as the first stimulus (of 
each pair) and S sets for glucose as the second stimulus 
(of each pair). For fructose and each of the three equi-
ratio mixture types, two sets of scale values were 
derived—one set for each stimulus when presented as the 
first stimulus, and one set for each stimulus when 
presented as the second stimulus. The scale values for each 
row (first) stimulus were virtually identical to the scale 
values for the same stimulus when it was used as column 
(second) stimulus. This result indicates an absence of 
order effects. 

The conclusion that there were no order effects can also 
be reached through another line of reasoning. Each stimu-
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0 0250 1000 2.000 0 0250 1000 2000 0 0250 1000 2000 
concentration second stimulus (M) 

Figure 4. Mean reported judgment of difference in perceived sweetness intensity between the first and second stimulus within a pair. 
Each panel represents a différent factorial judgment design. The substances used and the F ratio for the row (first) x column (second) 
interaction are given in the upper left part of each panel. 
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Table 1 
Derivation of Ratio Scale Values of Perceived Sweetness Intensity 

Concentration (M) 

Stimulus (Fructose) 

o.poo 
0.125 
0.250 
0.500 
1.000 
2.000 

Marginal mean 
second stimulus 

Distance to scale 
value of water 

Concentration (M) of the Second Stimulus (Glucose) 

0.000 

125.37 
110.10 
94.53 
71.30 
31.87 
9.87 

73.84 

0.00 

0.125 

129.27 
115.33 
96.13 
71.63 
36.63 
16.07 

77.51 

3.67 

0.250 

137.93 
122.90 
107.57 
75.93 
41.53 
20.07 

84.32 

10.49 

0.500 

154.70 
140.73 
124.60 
90.53 
55.20 
38.03 

100.63 

26.79 

1.000 

183.60 
173.37 
151.03 
128.33 
95.47 
64.07 

132.64 

58.80 

2.000 

223.33 
215.90 
199.17 
171.87 
131.97 
113.33 

175.93 

102.09 

Marginal 
Mean First 

Stimulus 

159.03 
146.39 
128.84 
101.60 
65.44 
43.75 

Distance to 

of Water 

0.00 
12.64 
30.19 
57.30 
93.59 

115.46 

Note—The figures in the response matrix represent the mean reported difference between the first (row) 
stimulus and second (column) stimulus within each pair of the fructose(firsf)-glucose(second) factorial judg
ment design. 

lus was presented the same number of times as the first 
and as the second stimulus. Without an order effect, the 
overall arithmetic mean of the responses should be 125 
(i.e., the middle of the scale). If the first stimulus had 
a greater weight than the second stimulus in determining 
the response, the overall mean would be lower than 125. 
Similarly, if the second stimulus had a greater weight, 
the overall mean would be higher than 125. The means 
(averaged over 9 x 36 x 3 = 972 responses) for each 
of the 10 subjects were 126.0,123.1,124.0, 127.0,125.4, 
125.2, 126.8, 126.5, 126.7, and 125.6. The value of the 
standard errors of the means is about 2, so none of these 
values deviates significantly from 125. Therefore, it can 
be safely concluded that no order effects occurred. 

The final scale value for each stimulus was obtained 
by calculating the arithmetic mean of the scale value(s) 
for that stimulus when tasted first and the scale value(s) 
ofthat stimulus when tasted second. The final scale values 
of each stimulus are shown in Figure 5. 

Bogartz (1980) proposed an analysis of variance proce
dure to test whether the row psychophysical function is 
the same as the column psychophysical function. How-

S 120 

t 100-

=glucose 
= glu/fru 075/0.25 
= glu/fru 050/050 
= glu/fru 025/075 
= fructose 

0125 0250 0500 1000 2000 
concentration (M) 

Figure 5. Scale values of the differences in perceived sweetness 
intensity between water and glucose, fructose, and the three equiratio 
mixture types. 

ever, this test can be applied only to designs in which the 
series of row stimuli and the series of column stimuli are 
the same. In the present study, this was the case for the 
glucose-glucose design only. Using a second-order poly
nomial function as an approximation of the unknown 
psychophysical function (Bogartz, 1980), we performed 
an analysis of variance on the means of the overt responses 
for the glucose-glucose design. No difference was found 
between the psychophysical function for glucose tasted 
first (row) and the psychophysical function for glucose 
tasted second (column) [F(2,31) = 0.81, p > .5]. This 
provides additional justification for averaging the scale 
values of the row and column stimuli. 

Comparison With Matching Data 
The reliability (not the validity) of the present data was 

verified through comparison of the present data with data 
on glucose-fructose mixtures obtained by matching in an 
earlier experiment (De Graaf & Frijters, 1986). In that 
experiment, fructose, GluFru 0.75/0.25, GluFru 
0.50/0.50, and GluFru 0.25/0.75 were matched in per
ceived sweetness intensity to 0.125-, 0.25-, 0.50-, 1.00-, 
and 2.00-M glucose, using the method of constant stimuli. 
These data were shown to be accurate: the points of sub
jective equality (PSEs) in 10 control experiments had a 
mean absolute error of 0.64%. 

The PSEs in the present experiment were calculated as 
follows. For fructose, GluFru 0.25/0.75, GluFru 
0.50/0.50, and GluFru 0.75/0.25, second-order poly
nomial regression equations were fitted with ̂ (concen
tration) and Pog(concentration)]2 as independent variables 
and the log of the final scale values as a dependent vari
able. All fitted functions had an R2 of 0.9998 or higher, 
and were monotone with the relevant domain. The ob
tained equations were set equal to the log of the five scale 
values of glucose concentrations, and the resulting quad
ratic equations were resolved for the log of the required 
concentration. 

Table 2 shows that the PSEs determined from the 
present data have an average absolute deviation of about 
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Table 2 
Comparison of Points of Subjective Equality (PSEs) Determined Using the Method of Constant Stimuli* 

and PSEs Calculated From the Data of the Present Study 

Concentration of 
Glucose (M) 

0.125 
0.125 
0.125 
0.125 

0.250 
0.250 
0.250 
0.250 

0.500 
0.500 
0.500 
0.500 

1.000 
1.000 
1.000 
1.000 

2.000 
2.000 
2.000 
2.000 

Type of 
Comparison Stimulus 

Fructose 
GluFru 0.25/0.75 
GluFru 0.50/0.50 
GluFru 0.75/0.25 

Fructose 
GluFru 0.25/0.75 
GluFru 0.50/0.50 
GluFru 0.75/0.25 

Fructose 
GluFru 0.25/0.75 
GluFru 0.50/0.50 
GluFru 0.75/0.25 

Fructose 
GluFru 0.25/0.75 
GluFru 0.50/0.50 
GluFru 0.75/0.25 

Fructose 
GluFru 0.25/0.75 
GluFru 0.50/0.50 
GluFru 0.75/0.25 

PSE Determined 
From Matching (M) 

0.0485 
0.0540 
0.0650 
0.0873 

0.1027 
0.1206 
0.1439 
0.1817 

0.2374 
0.2682 
0.3118 
0.3639 

0.5790 
0.5928 
0.6550 
0.7729 

1.3828 
1.4007 
1.4552 
1.6310 

PSE Determined From 
Present Data (M) 

0.0480 
0.0558 
0.0666 
0.0772 

0.1038 
0.1298 
0.1486 
0.1739 

0.2275 
0.2594 
0.2862 
0.3308 

0.5266 
0.6013 
0.6350 
0.7221 

1.3038 
1.4587 
1.4841 
1.6506 

Difference in % 
PaEmatching PSfcpresent 

PM^matchins 

-1 .0 
+3.3 
+2.5 

-11.6 

+ 1.0 
+7.6 
+3.2 
-4 .3 

-4.0 
-3 .3 

-10.8 
-9 .1 

-9.1 
+ 1.4 
-3 .1 
-6.5 

-5.7 
+4.1 
+ 1.9 
+ 1.2 

Mean absolute deviation: 4.7 

»From De Graaf and Frijters (1986). 

5% from the PSEs determined from the matching data. 
There appears to be no systematic deviation; nearly half 
of the PSEs estimated from the present study are higher 
than those obtained from matching, and half are lower. 
The greatest deviation is — 11.6 %, which is less than one 
JND. 

It should be borne in mind that the present psychophysi
cal functions were established on the basis of the assump
tion that the scale value of water can be used as a con
ventional point of reference that can be set equal to zero. 
If this assumption were incorrect (e.g., if water evoked 
a different sensory impression when compared to glucose 
than when compared to fructose), systematic deviations 
between the two sets of PSEs would have resulted. Be
cause there are no such deviations, the data of Table 2 
support the validity of the assumption that water represents 
a meaningful zeropoint. 

Sensory Interaction Between 
Glucose and Fructose 

As Figure 5 shows, the scale values of equiratio mix
tures lie in between the scale values of equimolar con
centrations of unmixed glucose and unmixed fructose. 
Thus, the sweetness intensity of a particular mixture of 
glucose and fructose does not exceed the sweetness in
tensity of an equimolar concentration of fructose, nor is 
it less than the sweetness intensity of an equimolar con
centration of glucose. When the proportion of fructose 
in a mixture increases, the scale value of the mixture ap
proaches the scale value of an equimolar concentration 

of fructose. Similarly, when the proportion of glucose in 
a mixture increases, the scale value of the mixture ap
proaches the scale value of an equimolar concentration 
of glucose. 

DISCUSSION 

The similarity of the present data, obtained by direct 
scaling, to the data obtained by matching (De Graaf & 
Frijters, 1986) shows that the scaling approach proposed 
in this study results in reliable estimates of perceived 
sweetness intensity. In addition, the present methodology 
provides a means of separating the sensory processes in
volved when mixing two testants from the judgmental 
process. It makes possible an unbiased description of the 
sensory interaction between glucose and fructose. 

The Sensory Interaction Between 
Glucose and Fructose 

One conclusion to be drawn from the present results 
is that the psychophysical functions of equiratio mixtures 
of glucose and fructose lie in between the psychophysi
cal functions of unmixed glucose and fructose. When the 
proportion of fructose in a fructose-glucose mixture in
creases, the behavior of the mixture approaches the be
havior of fructose. Similarly, when the proportion of glu
cose in such a mixture increases, the behavior of the 
mixture becomes more like that of glucose. Thus, the 
values of the parameters of the psychophysical functions 
of equiratio mixtures of glucose and fructose (irrespec-
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tive of their forms) lie in between the values of the 
parameters of the psychophysical functions of unmixed 
glucose and fructose. This conclusion confirms the results 
of Frijters and Oude Ophuis (1983), who used the same 
stimuli but used magnitude estimation as the scaling 
method. 

The nature of the taste interaction between two taste 
substances is usually characterized in terms of suppres
sion, addition, and synergism, meaning, respectively, that 
the perceived taste intensity of a mixture is less than, equal 
to, or greater than the sum of the intensities of the un
mixed components (e.g., Stone & Oliver, 1969; van der 
Heyden, Brussel, Heidema, Kosmeyer, & Peer, 1983; 
Yamaguchi, Yoshikawa, Dceda, & Ninomiya, 1970). As 
Frijters (in press) noted, a description of the taste inter
action in these terms requires that the perceived taste in
tensities be assessed on a ratio scale. Some investigators 
hold the view that the type of sensory interaction is an 
attribute of the components used for mixture composition. 
We do not share this view. Following Bartoshuk (1975, 
1977), we take the position that the type of sensory inter
action that occurs is dependent on the shape of the psycho
physical functions of the mixture's constituents. However, 
knowing the magnitude of the exponent of these functions, 
which is often thought to give an adequate description of 
the form of the psychophysical function, is insufficient 
for predicting the type of taste interaction that will oc
cur. Assuming that the present scale values resemble per
ceived sweetness intensities on a ratio scale, it would be 
concluded that at the low sweetness levels used in this ex
periment, glucose and fructose show synergism when 
mixed. A 0.125-M glucose solution has a sweetness in
tensity of about 3 units (see Figure 5), a 0.125-M fruc
tose solution has a perceived sweetness intensity of 
14 units, and a mixture of both concentrations (i.e., 
0.25 M of the GluFru 0.50/0.50 mixture) has a sweet
ness intensity of 25 units (25 > 3 +14). At intermediate 
levels, it would be concluded that addition takes place. 
A 0.50-M glucose solution is 30 units sweet, a 0.50-M 
fructose solution is 61 units sweet, and a mixture of these 
concentrations (i.e., 1.00 M of the GluFru 0.50/0.50 mix
ture) is 88 units sweet, which is almost equal to the sum 
of the intensities of the unmixed components 
(30+61 = 91). At high intensities, it would be concluded 
that glucose and fructose suppress each other, because the 
sweetness intensity of a mixture of 1.00-M glucose and 
1.00-M fructose (i.e., 2.00 M of the GluFru 0.50/0.50 
mixture) is 114 units, which is less than the sum of the 
intensities of the unmixed components (1.00-M glucose 
is 64 units sweet, and 1.00-M fructose is 90 units sweet). 
The kind of taste interaction is evidently related to the 
forms and local steepnesses of the psychophysical func
tions of glucose and fructose. These are positively acceler
ating at low concentrations and negatively accelerating 
at high concentrations. 

The conclusion that glucose and fructose show syner
gism at low sweetness levels is not in line with the results 
of McBride (1986), who concluded that glucose and fruc
tose show additivity at low sweetness levels. However, 

McBride did not present unmixed glucose and fructose; 
he presented only mixtures. Therefore, in his study, the 
perceived taste intensity of a mixture could not be com
pared with the sum of the perceived taste intensities of 
the mixture's components outside the mixture. McBride's 
results therefore suggest an additive increment in sweet
ness intensity when the concentration of one of the two 
substances in the mixture is increased, at low sweetness 
levels only. 

Sensory Interaction in General 
The sweetness intensity of glucose-fructose mixtures al

ways lies in between the sweetness intensities of equimolar 
concentrations of the unmixed components. This has also 
been observed for sucrose-sorbitol mixtures (Frijters 
et al., 1984) and mixtures of L-ascorbic acid and itaconic 
acid (Frijters & Stevens, 1986). The same rule appears 
to apply for a host of pairs of sugars (De Graaf & Frij
ters, 1987). Interpretation of these findings suggests a 
general rule applicable to binary mixtures of substances 
with similar tastes: The taste intensity of any mixture of 
A and B having a particular molarity lies in between the 
taste intensities of the components A and B, each having 
the same molarity as that of the mixture. This rule, sug
gested earlier by De Graaf and Frijters (1987), is in con
trast to McBride's (1986) notion that the sweetness in
tensity of sucrose-fructose mixtures may exceed the 
highest intensity of the unmixed components. His claim 
is based on the use of weight/volume as the measure of 
concentration. When McBride's comparison of the 
psychophysical functions of sucrose, fructose, and the 
sucrose-fructose equiratio mixture are replotted with 
molarity as the measure of concentration, this appears not 
to be the case. We hold the view that comparisons should 
be made on the basis of molarity, not percentage of 
weight/volume, because molecules are the basic units for 
elicitation of a taste response. 

Conclusion 
Functional measurement in combination with the use 

of equiratio mixtures and a two-stimulus procedure pro
vides a means of separating the sensory processes involved 
when mixing two taste substances from the judgmental 
process. In the present experiment, this methodology was 
used to derive psychophysical functions for glucose, fruc
tose, and three equiratio mixture types of the two. The 
results confirm earlier findings that the taste intensity of 
a mixture of similar-tasting substances lies in between the 
intensities of the components when the concentration of 
the mixture and the concentrations of the components (out
side the mixture) are the same. 
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CHAPTER SIX 

ASSESSMENT OF THE TASTE INTERACTION BETWEEN TWO QUALITATIVELY 
SIMILAR TASTING SUBSTANCES: A COMPARISON BETWEEN 

COMPARISON RULES 

Cees De Graaf and Jan E.R. Fr i j ters 

Manuscript accepted for publication in Journal of Experimental 
Psychology: Human Perception and Performance 

ABSTRACT The t as te interaction between sucrose and f ructose was 
assessed using three different comparison procedures; the 
Bummated response comparison, the factorial plot comparison, and 
the equimolar comparison rule. The perceived sweetness 
intensities were obtained on a rat io scale using a functional 
measurement approach in combination with a two stimulus 
procedure. The conclusions obtained from each of the three 
comparison rulss were identical. The t as te interaction between 
sucrose and f ructose could be explained to a large extent , but 
not completely, by the apparent tas te "interactions" within 
eucrose and f ructose as single substances. It is argued that the 
apparent tas te " interaction" within a large number of single 
eugars, and the taete interaction between two of these sugars in 
a mixture is a l i t t le synergistically a t low sweetness levels, 
additive at intermediate sweetness levels, and supprsssivs at 
high sweetnees levels. 
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INTRODUCTION 

There a r e t w o r easons why é tud ies o f t a s t e m ix tu re phenomena 

a r e c a r r i e d ou t . The f i r s t i s a p rac t i ca l one. Food s c i e n t i e t s 

nowadays s u b s t i t u t e t rad i t iona l t a e t a n t s by compounds which 

supposedly have more des i rable c h a r a c t e r i s t i c s f r om t h e po int o f 

v iew o f f o o d p roduc t ion o r market ing. For example, euc roee ie 

s u b s t i t u t e d by aspa r tame in e o f t dr inks t o ob ta in a b e v e r a g e o f 

low ca lor ic con ten t . In t h e te rmino logy o f f o o d sc ience t w o 

compounds behave eynerg is t i ca l l y , addi t ive ly o r s u p p r e s s i v e s , 

r e e p e c t i v e l y , i f a b inary m ix tu re o f t h e s e t a e t a n t s conta ins a 

smal ler, an equal o r a l a rge r amount o f subs tance than an unmixed 

compound o f t h e same t a s t e i n tene i ty (Homier, 1984). For example, 

euppose t h a t x mol /L o f s w s e t e n e r A and y_ mol/L o f eubetance B 

have t he eame s w e e t n e s s in tene i t ies . Two subs tances show addi t ion 

i f a m ix tu re containing p_ t imee A and (1 - Q) t imes ( 0 < p < 1) 

has t he eame swee tneee in tene i ty as t h e unmixed compounds. If 

l ess subs tance is needed t o e l ic i t t he same swee tneee i n tene i t y , 

i.e., t he m ix tu re conta ins I S B B than p_ t imes A and /o r l ess than 

(1 - g) t imes B, t h e components in t he m ix tu re a r e supposed t o 

behave synerg is t i ca l l y . Thie def in i t ion o f a t a s t e i n t e rac t i on in 

m ix tu res e v o l v e s f r o m st imulus s u b s t i t u t i o n , and is c u r ren t l y 

used in t he f o o d i ndus t ry . I t can be found in a l a rge number o f 

e tud iss on t h e industr ia l appl icat ion o f t a s t a n t m ix tu res . As 

t h e s e é tud iée w e r e n o t aimed a t t h e s t udy o f pe rcep tua l phenomsna 

in t a s t e subs tance m ix tu res ae such, we will no t d iscuss in t h i s 

a r t i c l e t h e ru lee used f o r a sssssmen t o f t a e t e i n te rac t i on in t h e 

induet ry . 

The second r eaeon f o r e tudy ing t a e t e m ix tu re i n te rac t i one i s 

t h a t understanding t h e behaviour o f t w o compounds in a m i x tu rs 

can help t o c la r i f y pe rcep tua l and s e n s o r y physiological 

mschanisms of. t h e modal i ty o f t a s t e . Two t a e t e subs tancee can 

i n t e r a c t a t va r ious leve ls in t h e t raneduc t ion p r o c e s s , f o r 

ins tancs a t a physical-chemical level in t h e so lu t ion , a t t h s 

pe r i phe ry o f t h e t a e t e eenss where moleculee o f t h e componente o f 
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the mixture can compete for adsorption at the same receptor 

s i tes, at a peripheral neural level, or at a central level. 

However, before the relevance of t as te intsraction phenomena for 

these issues can be addressed properly, i t must f i r s t be clear 

how the taete interaction in mixtures can be asseeeed. Thie is 

the background of the present paper. 

One problem in the psychophysical t as te mixture l i terature 

is the inconsistency of use of terminology for describing tas te 

mixture interactions (Fri j ters, in prees). It is o f ten unclear ae 

t o what rule or reasoning is being used t o conclude that a 

certain mixture interaction has occurred in a particular 

instance. Currsntly there are three comparieon rules is use, 

i l lustrated in Figure 1, panels A and B. 

The summated comparison rule 

With the most frequently used procedure, called the summated 

response comparison CDs Graaf & Fr i j ters . 1987) (Figure 1, panel 

A), the taete interaction ie inferred from the comparieon of the 

perceived taBte inteneity of the mixture (Rab*&) with the sum of 

the perceived t as te inteneitise of i te componente (Ra*. Rb*) when 

taeted independently (Curtis. Stevens & Lawless, 1984-; Hyvönen. 

1980; Moekowitz, 1973, 1974a. 1974b; Stone & Oliver, 1969; Stone, 

Oliver & Kloehn, 1969; Yamaguchi. Yoshikawa, Ikeda & Ninomiya, 

1970b). In this case, the t as ts intsraction is usually described 

in terms of either suppression, addition, or synergism, where 

(Robs* < Raa. + Rbjt), (Rata* = Ra* + Rb*). and (Rabaa. > Ra* + Rb*). 

respectively. 

Bartoehuk (1975, 1977) and Bartoshuk & Cleveland (1977) 

demonstratsd that the nature of the interaction that occure 

according to the summated response comparison rule depends on the 

forms of ths psychophysical functions of ths rnixture'e 

components. If the functions ars compressing suppression occurs 

and when both functions are expanding synergism will occur. 

However, explanation of the t as te interaction between two 
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taste intensity 

Rax+Rb« 

"objUL 

C i 
RgbV,n 'fo 

R„, 

=t> = summa tea" response comparison 
—* = equimolar comparison 

concentration 
substance B 
[mot/LI 

total concentration (mol/L) concentration of substance A (mol/L) 

Figure 1. Illustration of three d i f ferent procedures for the 
assessment of the t a s t e interaction between two tas te substances . 

Panel A shows hypothetical psychophysical functions for 
substance A, substance B, and the AB . 50 / .50 equiratio mixture 
type. Using the 'summated response comparison rule' , the response 
to a mixture containing x mol of A, and x mol of B (= Rabsx) is 
compared to the sum of the responses to the mixture's components 
when tas ted alone (= Rajt + Rt>*). Using the 'equimolar comparison 
rule' , the r esponses t o the mixture and the single compounds a r e 
compared at those concentrat ions, where each of the single 
compounds and the mixture have equal total molarities. Thus, the 
responses Ran. and Rb*. are not compared to Rat>x&, but to 
Rgbi/2üi/2a. i .e., the response to a mixture containing 
a 1/2 x mol of A, and a 1/2 x mol of B. 

Panel B plots s ensory response as a function of the 
concentration of substance A with a s eparate c u rve for each of 
two concentrations of substance B (y_ and 2y_ in this example). It 
should be noted that in panel B, the x -axis r epresent s the 
concentration of substance A, whereas in panel A, the x-axis 
r epresents the total concentration. The 'factorial plot 
comparison' invest igates how the increment in t a s te intensity, 
due to the addition of a particular concentration of substance B 
(from y_ to 2y_ in this example) to an AB mixture, v ar i e s o v e r 
d i f ferent l eve l s of substance A (x and 2x in this example). Thus, 
(RabaZ*. - Bab**) is Compared to (Rab2*2*. - Rab2**). 

qualitatively similar t as te substances on the basis of the slopes 

of the psychophysical functions does not separate the tas te 

interaction betwsen ths two t a s t s substances from the apparent 

t as te "interaction" within the single components themselves. For 
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example, if a particular tas te substance has a compressing 

psychophysical function, then the apparent t as te "interaction" of 

that t as te substance with i tself is suppressive. This example is 

i l lustrated in Figure 1, panel A. If concentration x of substance 

B with an intensity of Rb* is added t o i teelf, the inteneity of 

the mixture containing 2x Mol/L of B becomes Rb2a, This is less 

than (Rb* + Rb*)- If two tas te eubetancee are mixed inetead of 

adding more of one t o iteelf and each has a compreeeive 

psychophysical function, suppression will also occur, according 

to Bartoshuk. Howsver, from this finding i t cannot be concluded 

that suppression is entirely the reeult of the propert ies of the 

substances that are mixed. It only indicatee that the taete 

interaction between theee two eubetancee ie the same as the 

apparent tae te "interaction" that would have occurred within each 

of these substances. A description of the epecific taete 

interaction between two eubetancee can only be obtained by 

separating i t from the apparent t as te "interactione" within the 

substances. Disentanglement of the t as te interaction between and 

apparent taete "interactione" within t as te eubetancee can be 

achieved. The nature and magnitude of the t as te interaction 

between eubetancee muet be compared with the nature and magnitude 

of the apparent t as te "interactions" within substances. 

As already noted by Fr i j ters (in press) and De Graaf. 

Fr i j tere & Van Trijp (1987). application of the summated 

comparison rule requiree that the perceived taete inteneitiee are 

assessed on a rat io scale. Another requirement ie that the 

concentratione of the components in the mixture are identical t o 

the concentrations of the components tas ted separately outeide 

the mixture. 

The factorial plot comparison rule 

McBride (1986) introduced another method for the aeeeesment of 

t as te interactions. This method is based on the principle of 

factorial plot comparison (Figure 1. panel B). originating from 
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the theory of information integration (Andereon, 1981, 1982). The 

nature of the t as te interaction ie inferred from the pat tern of 

lines in a factorial plot. This is a plot of t as te intensity as 

a function of concentration level of one component with a 

separate curve fo r each concentration of ths other component. If 

the lines in such a plot divsrge, i.e.. (Rab2s2* - Rab2*t) > (R»b*2x 

- Rab&fc). synergism occurs. If ths linss run parallel, i.e., 

(Rab2a2* - Rab2a*) = (R»bs2*. - Rob**), addition takes placB, and if 

the lines show a convsrgent pa t ts rn , i.s., (Rob2*2x - Rab2xx) < 

(R»ba2*. - Raba*), two t as te eubstancee suppreee each other. With 

respect t o the separation of t a s t s interaction betwesn and the 

apparent t as te "interactions" within substances, ths same applies as 

in ths case of the summatsd response comparison. In order t o draw a 

proper conclusion about the specific t as te interaction between two 

substances, this interaction must be compared with the apparent 

t as t s " interaction" within each of the single substances. Assessing 

the apparent t as te " interaction" within a eingle substance can be 

achieved by conceiving a single compound solution as a mixture of 

that substance with i tself , and subsequently conetructing a 

factorial plot fo r that substance. Such a plot is obtained by 

plotting the taete intensity of that ' substance as a function of i t s 

concsntration with a separate curve fo r each of a number of 

concsntrations of ths same substance. This procedure ie equivalent 

t o replacing each concentration of substance B by another 

concentration of substance A, ae i l lustrated in Figure 1, panel B. 

An advantage of McBride's approach over the summated reeponse 

comparieon is that the t as te intensities need not t o be measured 

on a ra t io scale. An interval scale suffices. 

Using the factorial plot comparison fo r ths assessmsnt of ths 

t as te intsraction implies that mixturee must be physically 

composed according t o a factorial mixing design (De Graaf, e t al., 

1987, McBride. 1986), where each of a number of concentrations of 

one component ie mixed with each of a numbsr of concsntrations of 

ths other componsnt. This msthod of prsparing mixtures allows fo r 

post-experimental analysis of the pat tern in a factorial plot of 
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tas te intensities. 

The equimolar comparison rule 

The third procedure fo r comparing the intensities of mixtures 

and single componente is called the equimolar comparison (De Graaf & 

Fr i j ters, 1987). As the name implies, the t as te intsneity of the 

mixture is compared with the intensities of the single componente, 

where the concentrations of the single componsnts and the to ta l 

concentration of the mixture have equal molarities. As can been Been 

in Figure 1, panel A. the reeponses t o concsntration x mol/L of A 

(= FW snó x mol/L of 8 (= RbjJ are compared with the response t o a 

mixture comprieing 1/2 x mol/L of A and 1/2 x mol/L of B (= 

RBbi/2ni/2a). This rule has been applied by Fr i j ters and colleagues 

(De Graaf & Fr i j ters , 1987; Ds Graaf, e t al.. 1987; F r i j ts rs . De 

Graaf & Kooien. 1984; Fr i j tere & Oude Ophuis. 1983; Fr i j tere & 

Stevens, 1986). These studiee ussd the concspt of eguiratio mixture 

type. This was defined as a series of mixtures of di f ferent 

concentratione each of which having the same rat io between 

constituent componente (Frijtere & Oude Ophuis. 1983). The taete 

interaction is infsrred from the relation of the psychophysical 

functions of equiratio mixtures to ths psychophysical functions of 

single compounds when the equimolar comparison is used. The terms 

synergism, addition and suppression havs not been defined in the 

context of the equimolar comparison rule. In the terminology of 

Berglund, Berglund & Lindvall (1976) partial addition, compromise, 

and subtraction occur when the mixture intensity is larger, 

intsrmediats or smaller, than the intensities of the unmixed 

equimolar concentrations of the compounds (Fri j ters. in press). 

In contrast t o the summatsd response comparison, based on the 

additivity of intensities, and the factorial plot comparison rules, 

bassd on the eubtractivety of intensities, the equimolar comparieon 

rule is independent of the propert ies of the scale used for 

assessment of ths t as t s inteneities (De Graaf & F r i j ters , 1987). The 

ordinal comparison between the mixture intensity and the single 
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component intensities takes place at concentrations where the to ta l 

molarity of the mixture is equal t o each of the molaritiee of the 

eingle components. 

In order t o be able t o make such comparieone at d i f fsrsnt 

concsntration levels, the total molarity of the mixture muet be 

varied in the same way as the molarity of the sinols componsnts. In 

addition, the eeries of mixtures must be compoeed in euch a way that 

a psychophyeical mixture function can be determined experimentally. 

This goal is achieved by using equiratio mixture types (Fri j ters & 

Oude Ophuie. 1983) 

The purpose of the preeent study is t o assees the t as ts 

intsraction bstween two qualitatively similar taetante using the 

three mentioned comparieon rules. The results obtainsd are then 

compared. The ecaling method used t o obtain values of perceived 

sweetness intensities on a linear response scale, was similar t o 

that used by De Graaf e t al. (1987). The reader is re fe r red to that 

paper fo r a detailed discussion of this methodology. It is bassd on 

functional measurement in combination with a two etimulue procedure 

(Anderson. 1974; Birnbaum. 1982). In this type of experiment 

eubjecte compare the eensory impression of each of a number of 'row 

(=firet) stimuli' with the sensory imprsseion of each of a number of 

'column (=eecond) stimuli' (i.s., a factorial judgmsnt deeign). This 

procedure is a t t ract ive because i t providee an internal check on the 

linearity of the response scale. 

The substances in the mixturee were f ructoee and sucroes. Stone 

& Oliver (1969). and Yamaguchi e t al. (1970b) found that sucross and 

f ructose show synergiem when mixed. Curtis e t al. (1984) concluded 

that they ehow synergism at low sweetness levels, addition at 

intermediate levels, and suppression at high sweetness levels. 

McBride (1986) concluded that sucrose and f ructose ehow addition at 

low eweetnees levels, but suppression at high sweetness levels. The 

la t ter author also suggeeted that the sweetneee inteneity of 

eucroee-fructoee mixturee may exceed the eweetnees intensity of 

equivalent concentrations of one of the components. Os Graaf & 
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F r i j t e r s (1987) a rgued t h a t t h i s f inding was la rge ly due t o t h e use 

o f we igh t /vo lume r a t h e r than mo lar i t ies as t h e unit o f 

concen t ra t ion . 

METHOD 

This i nves t iga t ion invo lvsd t w o over lapp ing é tud iée. One 

cons i s t ed o f e xpe r imen ts t o i n v e s t i g a t e t a s t s i n te rac t i on accord ing 

t o t he eummated compar ison and t h e f a c t o r i a l p l o t compar ieon ru les . 

Ths o t h e r cons i s ted o f e xpe r imen ts t o s t u d y t a s t e i n te rac t i on 

accord ing t o t h e equimolar compar ieon ru le . 

Sub jec ts 

The s u b j e c t s w e r e t w e l v e paid v o l u n t e e r s , t w o men and t e n 

women, ranging in age f r o m e ighteen t o t w e n t y - f i v e y e a r s . All w e r e 

e tuden te a t t h e Agr icu l tura l Un ivere i ty . Mos t o f t h e s u b j e c t s had 

p rev ious exper ience w i th psychophys ica l t a e k s but w e r e naive w i th 

r e e p e c t t o t h e p u r p o s e and subs tances used in t h i s s t udy . 

Stimuli 

The st imuli w e r e so lut ione o f s u c r o s e (Merck: 7653) and 

f r u c t o e e (Merck: 5321) and m ix tu res o f t heee subs tances in 

demineralized w a t e r . Figure 2 , panel A, shows all exper imenta l 

st imuli. 

As n o t e d above , t h s appl icat ion o f t h e equimolar compar ieon 

ru le r equ i res t h a t t h e t o t a l mo lar i ty o f an equi rat io m ix tu re t y p e 

va r i ée in t he same way as t h s concen t ra t i ons o f each o f t h e s ingle 

components . The st imuli u sed in t h i s p a r t o f t h e i nvee t iga t ion w e r e 

0.00 (wa te r ) , 0.125, 0 .250, 0 .500, 1.00, and 2.00 molar so lu t ione o f 

f r u c t o e e and s u c r o s e . The same concen t ra t i ons w e r e u s s d f o r t h e 

FruSuc . 50 / . 50 equi rat io m ix tu re t y p e , a m ix tu re containing equal 

mo lar i t ies o f b o t h f r u c t o s s and suc roee . Theee st imuli a r e shown in 

F igurs 2 . pansl B. 
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For a post-experimental comparison of reeponsee according t o the 

factorial plot comparison, i t is necessary to use a factorial mixing 

design in the experiment. Such a factorial mixing design can aleo be 

used fo r the assessmsnt of the t as te interaction according t o the 

eummated response comparison. Each of the concentrations 0.00 

(watsr), 0.125, 0.250, 0.500, and 1.00 mol f ructose wae mixed with 

each of the concentrations 0.00 (watsr), 0.125, 0.25, 0.50, and 1.00 

mol sucrose. Except fo r the 0.50/0.50 mixturs type already shown in 

panel B, the compoeition and concentration of theee stimuli which 

are the reeult of a factorial mixing design are shown in Figure 2, 

panel C. 

Solutions were prepared at leaet 24- houre before tast ing. They 

were etored fo r a period not longer than f ive days, at 4 degrees C. 

Ossion 

The etudy involved 19 expérimente each of which consistsd of a 

factorial judgment design. Table 1. columns 1-5. gives the purposs 

and number of each experiment. It also shows the type of factorial 

judgment design, i.e.. the number of varioue stimuli ussd as the 

f i r s t stimulus of a pair, and the number of the various stimuli 

tas ted eecond. and the substances that were ussd as f i r s t and sscond 

stimulus of each pair. 

For the purpose of the present etudy, i t was nscsssary that ths 

stimuli reeulting from the factorial mixing design, are incorporated 

into the factorial judgment designs. The explanation below provides 

the rationale f o r doing this. 

As noted above, the use of a factorial judgment design impliee 

that subjects are presented with pairs of etimuli. where each 

stimulus of a pair is one stimulus of a eeriee of row (= sscond) or 

column (= f i rs t ) stimuli. In a situation where two eingle substances 

are ussd, a simple m x n design can be employed, where m and n 

denote the number of concentratione of the f i re t and second 

stimulus. When mixturee rather than single compounds havs to be 

Incorporated in a factorial judgment deeign. the situation bscomes 
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Figure 2. Total concentration and composition of the 
experimental stimuli. Panel B shows the series of concentrations, 
(surrounded by the undashed lines) and equiratio mixture type,' 
that were used for the assessment of taste intensity using the 
equimolar comparison rule. Panel C shows the series of 
concentrations (surrounded by the dashed lines), and equiratio 
mixture types, which were used for assessing taste interaction 
using the factorial plot and the summated response comparison. 
Panel A was obtained by combining panels B and C, and shows all 
the experimental stimuli. 
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more complicated. In a design involving eingle substances, the 

series of row and column stimuli vary over one dimension (i.e., the 

concentration level of each of the substances). When binary mixtures 

are used, the ssr iss of row or column stimuli vary ovsr two 

dimensions (i.e., the concentration levels of each of the two 

componente). This problem can be ovsrcoms by conceiving a mixture as 

if i t wars a single substance. This was achisvsd by using the 

concspt of an equiratio mixture t ype , whsrs ths mixtures have 

different total concentratione but a constant rat io of constituent 

components. A psychophysical function fo r an equiratio mixture t yps 

can then bs constructsd in the same way as a function fo r a single 

substance (Fri jters & Oude Ophuie, 1983). This enables the 

incorporation of mixtures reeulting from a factorial mixing design 

into a factorial judgment design. In t o ta l , seven ssr iss of 

equiratio mixture typee (including the 0.50/0.50 mixture type) were 

conetructed eo ae t o include the 16 mixturee from the factorial 

mixing deeign into the factorial judgment deeigne. 

Of the 19 experiments. No. 1 in Table 1, served ae a control 

for order e f fec ts . Six sxpsrimsnts (No. 2 - 7 ) wsre carried out t o 

asssss tas te interaction using the equimolar comparison ruls, and 

twslvs (No. 8 - 19) wsrs carr isd out t o asssss tas te intsraction 

using ths factorial plot and the eummated comparison ruls. 

The control experiment consistsd of a 6 (concsntrations of ths 

f i r s t stimulus) x 6 (concentrations of the second stimulus) 

factorial judgment design, in which 0.00 (water), 0.125. 0.25, 0.50. 

1.00, and 2.00 mol f ructoss solutions served both as f i r s t and as 

second stimulus. 

Each of ths six expsriments fo r the equimolar comparieon 

(No. 2 - 7 in Table 1) also employed a 6 x 6 factorial judgment 

design. The f i re t and eecond stimulus of a pair of each design, the 

f i r s t stimulus mentioned f i re t , were f ructoee-eucross, sucross-

f ructose. f ruc tose- FruSuc .50/.50, FruSuc .50/.50- f ruc toss, 

sucrose- FruSuc .50/.50, and FruSuc .50/ .50- sucrose. The 

concentrations of the ssr iss of f i r s t and second stimuli wsrs 0.00 

(watsr), 0.125. 0.25. 0.50. 1.00, and 2.00 mol/L. Ths rssponsss t o 
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the sweetness intensities of 0.25, 0.50. 1.00 and 2.00 mol/L of the 

FruSuc .50/.50 mixture were also used fo r the factorial plot and the 

eummated response comparison. Figure 2, panel B, shows the stimuli 

used in these experiments. 

Each of the series of 12 expérimente (No. 8 - 19) conducted fo r 

the factorial plot and the eummated response comparisons also 

consisted a factorial judgment design. Six equiratio mixture types 

were prepared, so as t o include all of the mixtures necessary fo r 

the summatad response and factorial p lot comparisons. This was with 

exception of the .50/.50 mixtures, the diagonal in Figure 2. panel 

B, which were already incorporated in the other pa r t of the study. 

Water, being the 0.00 mol/L solution of each mixture t ype , wae 

included in each of these seriee. The eix eeriee' of equiratio 

mixture typee were compared t o a eeriee of 5 f ructoss solutions, 

i.e., 0.00, 0.125, 0.25, 0.50, and 1.00 mol/L fructoee. The stimuli 

and equiratio mixture types used in these expérimente are shown in 

Figure 2, panel C. Fructose was pressnted as the f i r s t stimulus of 

ths pair in six of the expérimente, and ae the sscond stimulus in 

the remaining six. 

Procedure 

The subjects were inetructed t o judge the magnitude of the 

difference in perceived sweetness intensity between the f i re t and 

second stimulus of sach pair. The instructions emphasized that only 

the swsstnees intensity was to be judged, and that the hedonic value 

and side tas tes were t o be disregarded. The judgments were expreesed 

by a slash mark on a 250 mm visual analogue scale. The middle of the 

ecale was dsfined ae ' the f i r s t and sscond stimulus are equal with 

respect t o perceived sweetness inteneity' (De Graaf e t al., 1987; 

Figure 3). If a subject perceived the f i r s t etimulue ae sweeter than 

the second, he placed on the lef t side of the scale according t o the 

magnitude of the difference. Similarly, the subject marked the r ight 

eide of the scale when the second stimulus was perceived ae sweeter. 

The lef t and r ight polee of the scale were labelled 'maximum 
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d i f f e rence ' . In t h e i ns t ruc t ione 'maximum d i f f e rence ' was def ined as 

t he d i f f e rence in s w e e t n e s s i n tene i ty be tween t h e etimuli o f t h e 

r e f e r e n c e pa i r . i.e. w a t e r as f i r e t st imulus and a 2.5 mol /L s u c r o s e 

so lu t ion as second st imulus. The d i f f e rence in t h e r e f e r e n c e pair 

was e x p e c t e d t o be l a rge r than t h e d i f f e rence in any o t h e r pair . The 

r e s p o n s e s w e r e measured as t h e d is tance in mm f r o m t h e l e f t po le o f 

t he sea ls . A r e s p o n s e value o f 125 meant no d i f f e r e n c e , a value 

above 125 meant t h a t t h e second st imulus was p e r c e i v e d as being 

s w e e t e r than t h e f i r s t one, and a value below 125 ind icated t h a t t h e 

f i r s t s t imulus was p s r e e i v e d ae being t h e s w e e t e s t st imulue o f t h e 

pair . 

The s u b j e c t s w e r e r e q u e s t e d t o r i nse t h s i r mouths thoroughly 

w i th demineralized w a t e r , b o th wi thin and be tween pa i r s . The st imuli 

w s r s p r e e e n t e d a t r oom t s m p e r a t u r e (20 d e g r e e s C), in p o l y s t y r e n e 

medicine cups. Each cup conta ined about 10 ml so lu t ion. The pa i r s o f 

each f a c t o r i a l des ign w e r e p r e e e n t e d in a random ssquence, and in a 

d i f f e r e n t o r d e r f o r each sub jec t . The r e f e r e n c e pair wae p r e s e n t e d 

a t t h e beginning o f each s s s s i o n , and again a f t e r t h s 12th and t he 

24 th pair o f each sess ion . The t ime i n te rva l be tween t h e f i r e t and 

second et imulus o f a pa i r was 5 0 seconds , and t h e i n t e r va l be tween 

pa i rs was aleo 5 0 seconde. Each o f t h e 19 f ac to r i a l deeigns was 

p r s s e n t e d tw i ce t o each eubj 'ect. The o r d e r o f p r e e e n t a t i o n o f t h e 

va r ious deeigns was randomized. I t t o o k each sub jec t 24 one-hour 

sess ions t o comple te t he exper iment . 

RESULTS 

In o rde r t o be able t o d raw conclusions about t a s t e 

i n te rac t i one , i t ie neceeBary t o de r i ve one ecale value f o r each 

st imulus t a s t e d . For t h e f a c t o r i a l p l o t compar ieon ru le and t he 

summated compar ison ru le , t heee sca le va lues must r e p r e e e n t 

s w e s t n e e e i n tens i t iee on an i n te rva l and r a t i o ecale. 

Whsthsr o r n o t t h s sca le t o be de r i ved hae i n te rva l p r o p e r t i e s , 

depends on t h e va l id i t y o f t h e aeeumpt ion t h a t t h e o v e r t r e s p o n s e e 

v a r y l inearly w i th d i f f e rences in p e r c e i v e d s w e e t n e e s i n t sne i t y . 



-112-

The f i r s t s tep in data analysis was t o t s s t this assumption. The 

data were then analyzed to sse if the f i r s t and second stimulus had 

an equal weight in determining the response, i.e. whether or not 

order e f fec ts occurred. Af tsr having satisf ied thess cr i ter ia, i t 

was possible t o dsrive a scale value fo r each of the experimental 

stimuli. Taste interaction was finally assessed using the three 

comparieon rulee. 

The judgment function 

If subjects judged differences between perceived sweetness 

intensitiee, parallelism in a factorial plot of the responses 

implies that ths over t responses are linear with sweetness intensity 

differences. 

Individual analyses were carried out in the f i r s t place because 

individuals may differ in the way they compare the two sensory 

imprsssions within each pair or in the form of their judgment 

function. Analysss of variancs were carried out fo r each subject and 

each factorial judgment design (12 x 19 = 228 analysss). An 

indicator f o r the degree of non-paralleliem is the Row x Column 

interaction. Thie term was t s s t s d fo r stat ist ical significancs with 

ths Row x Column x Replicate interaction as e r ror term. Two subjects 

ehowed eignificant Row x Column interactions at (p_ < .01) in one or 

more of their 19 response matrices. The data of theee subjects were 

excluded from further data analysis. The analyses of the ten 

remaining subjects ehowed no eignificant interactione (p_ < .01). 

The responses fo r each pair were then averaged across the two 

replicatee and the ten subjects. Figure 3. pansle 1- 19. ehowe the 

arithmetic mean of the responses t o each pair of each of the 

19 factorial judgment désigne. Visual inspection of these factorial 

plots shows no apparent deviatione from parallelism. However, a 

s tat ist ical t s s t showed that ths Row x Column intsraction t es t sd 

against ths Row x Column x Subject interaction was significant in 

thrse out of the 19 caees (p_ < .05). Theee three caeee were the 

sucrose-fructose, the f ructoee- FruSuc .50/.50, and the f ructoee-
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FruSuc .33/.67 design. In the 16 remaining responses matrices no 

significant intsractions at ths p_ < -05 level were found. 

The queetion now arises as t o whether the three statist ically 

significant deviations from parallelism invalidate the assumed 

psychological model, i.e. a comparative operation that can be 

described by a algebraic subtractivs ruls plus a linear judgment 

function. We agree with Anderson (1982; p. 167) with regard to the 

etat ist ical power of a t e s t in relation t o cr i ter ia f o r accepting 

and rejecting models. He wri tes: "Power is adsquate whsn the 

discrspanciee are significant statist ical ly but unimportant 

substantively". As the central issue in thie etudy is the tas te 

interaction between sucrose and f ructose, ths question ie, whether 

the deviations have a substantive e f fect on the scale valuee of 

perceived eweetneee intensity. The eetimation of the relative 

magnitude of experimental e f fecte wae obtained by calculating the 

value of omega-squared for a non-additive model in a f ixed factor 

repeated measurement design (Oodd & Schultz. 1973). Table 1 ehows 

the relative contributione of the concentration level of the f i re t 

stimulue, the concentration level of the second stimulus, ths sum of 

theee two, and the f i r s t order interaction between the f i re t 

(column) and second (row) stimulus, for each of ths 19 designs. This 

table shows that the sum of the contributione of the f i r s t and 

sscond stimuli is in bstwssn 85% and 93%. implying that 85% t o 93% 

of ths variance in each of the designs ie due t o the concentration 

levels of the f i r s t and sscond stimuli. Ths omega-equared value of 

the Row x Column interaction varies between -0.3 % and +0.6 %. a 

negative value reeults from a F-ratio < 1, implying that thie 

interaction term ie unimportant as a sourcs of variance. Ae this 

sourcs of variance does not have a eubetantive influence on the 

ecale valuee to be obtained, conclusione t o be drawn about the taete 

interaction between sucrose and f ructose are not likely t o be 

af fected by theee deviatione from paralleliem. It ie concluded that 

the aeeumptions concerning the subtract ivs comparativs operation and 

the linear judgment function were met in thie experiment. 
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2000 0 0250 1000 7000 
content rati on second stimulus Imol /L) 

Figure 3. For each factorial judgment design, the mean 
response to the difference in perceived sweetness intensity 
between the first and second stimulus of each pair. The responses 
are plotted as a function of the concentration of the second 
stimulus with a separate curve for each concentration of the 
first stimulus. The type of stimulus tasted first and second are 
given in the upper left corner of each panel. A value of 125 
implies no difference, a value below 125 implies that the first 
stimulus is perceived as being sweeter, and a value above 125 
implies that the second stimulus has a greater perceived 
sweetness intensity. The number of each panel corresponds to the 
number of each experiment in Table 1. 
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Table 1. For each experiment the re lat ive magnitude 

(sOmega-squared) of e f f e c t s 

Experiment Omeaa—squared in H <a> 

Purpose Type of stimulus 

Number desien f irst second 

stimulus sum of f irst f irst x sec. 

f irst second and second interaction 

control fjl 6 x 6 fructose fructose 46.39 46.26 91.64 

e^ui— 

molar 

compa

rison 

6 x 6 fructose 

6 x 6 sucrose 

6 x 6 fructose 

sucrose 37.04 63.02 90.66 

fructose 64.72 36.83 91.65 

FruSuc .50/.S0 38.94 52.20 90.69 

6 x 6 FruSuc .50/ .50 fructose 50.03 39.89 89.92 

6 x 6 sucrose FruSuc .50/ .50 46.75 43.65 90.40 

6 x 6 FruSuc .60/ .50 sucrose 42.60 48.99 91.59 

0.00 

0.26 

0.31 

0.04 

0.10 

-0 .04 

sum-

mated 

r e s 

ponse 

compa

rison 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

8 

4 

5 

4 

S 

3 

8 

3 

6 

2 

5 

2 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

4 

5 

4 

5 

3 

5 

3 

5 

2 

5 

2 

5 

fructose 

FruSuc .67/ .33 

fructose 

FruSuc .33/ .67 

fructose 

FruSuc .80/ .20 

fructose 

FruSuc .20/ .80 

fructose 

FruSuc .89/.11 

fructose 

FruSuc .11/.89 

FruSuc .67/ .33 

fructose 

FruSuc .33/ .67 

fructose 

FruSuc .80/ .20 

fructose 

FruSuc .20/ .80 

fructose 

FruSuc .89/.11 

fructose 

FruSuc .11/.89 

fructose 

29.99 

55.16 

24.37 

57.57 

27.38 

56.42 

22.29 

61.06 

23.98 

58.05 

18.03 

73.25 

59.20 

30.39 

63.18 

28.54 

59.28 

29.57 

67.09 

25.34 

66.64 

31.27 

71.24 

19.66 

89.28 

85.55 

87.55 

86.11 

86.66 

85.99 

89.38 

86.40 

90.62 

89.32 

88.27 

92.91 

-0.01 

0.04 

0.57 

-0 .05 

0.01 

-0 .24 

0.26 

-0 .08 

-0.15 

0.03 

0.04 

0.13 

a) The replication factor was excluded from these calculations. 
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Order e f fec ts 

No evidence of order e f fec te wae eeen applying the method of 

Bogartz (1980) t o compare peychophysical functions of row vs. column 

stimuli of the f ructose-f ructose factorial judgment design. 

Furthsrmore, overall means of ths difference judgmente fo r no 

subject deviated significantly from 125. Deviatione would have 

occurred if there were a eyetematic order e f fec t (De Graaf e t al,., 

1987). 

Derivation of scale values of perceived sweetness intensity 

The obssrved parallelism, and the abeence of order e f fec ts , 

implies that ths marginal means of the row ( f i rs t ) and column 

(second) stimuli are valid estimates of the sweetnees intensities of 

the corresponding row and column stimuli on a linsar seals 

(Andsrson, 1981). As water was included in each of the series of row 

and column stimuli, ths scale value of water can be used as a 

conventional zero point. The perceived eweetnese intensity of sach 

stimulus can thus be defined as the distance between the seals valus 

of that stimulus and the scale value of water. Each of the 19 

factorial designs yielded two marginal means fo r water, one fo r 

water as the f i r s t stimulus and one fo r watsr as the sscond 

stimulus. The scale values of the sugar containing row stimuli wsre 

determined by calculating the difference between their marginal 

means and the marginal row mean of water in that eame deeign. The 

ecale values of ths column stimuli wsre determined in a similar way. 

Theee calculations yielded 18 eets of scale values fo r f ruc toss, 

9 se ts fo r f ructose presented ae f i re t stimulue, and 9 se ts fo r 

f ructose serving ae sscond stimulus. Ths 6 x 6 factorial designs, 

containing unmixsd f ructose stimuli (Table 1, no. 1 - 5), yielded 

six eete of f ive ecale values, two se ts from the f ructose-f ructoee 

design, and one from each of the other designs. The remaining twelve 

other deeigns (Tabls 1. no. 8 - 19) each yielded one set of ecale 

values fo r the four unmixsd f ructose stimuli. 
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Four se ts of scale values were derived fo r sucrose and the 

FruSuc .50/.50 equiratio mixture t ype ; two se t s of f ive scale 

values, for those etimuli tas ted f i r s t , and two se ts of f ivs scale 

valuee fo r thoee etimuli tas ted eecond. For each of the other 

stimuli, all mixtures except the .50/.50 mixtures, two eets of scale 

valuss wsre derived. 

Since there were no order e f fec ts , ths final seals value fo r 

each of the experimental stimuli could be determined by calculating 

the arithmetic mean of the ecale value(s) of the etimuli taeted 

f i re t , and the scale values fo r ths stimuli tas ted sscond. Thsss 

scale valuee are shown in Figurée 5 and 6. 

Ratio scale propert ies 

Assuming that water doee not tae te eweet (Kroeze, 1982, p. 132; 

De Graaf e t al.. 1987) i t s scale value can be t rea ted as the 

absolute zero-point for the scale of perceived sweetness intensity. 

For the eummated response comparison, i t is nscsssary that ths 

sweetness inteneities are aeseesed on a ra t io scale. The description 

of the tas te interaction between sucrose as f ructose as well as the 

description of the "apparent" taete interactions within f ructoss and 

sucrose, depend on the assumption of water being the absolute zero 

point. The shape of the psychophysical function, whether i t is 

expanding or compressing also depends on this assumption. Ths 

dsscriptions of the taBte interaction according the factorial plot 

comparison and the equimolar comparison ars independent of this 

aesumption. 

TaBte interaction between sucrose and f ructose 

The summated response comparison 

In Figure 4. panel A, the sum of ths intensitiee of each of the 

concentratione 0.125, 0.25, 0.50, and 1.00 mol/L f ruc tose, and each 

of the concentrations 0.125, 0.25, 0.50, and 1.00 mol/L sucrose are 



-119-

compared with the intensities of the mixtures. This reeults in 16 

compari8one. It is apparent that a t low levels the mixture inteneity 

is higher than the sum of the component intensities, at intermediate 

levels i t is approximately equal t o the sum of the component 

intensities, and a t high intensities the mixture intensity is less 

than the sum of the component intensities. From thie result i t ie 

concluded that sucrose and f ructose show l i t t le synsrgism at low 

sweetness levels, addition a t intermediate levels and suppression a t 

high sweetness levels. 

However, ae argued above, t o arr ive at a proper description of 

the specific t as te interaction between sucrose and f ructose, this 

tas te interaction should be compared with the apparent t as te 

"interactions" within sucrose and f ructoee as single eubstancss. In 

order t o get similar diagrams fo r theee apparent within substance 

"interactions" (Figura 4, panel B and C), ssveral valuee shown in 

theee panels had t o be estimated. This wae because they had not been 

experimentally determined. For instance, ths t as te interaction 

between 0.25 mol sucrose and 0.125 mol f ructoee, had t o be compared 

to the apparent t as te " interaction" between 0.25 mol f ructose and 

0.125 mol f ructose, as well as t o the apparent " interaction" between 

0.25 mol and 0.125 mol sucrose. For such a comparison, the 

intensitiee of 0.375 (= 0.125 + 0.25) mol/L f ructose, and 0.375 

mol/L eucrose must be known. The same applies fo r the intensitiee of 

0.625, 0.75, 1.125, 1.25, and 1.50 mol/L f ructose and sucrose. These 

intsnsities were estimated using eecond order polynomials, where the 

natural logarithm of the concentration and i te squared value wers 

the independent variables, and ths natural logarithm of the obtained 

ecale values was the dependent variable. The f ructoee function had 

an Fl-squared of .9997, and sucrose had an R-squared of .9965. Both 

functione were monotonie within the relevant domain. In view of the 

goodness of f i t , thsse polynomials were considered t o be appropriate 

fo r the estimation of the intensitiee required. 

Figure 4, panels B and C, shows the apparent t as te 

"interactions" within f ructoee and within sucrose. The solid points 

represent experimentally determined scale valuee, and the open 
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response fructose-sucrose response sucrose-sucrose 
mixture: Rat,^ mixture :Rh 

response fructose-fructose 
mixture: Ra£ï 

20 60 100 VA 20 60 100 140 20 60 100 V*0 
response fructose* response response sucrose* response response fructose*response 
sucrose: Ra»+ Rb^ sucrose: Rbx + Rb^ fructose : RaJ, + R a j 

Figure 4. Panel A shows the relationship of the sum of the 
sweetness intensities of each of the concentrations 0.125, 0.25, 
0.50, and 1.00 mol/L fructose, and each of the concentrations 
0.125, 0.25, 0.50, and 1.00 mol/L sucrose, to the sweetness 
intensity of the mixtures. If additivity was the rule, all points 
should lie on the straight line drawn from the origin. If the 
mixture intensity is higher than the sum of the intensities of 
its components, the points will lie above this line, and if the 
mixture intensity is lower than the sum of the components 
intensities, the points will fall below this line. 

Panel B shows the corresponding summated response 
comparisons for the apparent taste "interaction" within sucrose, 
and panel C shows these comparisons for the apparent taste 
"interaction" within fructose. The solid points represent scale 
values experimentally obtained, and the open points represent 
estimated scale values. 

points are estimates. Panel B shows that the apparent t as t s 

"interaction" within sucrose changée from being slightly synergistic 

at low levsls t o suppressive at high levels. However, compared t o 

panel A, there are less points above and more points below the 

additivity line. The summated response comparisons for the apparent 

f ructose-f ructose "interaction" in Panel C ehow a similar pat tern to 

panel B. 

This analysis shows that the t as te interaction between eucroee 

and f ructose is similar t o the apparent t as te "interactions" within 

f ructose and within sucross. Howsvsr, ths between substance t as t s 
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interaction shows a greater magnitude and frsquency of synergism, 

and a smaller magnitude and frsqusncy of suppression than the 

apparent within substancs "interactions". 

The factorial plot comparison 

Figure 5, panel A, shows perceived sweetness intensity as a 

function of f ructose concentration, with a separate curvs for each 

sucrose concentration. It ie important t o bear in mind, that this 

factorial plot represents a d i f fsrsnt integration process than ths 

factorial p lots in Figurs 3. The factorial plot in Figure 5, panel 

A. represents the t as te interaction betwesn sucrose and fructoee. 

The factorial p lots in Figurs 3. repreesnt ths comparative operation 

between two seneory impressions and the form of the judgment 

function. It could be said, that Figure 5 repreesnts the 

psychophysical intsraction. and that Figura 3 shows the 

psychological integration. 

The overall pa t tern in this panel is convergent, since the 

vert ical distance between the curvee diminishes as the f ructoee 

concentration increaees. The degree of non-parallelism i.s. 

convsrgence or divergence, is ref lected in the magnitude of the Row 

(= fructoee) x Column (= sucrose) interaction. Analysis of variancs 

showed that the Sucross x Fructose interaction, with the 

Sucross x Fructose x Subjecte interaction as the e r ror term, is 

statist ically significant [ F06.144) = 12.97. p_ < .0001 ]. 

Thsrs eeeme t o be a differential e f fec t on the t as t s 

intsraction of concsntration level. The 0.00 mol/L sucrose line and 

the 0.125 mol/L sucrose linB diverge up t o the level of 0.125 mol/L 

f ructose. Thie indicates that synergism occurrsd. Analysis of 

variance showed that this divsrgsnce ie etatistically significant 

[ F(1,9) = 24.4, p_ < .001 ]. 

In soms other par te of panel A. the taete interaction between 

sucrose and f ructoee appears t o be additive. For example, the curves 

of 0.00 mol/L sucrose and 0.125 mol/L eucrose from 0.125 mol/L t o 

0.25 mol/L f ructoee are parallel [F(1.9) = 0.05]. Thie implies that 



-122-

perceived sweetness intensity 

100-

8»< 

60 

40-

20 

/ ' 

0.000 

sucrose 
Iraol/L) 

..1.000 

^•0.500 
„• 0 250 
, . 0.125 

'0.000 

0.250 1.000 
fructose (raol/L) 

S 

0.000 

sucrose 
(mol/L) 
' % 1.000 

,o0500 
•° 0250 
•° 0.125 

0000 

0250 1.000 
sucrose (mol/L) 

^° 

0.000 

fructose 
(mol/L) 

» 

^,.1000 
o-^oOSOO 

y/,0 0.250 
S/A, 0.125 

0.000 

0250 1.000 
fructose (mol/L) 

Figure 5. In panel A the perceived sweetness intensity of 
fructose-sucrose mixtures is plotted as a function of the 
fructose concentration, with a separate curve for each of the 
sucrose concentrations. Panels B and C represent similar 
factorial plots as in panel A, but the single substances are 
conceived as a mixture of the substances with themselves. In 
panel B, the perceived sweetness intensity of sucrose- sucrose 
"mixtures" is plotted as a function of the sucrose concentration, 
with a separate curve for each sucrose concentration. In panel C, 
the sweetness intensities of fructose-fructose "mixtures" are 
plotted as a function of the fructose concentration, with a 
separate curve for each fructose concentration. The closed 
circles represent scale values obtained experimentally, and the 
open circles represent estimated scale values using polynomial 
regression equations. 

the addition of 0.125 mol/L sucrose t o 0.125 mol/L f ructose yields 

the same incremsnt in percsived t as te intensity as the addition of 

0.125 mol/L sucross t o a 0.25 mol/L f ructose solution. Ths same 

applies for the lines of 0.125 and 0.25 mol/L sucrose up t o 0.125 

mol/L f ructose [F(1,9) = 0.73]. The t as te intsraction between 0.25 

mol/L f ructose and 0.25 mol/L sucrose is also additivs [F(1.9) = 

0.17]. 

At the highsr sweetness levels fo r sucross and f ructose, 

suppression takes place. The F-ratio rspresenting ths t as te 

interaction between 0.50 mol f ructose and 0.50 mol sucrose is 12.01. 

and the F(1,9)-ratio representing the t as te interaction bstween 

1.00 mol f ructose and 1.00 mol sucrose is 50.32. Thsss F-ratios also 

show that ths degrés of suppression increases a t higher 
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concentration levels. 

In order t o get similar factorial p lots fo r the apparent t as te 

"interactions" within f ructose and sucrose. Figure 5, panel B and C. 

several values shown in these panels (the sweetneee inteneities of 

0.375, 0.625. 0.75. 1.125. 1.25. and 1.5 mol/L) wsre eetimatsd using 

the same functione as in the summated comparison rule. ANOVA's of 

the data similar t o those carried out on the data of panel A are not 

feasible because several values within the plots B and C are 

experimentally dependent. 

Visual inspection of panels B and C shows that the overall 

patterne are similar t o that of panel A. However, i t appears that 

the convergences in panels B and C are more pronounced than in panel 

A. 

To summarize: Taste interaction between sucrose and f ructoee 

can be largely explained by the apparent tas te "interaction" within 

thB single substancee themeelvee. However, there appears to be a 

tendency towards less suppression, implying more synergism and 

addition, than could be expected on the baeie of the apparent within 

t as te substance "interactions". 

Ths equimolar comparison 

Figure 6 ehows that the FruSuc .50/.50 function lies in bstween 

the functione of unmixed sucrose and f ructose. In the terminology of 

Berglund e t al. (1976) thie means that f ructose and sucrose 

compromiss whsn mixed. This finding reinforces the general rule 

poetulated by De Graaf & F r i j ters (1987). who argued that the 

eweetness inteneities of binary sugar mixtures always lie in between 

the inteneities of their components, when each is tas ted alone and 

at the same to ta l molarity as ths mixturs. 

It is evident, however, that the FruSuc .50/.50 function does 

not lie halfway in betwsen the eucroee and f ructoss functions. Up t o 

0.125 M. the slops of the .50/.50 function lies in between the 

slopes of the sucrose and f ructose functione. Between 0.125 and 0.25 

M, the .50/.50 function approaches the sucrose function, and s tays 
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Figure 6. Psychophysical functions for fructose, sucrose, 
and the FruSuc .50/.50 equiratio mixture type. 

near t h a t funct ion up t o t h e level o f 1.00 M. Above 1.00 M. t h e 

s lope o f t he . 50 / . 50 funct ion g e t s shal lower than t h e s u c r o s e 

funct ion. The s w e e t n e s s o f 2.00 mol/L o f t h s FruSuc . 50 / . 50 m ix tu re 

is about 10 un i ts l e ss than t h a t o f 2.00 mol/L s uc rose . 

DISCUSSION 

A compar ison be tween compar ison ru les 

As t h s t h r e e methods o f a ssess ing t a s t e i n te rac t i on desc r ibe 

t h e same phenomena, t h s r s should be a s t r a i g h t f o r w a r d re la t ionsh ip 

be tween t he r e s u l t s obta ined. 

The conclusions f r o m t he eummated r sBponss compar ison and t h e 

f a c t o r i a l p l o t compar ison a r s a lmost ident ical . F r uc tose and s u c r o s e 
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show synerg ism a t low l eve ls , add i t i v i t y a t i n termedia te l eve ls , and 

supp ress ion a t high leve ls . In bo th ana lyses , t h e t a e t e i n te rac t i on 

be tween s u c r o s e and f r u c t o s e could be explained t o a l a rge e x t e n t by 

t he apparen t t a e t e " i n t e rac t i ons " within s u c r o s e and wi thin 

f r u c t o s e . However , i t ie concluded f r om b o t h compar isons t h a t t a s t e 

i n t s rac t i on be tween s u c r o s e and f r u c t o s s is more synerg ie t i ca l l y , 

more addi t ive ly and l e ss supp rsss i ve l y than each o f t h e apparen t 

within t a e t e subs tance " i n te rac t i ons " . 

Similar conclusions can be ob ta ined f r om t h e equimolar 

compar ison ru l s . A t t h e low concen t ra t i ons o f s u c r o s s and f r u c t o s s , 

doubling t he concen t ra t i on y ie lde a more than t w o f o l d ewee tnese 

i n tene i ty (eee Figure 6) . A t high concen t ra t i ons doubling t h e 

concen t ra t ion y ie lde a l e ss than double s w s s t n s s s i n t sns i t y . Thus, 

i f t h e apparen t t a e t e " i n t e rac t i ons " wi th in s u c r o s e and f r u c t o e e was 

t o be desc r ibed in t e r m e o f s upp ress i on , addit ion o r synerg iem, i t 

would be concluded t h a t t hey ehow synerg ism a t low s w s e t n e s s l e vs l s , 

addit ion a t i n te rmed ia te s w s s t n s s s l eve l s , and suppreee ion a t high 

s w e e t n e s s leve ls . The f inding t h a t t he peychophyeical funct ion o f 

t he FruSuc . 5 0 / . 5 0 m ix tu re t y p e l ies in be tween t he psychophys ica l 

func t ions o f s u c r o s e and f r u c t o s e as s ingls subs tancas shows t h a t 

t h s t a s t e i n te rac t i on b s tween s u c r o s e and f r u c t o e e is approx imate ly 

equal t o t h e apparen t t a e t e " i n t e rac t i ons " within s u c r o s e and 

f r u c t o e e . The tendency t o w a r d s more synerg iem, more addit ion and 

l ess suppreee ion o f t h e t a e t e i n te rac t i on be tween s u c r o s e and 

f r u c t o e e compared t o t h e apparen t t a e t e " i n t e rac t i on " wi thin t h e s s 

subs tances , i s r s f l e c t e d in t h e r e l a t i v e pos i t i on o f t h e FruSuc 

.507.50 funct ion. I t does no t lie halfway be tween t h e f r u c t o s s and 

s u c r o s s funct ions bu t i t is l o ca t sd c lose t o t h e funct ion o f t h e 

e w e e t e s t sugar , i.e.. s uc rose . 

The main d i f f e rence b e t w e e n t h e t h r e e compar ieon p r o c e d u r e e 

l iée in t he way t h e conclusions a r e obta ined. The conclusions 

de r i ved f r om t h e equimolar compar ieon w e r e more easi ly obta ined than 

t h o s e f r o m t he f a c t o r i a l p l o t and summatsd r e s p o n s e compar isons. I t 

is r squ i r sd t h a t t h e sea ls va luss r s p r e e e n t t a e t e i n tene i t ies on a 

r a t i o sea ls , f o r a sound conclusion based on t he eummated r e e p o n s e 
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comparison rule. An interval scale is required for the factorial 

plot comparison. These requirsments place constraints on the t ype of 

ecaling method that can be employed. For the assessment of tae te 

interaction accordino to the equimolar comparison rule, an ordinal 

level of assessment is sufficient (De Graaf & F r i j tere, 1987). 

Another eesential difference between the equimolar comparison 

and the summatsd response, and the factorial plot comparisons ie 

that the equimolar comparieon rule compares psychophyeical functions 

whereas the other procedures do not. In order t o draw conclusions 

about ths tas te intsraction betwssn two tas te substancee according 

t o the eummated response and the factorial plot comparison rules, 

the between substance interaction muet be compared t o the apparent 

taete "interactione" within thesB substances. Sines the apparent 

t a s t s "interaction" within a substance is ref lected in the shape of 

i t s psychophysical function, the comparison of between and within 

substance interactions is implicit in ths equimolar comparison rule. 

This means that a comparison of the psychophysical functions of 

single substances with the psychophysical function of an equiratio 

mixture type already involvee a comparison of the t as te interaction 

between substances with the apparent t as te " interaction" within 

substances. 

Another advantage of ths equimolar comparison over the summated 

rssponss and factorial plot comparisons is that the equimolar 

comparison shows dirsctly that the swsetneee inteneity of sucrose-

fructose mixtures lie in between equimolar concentratione of sucrose 

and f ructose. This appears t o be a general rule applicable t o a 

large number of binary sugar(alcohol) mixtures (De Graaf & Fr i j ters . 

1987). This phsnomenon is not apparent in the other comparieons. 

TaBte interaction in sugar(alcohol) mixtures: some general rules 

The preeent data on sucrose and f ructose and the data from Ds 

Graaf e t al. (1987) on glucoee and f ructoee, suggest s that ths 

psychophysical functions of thsse substances ars positively 

accelerating at low concentratione and negatively accelerating at 
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high concentrations. As the shapes of the psychophysical functions 

of a large number of sugars and sugar alcohols ars similar (see 

Schutz 4 Pilgrim. 1957; Yamaguchi. Yoshikawa. Iksda & Ninomiya. 

1970a), i t can be inferred that the psychophysical functions of 

thees sugars and sugar alcohols expand at low concentrations and 

compress at high concentrations. This means that ths apparent t as te 

" interaction" within theee sugars can be expected t o be 

synergietically at low sweetness levels, additively at intermediate 

concentrations, and suppreeeively at high concentratione. With 

reepect t o the psychophysical functions of equiratio mixture typee 

of sugars, i t is noted that theee functione always lie in between 

the psychophysical functions of the single compounds constituting 

ths mixture (De Graaf, & Fr i j ters , 1987). This meane that the 

psychophysical functions of equiratio sugar mixtures exhibit a 

similar ehape as the psychophysical functions fo r single sugars. 

Thus, in conclusion, the tas te intsraction between any two sugars or 

sugar alcohols can also be expected t o be eynergistically at low 

levels, additive at intermediate levels, and suppressive at high 

levels. 

It follows from the foregoing paragraphs that ths same rule 

applies for the apparent t as te " interaction" within single sugars, 

and fo r the t as te interaction between two sugars in a mixturs. Thus, 

for binary sugar mixturss ths question ariees as t o whether any of 

ths t as te interaction is specific for the substances mixed. In other 

worde, can the tae te interaction between two sugars be total ly 

explained by the apparent t as t s " interaction" within these 

substances ? 

From the data obtained in this experimsnt and from other data 

in the l i terature, i t appears that for csrtain sugars and sugar 

alcohols this question can be answered affirmatively. Some sweet 

substances, like glucose, sorbi tol , galactose, mannitol, and xyloee 

have virtually identical psychophysical functions, when determined 

under identical conditions (Cameron, 1947, De Graaf & Fr i j ters , 

1987; Fr i j ts rs & De Graaf, eubmittsd; Munton & Birch, 1985; 

Yamaguchi e t al., 1970a). They aleo have similar threshold 
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concentrations in mol/L (Haefeli. 1983). The data from several 

mixture étudiée enow that the psychophysical functions of various 

equiratio mixture types of these substances are similar t o the 

eingle compound psychophysical functions (De Graaf & F r i j ts rs . 1987; 

Fr i j ters & De Graaf, submitted; Yamaguchi, 1970b). This msans that 

the t as te interaction among these substances must bs virtually 

idsntical t o ths apparent tas te "interactione" within these 

substances. Thus, glucose ssems t o interact with sorbitol in the 

same way as i t interacts with i tself and also in ths same way as 

sorbitol interacts with i tsslf . The same applies fo r othsr possible 

mixturss of the substancss mentioned above. 

In addition, the data of Yamaguchi e t al. (1970b) show that the 

t as te interaction pat terns between glucose, sorbitol and mamitol on 

the one hand and each of a numbers of sweeteners like sucrose, 

f ruc toss, xyl i to l . saccharin and cyclamate on the other hand, are 

eimilar. Thus, glucose interacts with sucross, f ruc toss, xyl i to l , 

saccharin and cyclamate in a similar way as do sorbitol and 

mannitol. 

Ths data discussed in the two preceding paragraphe suggest that 

the eugars(alcohols) glucose, galactose, mannitol, sorbi tol , and 

xyloss operats in a similar way to elicit swsetnesB. 

Thie seeme not t o be the case fo r substances which havs rsadily 

distinguishabls psychophysical functions, liks glucose, f ruc toss, 

and sucross. As ths prssent study shows, ths t as te interaction 

between f ructoss and sucrose cannot be completely explained by the 

apparent t as te "interactione" within the single substances. Ths same 

appliee for mixturee of glucose and f ructoss. The sweetness 

inteneities of glucoss-fructose mixturss approach ths sweetness 

inteneity of equimolar concentratione of fructoBe at high 

concentration levels (De Graaf e t al., 1987; Fr i j ters & Oude Ophuie. 

1983). In a prsvious papsr (De Graaf & Fr i j ters . 1986) i t was shown 

that Beidler'B mixture model, which assumss compstition for ths same 

receptor s i tee. could adequately describe the glucoee-fructoee 

interaction at low sweetness Isvels only. At high sweetness levels, 

ths t as te systsm operated mors sff icisntly than could bs expected on 
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t he bas is o f t h i s compet i t i on model. I t was concluded t h a t g lucose 

and f r u c t o s e ehare common r e c e p t o r s i t e s bu t e i t he r one o r b o t h must 

have addit ional secondary binding mechanisms. The same explanat ion 

may a lso apply t o f r u c t o s s and suc rose . 
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CHAPTER SEVEN 

"RATIOS" AND "DIFFERENCES" IN PERCEIVED SWEETNESS INTENSITY 

CBBS De Graaf and Jan E.R. Fr i j ters 

Manuscript submitted for publication t o Perception & 
Psychophysics 

ABSTRACT For a number of perceptual continua, i t has been shown 
in previous studies that subjects use only one quantitative 
comparison between two eensory impressione of a pair of stimuli, 
i r rsspsct ivs of whether they are instructed t o judge "rat ios" or 
t o judoe "differences". This comparison can be dsecribed by 
algebraic subtraction. The preeent study was designed to 
inveetigate whether this one-operation theory for peychophysical 
judgment also applies to the sensory continuum of sweetness. 
Subjects were presented with pairs of f ructose eolutions. and 
judged "rat ios" of, or "differences" in, perceived swsetness 
intensities. The pairs were constructed on the baeis of a 
factorial judgment design. The results showed that the repor ted 
"differences" could be adequately described by a difference 
response model, and that the repor ted " rat ios" could be 
adequately describsd by a rat io response model. However, the 
repor tsd " rat ios" and repor ted "differences" wers monotonically 
re latsd, and the marginal means of the log-transformed response 
matrix of " rat ios" were a linear function of the marginal means 
of the responee matrix of "differsncee". These results are 
incompatible with the notion that eubjecte judged differences, 
when instructed t o judge "differences", and rat ios when 
instructed t o judge "rat ios". The consistency of the rat io 
response model with " rat io" judgmente is probably caused by a 
comparative operation based on "differences" in combination with 
an exponential reeponee output function. It is concluded, that 
subjects judge only "differences" between perceived sweetness 
inteneitiee, and not " rat ios". 
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INTRODUCTION 

For several perceptual continua, euch as, heaviness 

(Birnbaum & Veit. 1974; Meilers. Davis & Birnbaum. 1984). 

loudness (Schneider. Parker, Kanow & Farell, 1976; Birnbaum & 

Elmasian. 1977). pitch (Schneider, Parker & Upenieke, 1982), 

darkness of dot pat terns (Birnbaum, 1978; Meilers & Birnbaum, 

1982) and of gray papere (Veit, 1978), i t has been shown, that 

the way in which subjects compare the absolute magnitudes of two 

sensations elicited by a pair of stimuli is independent of the 

instructions. The type of comparison is the same when instructed 

t o judge "differences" or t o judge " rat ios". This cognitive 

operation can be deecribed by algebraic subtraction. Birnbaum and 

colleagues (e.g., Birnbaum. 1982; Meilers e t al., 1984) argued 

that under proper experimental conditions, "difference" 

instructions (e.g., category ecalee) induce a linear response 

output function, (i.e., the function relating subjective 

intensity "differences" t o observable "difference" responsee is 

linear). On the contrary, " rat io" instructione (e.g.. magnitude 

estimation), in which the numerical examples are geometrically 

spaced (e.g., the standard is 10; if a stimulus is 10 times 

stronger as the standard, assign the number 100; if a stimulue is 

1/10 as strong ae the standard, assign the number 1) are supposed 

to induce an approximately exponential reeponse function 

(Birnbaum, 1978; Birnbaum, 1980; Meilers e t aj... 1984). An 

exponential reeponse output function transforms perceived 

"differences" into numerical ratings that are consistent with a 

" rat io" response model. 

The empirical evidence in favour of Birnbaum's one-operation 

theory evolves from experiments in which the functional 

measurement approach, in combination with a two-stimulus 

procedure was applied (e.g. Anderson. 1974. 1981; Birnbaum, 

1982). In these experiments, paire of stimuli were presented 

under the instruction t o judge either the " rat io" or the 

"difference" between the subjective intensities of each of a 
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number of row stimuli, and each of a number of column stimuli. 

The results of these expsriments showed that repor ted " rat ios" 

were monotonie with, and an approximately exponential function of 

repor ted "diffsrencee". Such monotonicity is incompatible with 

the notion that subjscts repor t differences when instructed to 

judge "differences", and that thsy repor t rat ios when instructed 

t o judge "rat ios". The rank order in magnitude of repor ted rat ios 

must be different from the rank order in magnitude of repor ted 

differences, if each kind of instruction generates the 

comparative operation as intended (e.g., Veit, 1978; Birnbaum, 

1982). 

Monotonocity between difference and rat io judgments is an 

indication that subjects use ons comparative operation only under 

the condition that the peychological range of the sensory 

impressions of ths Expérimental stimuli is sufficisntly large. 

When the psychological range is small, "diffsrsnes" and " rat io" 

judgmente will have the same rank order, even if subjects 

distinguish between a psychological diffsrence and a 

psychological rat io (Ruls & Curtis. 1980; Schneider, e t aj., 

1982). Thsrefors. rank order bstwsen " rat io" and "difference" 

judgments must bs evaluated in combination with the peycholgical 

range of ssnsory impressions. 

This study was designed t o investigats whether or not the 

one-operation theory of comparative judgment holde fo r judgments 

of perceived sweetness intsnsity. The design of the etudy was 

similar t o that o f the studies prsviously c i tsd. whsre there were 

two experimental conditions, one fo r each type of instruction. In 

the "difference" condition, subjects were instructsd t o judge the 

"difference" in perceived swsstnsss intensity of two f ructose 

solutions, whilst in ths " rat io" condition, subjecte were 

instructed to judge ths " rat io" of the perceived sweetness 

intensitiss of two f ructose solutions. 



•136-

METHODS AND MATERIALS 

Subjects 

Forty paid volunteers were used as subjecte. All were 

undergraduate students from the Agricultural University, whose 

ages ranged from from 18 to 29 years. None of the subjects had 

prior experience in psychophysical scaling tasks. They were given 

no information about the aim of the experiment or the nature of 

the substances used. 

Stimuli 

The stimuli were solutions of f ructoss (Merck. 5321) 

dissolved in demineralized water. The concentrations of the eix 

f ructose solutions were 0.125, 0.218. 0.379, 0.660, 1.149. and 

2.00 M. A pair comprising of 0.125 M f ructose as the f i r s t 

stimulus, and 2.50 M f ructoss as ths second stimulus, served ae 

the reference pair. The solutions were prepared at least 24- hours 

prior t o tast ing, and were s tored at 4 degrees C fo r no longer 

than seven daye. 

Deeign 

The subjscts were randomly assigned t o each of two groupe of 

20 subjects. One group was instructed t o judge the "difference" 

in perceived ewsetneee inteneity between two stimuli of each 

pair, and the other group was instructed t o judge the " rat io" of 

the inteneitiee. 

Both conditions involved a B (number of di f ferent etimuli 

taeted f i re t ) timee B (number of d i f ferent stimuli tae ted sscond) 

symmstrical factorial judgmsnt design (Ds Graaf. Fr i j ters & Van 

Trijp, 1987). Thus, each of the six f ructose stimuli served ae 

both f i re t and second stimulus in all possible pairs of etimuli 

(i.e. 36 in total). 
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Procedure 

In both the "difference" and the " rat io" condition, the 

inetructione emphasized that only the sweetness intensity was t o 

be judged, and that the hedonic value and potential side tas tes 

were to be diereaarded. The subjecte were requested t o rinse 

their mouths thoroughly with demineralized water, both within and 

between pairs. Ths stimuli were preeented at room temperature, in 

polystyrene medicine cupe, each containing about 10 ml of 

eolution. The 36 pairs in ths factorial judgment design were 

presented in a random sequence, and in a different order for each 

subject. The reference pair CO.125 M f ructose as f i r s t and 2.5 M 

f ructose ae sscond stimulus) wae pressnted at the beginning of 

each seeeion, and again af ter the 12th and 24-th pair in each 

eeriee of 36. The "difference" between, or " rat io" of , perceived 

eweetness inteneities in this pair was expected to be larger than 

the "difference" in. or " rat io" of. any other pair t o be judged. 

The time interval between the two stimuli within a pair, as 

well ae the time interval between pairs, wae 50 seconds. Each 

subject tas ted a ssr iss of 36 pairs thres t imss, ons in sach of 

three eessions. 

"Diffsrsncs" task 

The subjecte were instructed to judge the magnitude of ths 

"dif fsrsncs" in psrceived swsstness intensity between the 

f i r s t and second stimulus of each pair. The ratings had t o 

beexpreeeed by a slaeh mark on a 250 mm visual analogue 

ecale (see De Graaf e t a[.. 1987), of which the middle was 

defined ae "the f i re t and second stimulus are equal in 

sweetness intensity". If the f i r s t stimulus was perceived ae 

sweeter than the eecond. the subject put a mark on the le f t 

eide of the ecale. Similarly, the subject put a mark on the 
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right side of the scale when the second stimulus was 

perceived ae being sweeter. The larger the "difference" 

between stimuli, the larger the distance of the mark from 

the middle of the scale. The lef t and the r ight anchors of 

the seals were labelled with "maximum difference". In the 

instructions "maximum difference" was defined as ths 

"diffsrence" in sweetness intensity between the stimuli of 

the reference pair. 

For data analysis, the ratings were msasursd as ths distancs 

in mm from the lef t anchor of the ecals. Thus, the numerical 

value 125 means no "difference", values below 125 indicate 

that the f i r s t stimulus was perceived as sweeter than the 

second, and valuss above 125 indicate that the sscond 

stimulus was perceived as swsster. 

"Ratio" taek 

Subjects were instructed t o judge ths magnitude of the 

"rat io" of the perceived eweetness intensity of the f i r s t 

and the perceived swsstnsss intsnsity of ths second etimulus 

of sach pair. They had to idsntify f i r s t , which stimulus of 

sach pair was ths sweetest , and subssqusntly t o assign a 

number reflecting the " rat io" of the perceived swsstnsss 

intensity of the sweetest stimulus and ths Isast swss tss t 

stimulus. If the f i r s t and eecond stimulus were equal in 

perceivsd sweetneee intensity, subjecte had t o assign the 

number one. The maximum " rat io" , being the " rat io" of the 

perceived Bwestnees intsnsities of the stimuli of rs fsrsnes 

pair, was dsclarsd in ths instructions t o be 25. 

RESULTS 

In Figure 1. panel A, the arithmetic means of "diffsrsnes" 

judgmsnts are p lot ted as a function of ths marginal mean of the 
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Figure 1. Panel A: Arithmetic means of reported 
"differences", averaged over subjects and replicates, plotted as 
a function of the scale values of the responses to the second 
stimulus with a separate curve for each concentration of the 
first stimulus. A scale value of 125 implies no difference, scale 
values above 125 imply that the second stimulus of the pair was 
perceived äs being sweeter, and scale values below 125 indicate 
that the first stimulus of the pair was perceived sweeter than 
the second. Panel B: The arithmetic means of the log-transformed 
reported "ratios" averaged over subjects and replicates, plotted 
as a function of the scale values of the log-transformed 
responses to the second stimulus with a separate curve for each 
concentration of the first stimulus. 

"difference" responses to the sscond (column) stimulus, with a 

ssparate curvs fo r each levsl of the f i r s t stimulus. A 

subtractive comparative opsration in combination with a linear 

judgmsnt function, implies that this factorial plot must exhibit 

six straight lines, which run parallel t o each other. This is 

confirmed by ANOVA. showing that row (second) » column ( f i rst) 

interaction is statist ically not significant [F(25.475)= 0.93. p 

> 0.5]. The row * column intsraction accounts fo r 0.16 % of the 

systematic variance (throughout this paper, systematic variance 

is ths variancs dus t o the f i r s t stimulus, ths second stimulus, 

and ths interaction between the f i r s t and second stimulus). 

The " rat io" responses consisted of numbers between 1 and 25, 

where about half of the responsss r e fe r rsd t o pairs in which the 
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f i r s t stimulus was psrcsivsd as ths sweetest , and the other half 

re fe r red to pairs in which the second stimulus was percBived as 

the sweetest. The " rat io" response matrix consisted of the 

numerical values, reflecting how many times the second stimulus 

was ra ted as swsstsr than the f i r s t stimulus (sweetness second/ 

swsstness f i rs t ) . So, if i t was r spor tsd that ths sscond stimulus 

was f ive times sweeter than the f i r s t stimulus, ths numerical 

value in the response matrix is f ive. Similarly, if i t was 

repor ted that the f i r s t stimulus tasted f ive times sweeter than 

the second stimulus, the value in the response matrix is 0.2 

(1/5). 

If rat io rssponse model applies, thsn ths matrix of 

ths natural logarithms of r spor tsd " rat ios" can bs dsscribsd by a 

subtractivs modsl. In Figurs 1, panel B. the arithmetic means of 

the log-transformsd " rat io" rssponsss are p lot ted ae a function 

of the marginal means of the log-transformed " rat io" responsss of 

the sscond (column) stimulus, with a separate curve for each 

level of ths f i r s t (row) stimulus. If the rat io reeponse model is 

valid, then ths linss within this panel must run parallel. 

However, parallelism is not a sufficisnt condition fo r ths 

conclusion that repor ted " rat ios" ars a linsar rsprsssntat ion of 

judged ra t ios , as will bs shown below. Visual inspection shows 

deviations from parallelism. This is confirmed by ANOVA. showing 

that the deviations from parallelism ars statist ical ly 

significant [F(25, 4-75) = 13.10. p < 0.0001]. This row * column 

intsraction accounts only fo r 2.4 % of ths to ta l systsmatic 

variancs. Thus, although ths dsviations from ths rat io modsl are 

statist ically significant, thsse deviations are not Substantivs. 

In summary, the difference response model is confirmed by 

ths reeul ts, and ths rat io response model provides a good 

description of ths data, although minor (but statist ical ly 

significant) deviations occur. Thus, ths resul ts of ths 

Experimental condition in which subjscts wsrs instructsd t o judge 

"differences", suggest that subjsctB havs judged di f fsrsncss 

indeed. Similarly, the reeults of the " rat io" condition suggests 
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Figure 2. Geometric means of reported "ratios" plotted a 
function of arithmetic means of reported "differences". 

Figure 3. Relationship between the scale values of the 
"difference" response matrix, and the scale values of the log-
transformed "ratio" response matrix. 

Figure 4. Scale values of the perceived sweetness intensity 
plotted as a function of the concentration of the fructose 
stimuli, averaged over the row and column scale values. The scale 
value of 0.125 M fructose was set equal to zero, and the scale 
values for the other stimuli were calculated as the absolute 
difference from this scale value. Thus, the origin of this scale 
is arbitrary. 
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that subjects have judged rat ios. On the basis of these resul ts, 

one might be inclined t o conclude, that eubjects judge 

differences, when inetructed t o judge "différences", and judge 

rat ios when instructed t o judge " rat ios". 

However, if both models are valid at the same time, then 

coneequently. the rank orders of repor ted "differences" and of 

repor ted " rat ios" must be di f fersnt (Birnbaum, 1978, 1980). 

Additional analysis (Figure 2) shows that repor ted " rat ios" are a 

monotonie function of repor ted "differences". The Spearman rank 

correlation coefficient between the geometric means of repor ted 

" rat ioe" and of the arithmetic means of repor ted "differencee" is 

0.996. This observation indicatss that subjects must have used 

the same comparativs operation in both judgmental taeke 

(Birnbaum, 1982). According to the one-operation theory, subjects 

judge only differences and not rat ios. If ths " rat io" 

instructions induce an exponential response output function, the 

seals values (i.e.. the marginal means) of the log-transformed 

rssponses of the " rat io" responss matrix must be a linear 

function of the seals values of the "difference" reeponse matrix 

(Birnbaum. 1980). Figure 3 shows that this is confirmed by ths 

data. The R-squared value of the function f i t ted by orthogonal 

linear regression (Hampton. 1983) is 0.998. This reeult aleo 

indicates that the deviations from paralleliem in the log-

traneformed " rat io" response matrix (earlier found t o be 2.4- % of 

the eystematic variance; see Figure 1, panel B) are not due to 

deviations from judged " rat ios" , but rssul t from deviations from 

an exponential response output function of judged "differences". 

Apparently, " rat io" instructions induce a rssponse output 

function, that t ransforms judged "differences" into reeponses. 

that are spuriously consistent with a ra t io model. 

Figure 4 ehowe the relationship between the f ructose 

concentration, and the mean scale value for-each stimulus 

averaged over the row marginal mean and the column marginal mean, 

for the "difference" reeponse matrix. This function is an 

empirical estimation of the psychophysical function of f ructose. 
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The magnitude of the psychological range of the sensory 

impressions in the present study can be eetimated by using the 

data from other studies on the sweetness intensity of f ructose. 

In the study of De Graaf s t a[ (1987) 0.125 M f ructose had a 

sweetnees intsnsity of 14- units, and 2.00 M f ructose had 

sweetness inteneity of 115 units on a rat io seals of psreeived 

sweetness intensity. The calculated rat io between these two 

sensory impressions is about 8. De Graaf & F r i j ters (1988) 

obtainsd scale values for 0.125 M and 2.00 M f ructose also on a 

rat io scale. In this study 0.125 M f ructose had a scale value of 

about 8, and 2.00 M f ructoss had a scale value of about 80, a 

calculated rat io of about 10. Thus the actual rat io between 2.00 

M f ructose and 0.125 M f ructose is about 8-10. Parksr s t §1 

(1982) have shown that this range is eufficiently large to 

produce non-monotonicity between judged rat ios and judgsd 

differsness, if subjects distinguished bstween psychological 

differsness and psychological rat ios. In addition, when subjects 

distinguished between differencee and ra t ios , the relationehip 

ehown in Figure 3 should be clearly non-linear (see Parker et aj.. 

1982; Figure 9), which is not the cass. 

DISCUSSION 

The résulte of this etudy concur with those of similarly 

designed experiments investigating other perceptual continua. If 

the results of both experimental conditions wsre analyzed 

separately, i t could have been concluded, that both the rat io and 

the difference responss model were valid. The psychological range 

of the sensory impressions in thie study was largs enough to 

produce a non-monotonic relationship bstwssn "diffsrence" and 

" rat io" judgments, if subjects had distinguished in actual fact 

between differences and rat ios of perceived swestnsss intensity. 

However, the monotone relationship between the arithmetic means 

of judged "differences" and the geometric means of judged 

" rat ios" , shows that either one of ths two response models must 
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be invalid. Apparently, subjects compared the perceived sweetness 

intensities of each pair in the same way, i rrespective of whether 

t o judge "differences" or t o judge " rat ios". It can therefore be 

concluded that Birnbaum's one-operation theory applies also to 

judgments of perceived sweetness intensity. The comparison 

between two subjective impressions is amenable to description by 

algebraic subtraction. 

The results from this study could also be explained by 

assuming that, subjects judged rat ios of perceived sweetness 

intensities (Birnbaum & Veit. 1974). instead of differences, in 

both the "rat io" and the "difference" judgment condition However, 

there is sufficient experimental evidence from studies on other 

perceptual continua t o conclude that the comparative judgmental 

operation relating two subjective impressions is a subtractive 

and not a rat io operation (Birnbaum & Meilers, 1978; Hagerty & 

Birnbaum, 1978; Meilers S. Birnbaum, 1982; Meilers e t al., 1984; 

Schneider e t aL, 1976; Scheider e t §|. 1982; Veit, 1978). 

Rule, Curtis and colleagues (e.g.. Rule & Curtis, 1980, 

1982; Rule, Curtis & Mullin. 1982) argued that subjects are able 

t o judge differences when instructed t o judge "différences", and 

are also able t o judge rat ios when instructed t o judge "rat ios". 

According to these authors, category ratinge are linear with 

subjective intensity, and magnitude estimation instructions 

induce a response output function which has the form of a power 

function. This two-operation theory predicts that the geometric 

means of repor ted " rat ios" are a non-monotonic function of the 

arithmetic means of repor ted "differences" (Rule & Curtis. 1980). 

It also predicts, that the scale values of ths log-transformed 

"rat io" response matrix are a logarithmic function of the 

marginal mesne of the "difference" response matrix (Birnbaum. 

1980). Figures 2 and 3 show that these data are not in line with 

either of both predictions, and hence do not support the two-

operation theory. 

The one-operation theory assumes that psychophysical 

judgment encompasses two stages, a psychophysical s tage, relating 
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physical intensity t o perceived intensity, and a judgmental 

s tage, relating perceived intensity t o observable response (e.g.. 

Attneave, 1962; Torgerson. 1961; Treisman, 1964). Anderson's 

functional measurement approach, in combination with a two 

stimulus procedure provides, a means of separating these 

processes. The parallelism in Figure 1, panel A indicates, that 

the judgmental stage can be described by a linear (difference) 

function. This implies that the function p lot ted in Figure 4 is 

an empirically estimated psychophysical function of f ructose, of 

which the scale values represent perceived sweetness intensities 

on an interval scale. 

This function has a sigmoid form when p lot ted on a log-

linear plot. This finding is in line with the results of De Graaf 

e t al, (1987) and De Graaf and Fr i j ters (1988), who used a 

similar methodology. The sigmoid shape of the psychophysical 

function of f ructose on a log-linear plot also implies that the 

psychophysical function of f ructose as assessed by the present 

procedure is not a power function. 

The two stage interpretation of psychophysical judgment (the 

S-O-R paradigm) conflicts with the S-R approach of Stevens (1975) 

and Moskowitz (e.g., 1970, 1971), who believed that sensory 

responses obtained using magnitude estimation instructions have a 

one t o one relationship with perceived t as te inteneities. 

Following the two-stage interpretat ion, we hold the view, that 

the observable rssponse is a behavioural parameter, which is not 

necessarily a linear representation of subjective intensity 

(Fri jters & De Graaf. 1987; Fr i j tere & Oude Ophuis, 1983). 

Investigators who have adopted the two stage interpretation of 

psychophysical judgment, have shown that the responses obtained 

using magnitude estimation ars a non-linear and positively 

accelerating function of subjective intensity (e.g.. Rule and 

Curtie, 1982; Veit, 1978; Weise, 1972). This implies that the 

power functions, which Stevens (1969) and Moskowitz (1970, 1971) 

obtained by magnitude estimation, do not re f lect the 

psychophysical functions as they intended. These (S-R) functions 
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comprise two functions; the psychophysical function (S-0), and 

the response output function (0-R). As the response output 

function depends on ssveral experimental fac tors (B.g., Baird & 

Noma. 1978). i t is not surprising that for example the exponente 

of f i t ted power functions for substances such as sucrose and NaCI 

(Meiselman, 1972). show a large variability. 
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CHAPTER EICHT 

CONCENTRATION OF SUCROSE AND NaCl: 
EQUALITY IN PERCEIVED TASTE INTENSITY 

Cees De Graaf and Jan E.R. Fr i j ters 

Chemical Senses. 1987, Vol. 12 no.4- in press 

ABSTRACT Results from some previous studies suggeet that sucrose 
and NaCl solutions have an equal perceived tas te intensity, when 
the molar concentration of sucross is 1.5 - 1.75 timee the molar 
concentration of NaCl. However, according t o other studies, 
sucrose and NaCl solutions tas te equally s t rong, when their molar 
concentrations are about equal. This issus was further pursued 
using the method of constant stimuli, whsre subjscts matched the 
perceived tas te intensity of NaCl solutions to f ive sucrose 
references, and vice versa. The results concur with prsvious 
findings that sucrose and NaCl solutions havs equal perceived 
t as t s intsnsit iss, whsn ths molar concentration of sucroee is 1.5 
- 1.75 times the molar concentration of NaCl. 
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INTRODUCTION 

For tas te research on mixturee and cross-adaptation, and fo r 

MDS applications to t as te , i t may be necessary t o know, which 

concsntrations of NaCI and sucross evoke equal perceived t as te 

intensities. 

The data of some previous studies suggest that ths perceived 

tas te intensity of sucroee and NaCI solutions is about equal, when 

ths sucrose concentration is 1.5 - 1.75 times the concentration of 

NaCI (concentration in mol subetance per l i t re solution = M) 

(Beebe-Center and Wadell. 194-8; Besbe-Csnter, Rogers and Atkinson, 

1955; Gillan, 1982; Frank and Archambo, 1986). 

According t o other authors (Bartoshuk. 1968. 1975; Kuznicki. 

Hayward and Schultz. 1983). sucrose and NaCI have about equal 

t as te intensitis8 whsn solutions of both substances are of equal 

molarity. In their cross-adaptation studies. Kroeze (1978. 1979). 

and Lawless (1982) used 0.32 M NaCI and 0.32 M sucrose as equi-

intense concentrations. Thess concentratione were based on 

Bartoshuk's inferences (Bartoshuk. 1975), that they elicit 

approximately equal perceived t as t s inteneities. However, the data 

of Schiffman, McElroy and Erickson (1980) suggeet that 0.15 M NaCI 

has the sams perceived t as t s intensity as 0.65 M sucrose, which is 

a concentration rat io of about four. 

In view of the apparent discrepancies, this study was 

undertaken t o further investigate the concentratione of sucrose 

and NaCI, which are perceived as bsing of equal intensity. A 

particular variation of the method of constant stimuli (Guilford, 

1954) was used, as i t had prsviously yisldsd rsliable results in a 

within-sweetness modality matching experiment (De Graaf and 

Fr i j ters . 1986). 

Beebe-Center and Wadell (194-8) repor ted that the 

concentrations at which sucrose and NaCI were of equal intensity, 

seemed t o depend on which of ths two substancse was ussd as the 

reference stimulus. For this rsason, i t was necsssary to carry out 

two experiments. The f i r s t experiment was designed t o determine 
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ths PSE's (Points of Subjective Equality) of NaCI eolutions t o 

f ive sucrose references. In the second experiment, which was 

carried out t o ver i fy the f i r s t , the concentrations of sucrose 

which matchsd the psrcsived tas te intsnsities of the previously 

obtained PSE's of NaCI wers determinsd. 

METHODS AND MATERIALS 

Subjects 

Ths subjsct8 wsre nine femals and one mals volunteers, 

ranging in age from 18 t o 25 years. All of the subjects, who wsre 

undsrgraduate students at ths Agricultural Univsrsity, had 

prsvious experience in psychophysical taBks. The wsre given no 

information about the aim of the experiment or the nature of the 

substancss used. 

Stimuli 

The stimuli were solutions of sucrose (Merck. 7653) and NaCI 

(Merck. 7651) dissolved in demineralizèd water. All solutions wsre 

prepared at least 24 hours before tast ing, and kept at 4 degrees C 

fo r no longer than one week. 

Experiment 1 

The concentrations of the f ivs reference sucrose solutione, 

were 0.125, 0.25. 0.50. 1.00, and 1.25 M. Each sucrose reference 

was compared t o a dif ferent ssriee of seven geomstrically spaced 

NaCI solutions. The concentrations of the middle stimulus of each 

of ths f ive different series of NaCI solutions, wsrs 0.075, 0.175, 

0.35, 0.75. and 0.90 M NaCI. reepectively. In all of the NaCI 

ser ies, the difference in concentration between two adjacent 

stimuli was 10%. For example, the concentrations of the stimuli 

compared to 0.50 M sucrose (one of ths reference stimuli) were 
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0.262. 0.289. 0.318, 0.350 (the middle stimulus). 0.385, 0.4-24, 

and 0.466 M NaCI. 

Experiment 2 

The reference stimuli were the PSE concentrations of NaCI, 

determined in experiment 1. i.e., 0.065, 0.136. 0.327, 0.558. and 

0.702 M NaCI (Table 1, column 2). Each of thess NaCI reference 

stimuli was compared to a different seriee of seven geometrically 

spaced sucrose solutions. The concentrations of the middle stimuli 

of ths f ive seriee were, 0.125, 0.25, 0.50, 1.00, and 1.25 M 

sucro8s respectivsly (i.s., the original reference sucross 

solutions, used in experiment 1). Within each series of sucross 

solutions, the difference between the concentrations of two 

adjacent stimuli was 10%. For example, 0.065 M NaCI was compared 

t o 0.094, 0.103, 0.114, 0.125. 0.138. 0.151. and 0.167 M sucrose. 

Procsdurs 

The msthod of constant stimuli was ussd (Guilford. 1954). In 

both experiments, the subjscts were instructsd t o idsntify the 

s t rongest stimulus within sach pair, i r respect ive of t a s t s 

quality. They were instructed to gusss whsn in doubt. Subjscts 

thoroughly rinsed their mouths with demineralized water between, 

but not within, pairs. 

The stimuli wsrs presented at room temperature, in pairs of 

polystyrsne medicine cups, each containing about 10 ml solution. 

At sach of the f ive levels of the reference substance and 

corrssponding series of comparison stimuli, 14 pairs wsrs 

prsssnted, i.e., seven times the refersncs tas ted f i rs t ly and ths 

comparison stimulus t as tsd sscondly, plus ssvsn t imss the reverssd 

order of tasting. The 14 pairs were presented in a di f ferent 

randomized order for each subjsct. Thus, in each ser iss of pairs, 

both sucrose and NaCI ssrved as f i r s t stimulus seven times. The 

interval betwsen pairs was 70 seconde. 
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The subjects tas ted each series of 14 pairs three times. In 

each of the 10 one-hour sessions, subjects tasted thrss series of 

14 pairs. 

RESULTS 

The NaCI concentrations which are equal in perceived tas te 

intensity t o the various sucrose rsferences, and the corresponding 

95% confidence intervals are shown in Table I, columns 2 and 3, 

respectively. PSE concentrations were calculated using Urban's 

solution fo r the method of constant stimuli (Bock and Jones, 

1968). For a detailed description of ths calculation procsdure 

ussd. the rsader is re fe r red to De Graaf and Fr i j ters (1986). 

The function relating the concentrations of sucrose and NaCI 

which are perceived as being of equal inteneity, was obtained by 

linear regression through the origin, with NaCI concentration as 

the dependent« and sucrose concentration as ths indspendent 

variable. The equation obtained is (Sucrose) = 1.67 (NaCI). having 

an R-squarsd value of 0.998. 

Table II, column 2 shows the concentrations of sucrose equal 

in perceived tas te intensity t o the PSE concentrations of NaCI, as 

determined in the f i r s t experiment. The 95% confidence intervals 

are shown in column 3. The linear function through the origin 

relating the NaCI concentration t o equi-intenss sucrose 

concentrations is (NaCI) = 0.57 (Sucrose). This function also has 

a R-squared value of 0.998. 

If the relationship between the concentrations at which 

sucrose and NaCI are of equal intensity, is independent of the 

type of reference stimulus (sucrose or NaCI), then the PSE's of 

sucrose obtained in experiment 2, should be identical t o the 

original reference sucrose levels in experiment 1. Table II. 

column 4, shows that of the various sucrose concentrations equal 

in perceived t as t s inteneity t o the PSE's of NaCI. four out of the 

f ivs are about 5% lower than the original reference sucrose 

solutions. However, for these four concentrations, the 
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Table I. Concentrations, and 95% confidence intervals, 
of NaCl solutions equal in perceived taste intensity to five 
sucrose references. 

95% confidence 
interval of PSE. 

Concentrât ion of 
sucrose reference 

(M) 

0.125 
0.250 
0.500 
1.000 
1.250 

PSE of 
NaCl 
(M) 

0.065 
0.136 
0.327 
0.558 
0.702 

0.060 - 0 .070 
0 .123 - 0 .152 
0.293 - 0 .365 
0.466 - 0 .669 
0.624 - 0 .789 

Table II. Concentrations of sucrose and 95Z confidence 
intervals, equal in perceived taste intensity to five NaCl 
references, and deviations (in X) from the original reference 
sucrose concentrations (see Table I). 

Concentration PSE of 95% confidence (PSEBUcr-REFBUcr) 

of NaCl ref. 
(M) 

sucrose 
(M) 

interval of PSE 
(M) 

(REFQUCr) 

(%) 

0.065 
0.136 
0.327 
0.558 
0.702 

0.117 
0.210 
0.481 
0.957 
1.182 

0.109 - 0.125 
0.197 - 0.224 
0.445 - 0.520 
0.860 - 1.064 
1.108 - 1.310 

6.8 
16.0 

3 .8 
4 .3 
5 .4 

corresponding original sucrose concentrations (Table I) all fall 

within the 95% confidence intervals. This is not the case for the 

sucrose concentration equal in perceivsd t as te intensity t o 0.136 

M NaCl, where the PSE of sucrose obtained in the second experimsnt 

is 16% lower than ths original rs fsrencs sucrose solution (0.25 

M). 

DISCUSSION 

The results of this study concur with ths data of Bsebe-

Center and colleagues (Beebe-Center and Wadell. 1948; Beebe-Center 
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et al.. 1955). Gillan (1982), and Frank and Archambo (1986). 

Beebe-Center e t al. (1955) s ta ted that sucrose and NaCI tas te 

equally s t rong when the sucrose concentration is about 10 times 

the ealt concentration, when the concentrations of both substances 

are expressed in grams solute per 100 grams solvent. If the 

concentrations are re-expressed in M (Handbook of Chemistry and 

Physics. 1979-1980; Myers, 1982). ths sucrose concentration is 

1.51 (salt as reference) - 1.54 (sugar as reference) times the 

salt concentration. The data of Frank and Archambo (1986) suggest 

that the sucrose concentration must be 1.76 times the salt 

concsntration. This figure was obtained by equating the f i t t ed 

logarithmic functions, which relate sugar and salt concentration 

to to ta l perceived t as te intensity (both functions have an R-

squared value of 0.999). 

The8S findings do not concur with ths sucrose and NaCI 

concentrations mentioned by Bartoshuk (1975). and Kuznicki e t al. 

(1983). These authors suggested that sucrose and NaCI have equal 

perceived t as ts intensities at about equal molar concentrations. 

The present results also not in line with the figures given by 

Schiffman e t al. (1980). which suggest, that 0.65 M sucrose 

matches the intensity of 0.15 M NaCI. 

The experiment repor ted herein, and that of experiment 

of Beebe-Center and Wadell (194-8), both employed the method of 

constant stimuli, which is ".. generally regarded ae the most 

accurate and most widely applicable of all psychophysical methods 

•/" (Guilford. 1954, p. 118). The data of Frank and Archambo 

(1986) were obtained by ratings on a 21- point category scale. 

Since the same response scale wae used fo r both sucrose and NaCI 

solutions, the intensities of sucrose and NaCI eolutions are 

expressed in the same units, enabling comparison of the perceived 

tas te intensities of sucrose and NaCI. 
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In choosing equi-intense concentrations of sucrose and 

NaCI, Kroeze (1978, 1979) relied on the data given by Bartoshuk 

(1975). Lawless (1982) also used Bartoshuk's concentrations, when 

replicating part of Kroeze'e work (Kroeze.1978, 1979). Bartoshuk 

(1975) apparently derived her f igures for equistrong sucrose and 

NaCI solutions, by interpretation of previously repor ted data 

(Bartoshuk. 1968). However, the details given in the earlier 

paper, do not make i t clear, how she deduced that 0.32 M sucrose 

is equal in perceived t as te intensity t o 0.32 M NaCI. Since 

Kuznicki e t al. (1983) do not describe how they arrived at the 

equistrong concentrations of sucrose and NaCI solutions, i t is 

impossible to evaluate their findings. 

In conclusion, there is a lack of convincing experimental 

evidence t o support previous suggestions, that sucrose and NaCI 

are equally s trong at equal molar concentrations. However, three 

se ts of experimental data confirm that sucrose and NaCI are 

perceived as equally intense, when the molar concentration of 

sucrose is 1.5- 1.75 times ths molar concentration of NaCI. 

The results of this study do not allow a definite conclusion 

to be drawn, regarding previous observations that the relationship 

between concentrations of sucrose and NaCI having the same 

perceived tas te intensity, depends on which substance is used as 

the reference. In one out of the f ive cases, the PSE of sucrose 

obtained in the second Experiment dif fered significantly from the 

sucrose reference used in the f i r s t experiment. The fac t , that the 

shift in the relationship between PSE's of sucrose and NaCI in 

this study, is opposite t o the shift found by Beebe-Center and 

Wadell (194-8), further confounds this issue. 
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CHAPTER NINE 

INTERRELATIONSHIPS AMONG SWEETNESS, SALTINESS AND TOTAL TASTE 
INTENSITY OF SUCROSE, NaCl AND SUCROSE/NaCl MIXTURES 

Cees De Graaf & Jan E.R. Fr i j ters 

ABSTRACT The sweetness, saltiness and to ta l tae te inteneity of 
sucrose, NaCl and sucroee/NaCI mixtures was assessed using a 
combination of a functional measurement approach and a two 
stimulus procedure. The scale valuee obtained were linear with 
perceived sweetness, saltineee and to ta l t as te intensity. The 
reeults showed that the psychophysical functions of sucrose and 
NaCl were poeitively accelerating at low concentrations and 
negatively accelerating at high concentrations. The to ta l t as te 
inteneity of eucroee was equal t o the sweetness inteneity of 
sucrose, and the to ta l tae te inteneity of NaCl was equal t o i t s 
ealtinees. NaCl had a eweet side taete of which the magnitude was 
independent of i te concentration. Sucroee/NaCI mixtures were 
swester than the corresponding sucrose solutions when tas ted 
alone when both the NaCl and the sucrose concentration were low. 
Sucroee/NaCI mixtures were perceived as being lees eweet than 
eucroee when either the eucroee or the NaCl concentration was 
high. The saltiness of sucrose/NaCI mixturee was lower than the 
saltineee of unmixed NaCl. The saltiness of sucrose/NaCI mixtures 
depended only on the NaCl concentration and was independent of 
the eucroee concentration. The to ta l t ae te inteneity of 
sucrose/NaCI mixtures could be well predicted by the equsre-root 
of the eum of the equared intensitiee of i te componente when 
taeted alone. The to ta l t as te Intensity of sucrose/NaCI mixtures 
was approximately equal t o the eum of the eweetnese and ealtineee 
of the mixturee. Sweetness and saltiness had about equal weights 
in determining the to ta l tae te intensity of sucrose/NaCI 
mixtures. 
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INTRODUCTION 

Several perspect ives and various psychophysical methods have 

been used in the past t o study the taete interaction between 

sucroee and NaCI (Frank and Archambo. 1986). Most of the research 

focused on the relationships between the sweetness and saltinees 

of sucro8e/NaCI mixtures on ths one hand, and the sweetneee and 

saltiness of unmixed sucrose and NaCI on ths other hand (e.g. 

Beebe-Center, e t gl... 1959; Indow, 1969; Kamen, e t aL, 1961; 

Pangborn, 1962). The conclusions of thsse studies di f fer, but 

eome generalizations can be made. In a number of studies i t was 

observed that the sweetness intsnsity of a sucrose/NaCI mixture 

containing a high concsntration of NaCI was lower than ths 

perceived sweetness of equally concentrated unmixed sucrose 

solution (e.g., Beebe-Center, e t al. 1959; Kamen e t §[.. 1961; 

Pangborn. 1962). Some studies aditionally showed that a mixture 

of a particular concentration sucroee and a low concentration of 

NaCI. wae perceived as being sweeter than the same sucrose 

concentration tas ted alone outeide the mixture (e.g., Beebe-

Center e t ej... 1959; Kamen, e t al,, 1961; Pangborn. 1962). 

Obviously, low concentrations of NaCI added t o sucrose solutions 

enhance the swsetness intsnsity. Ths res/eree seems not t o be the 

caee. The saltinees of sucrose/NaCI mixturee is lower than the 

saltiness of unmixed NaCI solutions i rreepective of the sucrose 

concentration (e.g., Beebe-Center e t a},. 1959; Pangborn. 1962). 

Another issus addressed in previous mixture studiee is the 

relationehip of the to ta l t as te inteneity of a mixture t o the 

perceived taete inteneitiee of the mixture's constituents whsn 

tas ted seperately (e.g.. Bartoshuk, 1975; Moekowitz, 1972). Frank 

and Archambo (1986) concludsd that the to ta l t as t s intensity of 

sucrose/NaCI mixturss is always less than the sum of the to ta l 

t as te intensities of the unmixed componente. They also concluded 

that the degree of "eubadditivity" increases with increasing 

concentrations of both solutee. 

The present study was assigned t o investigate a number of 
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INTRODUCTION 

Several perspectives and various psychophysical methods have 

been used in the paet t o study the taete interaction between 

eucrose and NaCI (Frank and Archambo. 1986). Most of the reeearch 

focused on the relationships between the sweetness and saltiness 

of sucrose/NaCI mixtures on the one hand, and the sweetness and 

saltiness of unmixed sucrose and NaCI on the other hand (e.g. 

Beebe-Center, e t §!., 1959; Indow, 1969; Kamen, e t aj... 1961; 

Pangborn. 1962). Ths conclusions of theee studies di f fer, but 

soms generalizations can be made. In a number of étudies i t was 

observed that the sweetness intensity of a sucrose/NaCI mixture 

containing a high concentration of NaCI was lower than the 

perceived sweetness of equally concentrated unmixed sucrose 

solution (e.g.. Beebe-Center, e t aL 1959; Kamen e t a|.. 1961; 

Pangborn, 1962). Some étudiée additionally showed that a mixture 

of a particular concentration sucrose and a low concentration of 

NaCI, was perceived as being sweeter than the same eucrose 

concentration taeted alone outside the mixture (e.g., Beebe-

Center e t aL, 1959; Kamen, e t aj... 1961; Pangborn, 1962). 

Obviously, low concentrations of NaCI added t o sucrose solutions 

enhance the sweetness intensity. The reverse eeeme not t o be the 

caee. The ealtineee of sucrose/NaCI mixturee is lower than the 

saltinsss of unmixsd NaCI solutions i rreepective of the sucroee 

concentration (e.g.. Beebe-Center e t aj.., 1959; Pangborn, 1962). 

Another issue addreeeed in previous mixture studies is the 

relationship of ths to ta l t as te intensity of a mixture t o the 

perceived tas te intensities of the mixture's constituents when 

tasted eeperatsly (e.g., Bartoshuk, 1975; Moskowitz, 1972). Frank 

and Archambo (1986) concludsd that the to ta l taete inteneity of 

eucroee/NaCI mixtures is alwaye lees than the sum of the to ta l 

t as te intensities of the unmixed components. They also concluded 

that the degree of "subadditiyity" increases with increasing 

concentrations of both solutes. 
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The present study was designed t o investigate a number of 

specific relationships between the sweetness, the ealtinees. and 

the to ta l taete intensity of sucrose, NaCI. and Bucrose/NaCI 

mixtures. Ths conceptual framework specifying these relationships 

is i l lustrated in Figure 1 and explained in the Theory section. 

As argued eleewhere (De Graaf & F r i j tere, 1987b; De Graaf e t ah. 

1987), a proper deecription of the t as te interaction phenomena 

requires that ths psrcsivsd t as te intensities are assssssd on a 

linear response scale. The methodology used in the preeent 

investigation t o obtain scale values of perceived taete 

intensitiee on a linear response seals was similar t o that of 

Ds Graaf Ä Fr i j tsrs (1987b), and Ds Graaf e t aj.. (1987). The reader 

is re fe r red t o these papers for a detailed description. It was 

based on a functional msasurement paradigm in combination with a 

two stimulus task (Andsrson, 1974; Birnbaum, 1982). In the 

sxpsrimsntal procedure subjects compara ths ssnsory imprsssion of 

each of a number of ' row' ( f i rs t ) stimuli with the sensory 

impreeeion of each of a number of 'column' (second) etimuli. This 

t yps of design is called a factorial judgment design. 

THEORY 

In ths scheme outlined in Figurs 1, each relationship has a 

numbsr. This is elaborated in a separate paragraph. The notation 

used is in lins t o that proposed by Fr i j tsrs (1987). Throughout 

this papsr ths physical concentration of an unmixsd solution is 

denoted by "Ö": the symbol " * " is used t o dsnots the physical 

concsntration of a mixturs of substances. The t as te intensity of 

single substances (i.e.. outside ths mixture) is denoted by "m". 

The tas te intensities of mixturss and of the compounds within 

mixtures are denoted by "V. The roman subscripts "a" and "b" 

re fer t o the chemicals sucrose and NaCI. respectively. The 

subscripts j. and i r sprsssnt particular concentrations of sucross 

and NaCI in mol/L. Ths greek subscripts "a" and "ß" r s f s r t o ths 

t as ts qualities "sweet" and "salt" , respectively. The subecript 
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Concentration Concentration 

single sub- mixture. 
stances 

Specific taste Specific taste intensity Total taste inten -
intensity un- mixture. sity unmixed com
mixed compo- ponents. 
nents. 

Total taste inten -

sity mixture. 

Fig. 1. Outline of specific relationships between the sweetness, 
saltiness, and to ta l taste intensity o f sucrose, NaCl and sucrose/NaCl 
mixtures. 

" T " r e fe rs t o the " to ta l " t as te intensity which is defined as the 

subjective magnitude of a particular t as te percept i r respect ive 

of i t s quality. 

Explanation of Figure 1 

1) When i. mol of substance A (= Qaj) and I mol of substance 

B (= obi) a-e added together and subsequently dissolved in one 

l i t re of water, a mixture concentration ftabu is obtained. The 

to ta l concentration of the mixture is ([ + j.) mol/L provided that 

no chemical reaction has taken place. This operation represents 

physical mixing. 

2) The lines connecting öBi and Mian (2A). and ö b i and m^ 

(2B), represent the psychophysical functions for ths sweetness of 

sucross and the saltiness of NaCl. rsspsct ively. 
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3) The concentrations öBj. and Obi Oive r ise t o the 

perceived to ta l t as te intensities TJJ-CJ. and V>XL. reepectively. 

These relationships ars described by ths psychophysical functions 

for the total t as te intensity of sucrose and NaCI, respectively. 

4-A) The line connecting V)t*L and W*l describee the 

relationship between the sweetness intensity and the to ta l taete 

inteneity of sucrose. If eucrose elicits only a swset t as te , this 

relationehip can be described by an identity function (ni<*i = 

UITL). 

4B) The connection between mei and UTi deecribes the 

relationship between the saltiness and the to ta l t as te intensity 

of NaCI. If NaCI would elicit only saltiness, the relationship 

could be described by an identity function. The reeulte of varioue 

studies, however, suggest that some concentrations of NaCI have 

an additional sweet taete (e.g., Bartoshuk e t a[., 1978; Kroeze. 

1982a). 

5) Each mixture of concentration ftBbu evokes a particular 

total t as te intensity W^u. The relationship between *Bbu. 

and Vxu Is determined by the psychophysical function of the 

mixture. 

The experimental determination of a psychophysical function 

of a mixture of tas tants is more complicated than establishing 

such a function fo r a single substancs. In most expérimente the 

physical inteneity of a stimulus variée over one dimension, 

whereas in binary mixtures of t as te substancss two stimulus 

dimensions are being manipulated (i.e., the concentrations of 

each of the two substances in the binary mixtures). Thie problem 

can be handled by conceiving a binary mixture ae if i t were one 

particular t ype of t ae te stimulus. This was dons by Fr i j ts rs & 

Dude Ophuis (1983), who introduced the concept of "equiratio 

mixture type". The la t ter authors defined an equiratio mixture 

type as a series of mixtures with dif ferent concentratione, but 
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an equal rat io of i ts constituent components ( i / j . =constant). 

A psychophysical function fo r a particular equiratio mixture t ype 

can be determined in the same way as such a function fo r a single 

eubstance. The measurs of physical intensity of a mixture is the 

sum of the concentrations of i t s components. 

6) The individual t as te qualities of sucrose and NaCI can be 

reliably identified in mixtures of thess substances (Kuznicki & 

Ashbaugh, 1982). The mixture ftBbu gives r ies t o a particular 

sweetness intensity Vai and a particular saltinese intensity Vpj. 

The swsetness and the saltinese intensities of a sucrose/NaCI 

mixturs percept depend on the psychophysical functions of both 

substances and on the central interaction between eweetness and 

saltiness (Kroeze. 1978, 1979). 

7) The function between \»C*L and Van, deecribes ths 

relationship between the perceived sweetness intensity of a 

particular sucrose concentration tas ted ae a single substance and 

ths sweetness intensity of a sucross/NaCI mixture of the same 

sucrose concentration as the unmixed substance. As noted above, 

thie relationship has been investigated exteneively 

(e.g., Beebe-Center e t a[.. 1959; Kamen e t al. ,1961; Pangborn. 

1962). The same holds fo r the function between uipj. and Vpj, 

describing the relationship between saltineee of unmixed NaCI 

solutions and that of mixturee of NaCI and sucrose. 

8) The relationehip between the to ta l t a s t s intsnsity of a 

sucrose/NaCI mixture (VTU). and both the to ta l t as te inteneity of the 

constituent sucrose concentration tas ted independently (.VrO and 

the to ta l t as te intensity of the constituent NaCI concentration 

tas ted independently (TIITX) can be assessed in various waye. 

One way is t o compare the to ta l t as t s inteneity of the 

mixture with the sum of the to ta l t ae te intensity of sucrose when 

tas ted seperate from the mixture plue the to ta l t as te intensity 

of NaCI when tas ted by i tself Qfxu. <—> V>rL + Vtxj). This was 
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called "the summated comparison rule" (De Graaf & F r i j ters ; 

1987a, 1987b). Two other ways fo r comparing the single substance 

intensities with the mixture intensity are the "factorial plot 

comparison rule" and the "equimolar comparison rule" (De Graaf & 

Fr i j ters , 1987b). 

The factorial plot comparison originates from Anderson's 

thsory of information integration (Anderson, 1981). It was 

rscently applied in taete psychophysics by McBride (1986) and 

Frank & Archambo (1986). When thie rule ie applied, the nature of 

the t as te interaction is infsrred from the pat tern of lines in a 

factorial plot. In the case of sucrose/NaCI mixtures thie could 

be a plot of the to ta l t as te inteneity ae a function of the total 

t ae te intensity level of sucrose with a separate curve f o r each 

of the to ta l t as te inteneity levels of NaCI. If the lines in such 

a plot d ivergs. synergism has takes place according t o McBride 

(1986). If the lines run parallel, addition occurs, and when the 

lines converge, the two tastante suppress each other. 

When the equimolar comparieon rule is ueed the t as te 

intensitiee of the mixturee and single compounds are compared at 

equimolar concentrations ($Sbu = 9ai = Obi). F ° r example, the 

total t as te intensity of 1.0 M of the sucross/NaCI .50/.50 

equiratio mixture type is compared with ths to ta l t as te intensity 

of 1.0 M NaCI and with the to ta l t as te intensity of 1.0 M 

sucrose. 

9) The relationship between the to ta l t as te intsnsity of the 

mixture WTu.) and both ths perceived sweetness intsnsity of 

sucross (WOÜ) and the saltiness of NaCI when tasted outside the 

mixture (niRi). can be studied in a way similar t o the 

relationship discussed in the previous paragraph. It can be 

inveetigated using the summated response comparison rule, the 

factorial plot comparieon rule, or the equimolar comparieon rule. 

Theee rules have been explained above. 

A prerequisite fo r the application of theee rulee ie that 

the sweetnees intsnsity of sucrose, the ealtinese intensity of 
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NaCI, and the to ta l t as te intensity of the mixtures are expressed 

in the same unit. Thus, a saltiness intensity of f ivs units on 

the saltiness scale must be subjectively equal t o a sweetness of 

f ive units on ths sweetness scale, and also t o a to ta l intensity 

of f ive units on the to ta l t as te intensity scale. 

10) The lines connecting Von and Vei with VTLL. describee 

ths rslationships between the sweetness and the saltiness of the 

mixture and the to ta l t as te intensity of the mixture. These 

relationehipe are the result of cognitivs and/or perceptual 

integration processes. 

Frank and Archambo (1986) suggested that the to ta l t as te 

intensity of a sucrose/NaCI mixture percept is less than the sum 

of the sweetness and saltinees of ths mixture. Other 

investigators have tacit ly assumsd that the to ta l t a s t s intensity 

of a particular complex t as t s percept is the sum of the specific 

t as ts intensities, i.e., sweetness, saltiness, sourness and 

bi t ternese (Bartoshuk. 1975; McBurney & Bartoshuk, 1973; 

Moskowitz, 1972). In ths la t ts r studiee, the over-all or to ta l 

t a s t s intensity was dstermined by calculating the sum of the 

specific taete intensities. 

METHODS AND MATERIALS 

The entire study consisted of three investigations of 

similar design. One fo r assessing the sweetness, one fo r assessing 

the saltiness, and one fo r aseeesing ths total t a s t s intensity of 

sucrose, NaCI, and sucrose/NaCI mixtures. Each of the three 

investigations consisted of 18 expérimente and each of these 

experiments employed a factorial judgment deeign (De Graaf and 

Fr i j ters, 1987b; De Graaf e t al.., 1987). 

Subjects 

The subjects were fourteen paid volunteers, twelve women and 
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two men. ranging in age from 18 t o 26 years. All were students of 

the Agricultural Univereity. All subjects had had previous 

experience with psychophysical tasks. 

Stimuli 

The etimuli were solutions of rsagsnt grads sucrose (Msrck: 

7653). reagent grade NaCI (Merck: 7651) and mixtures of theee 

substances in demineralized water. 

Figure 2. panel A. shows the concentrations and compoeition 

of the experimental stimuli. Ths concentrations of both the 

unmixed sucrose solutions as well as ths unmixed NaCI solutions 

were 0.00 (water). 0.125. 0.250. 0.500, and 1.00 M sucrose and 

NaCI. reepectively. The mixturee were constructed on the basis of 

a " factorial mixing design" (Ds Graaf & F r i j ts rs . 1987b; McBride. 

1986). Each of the afore mentioned NaCI concentratione was mixsd 

with each of the afore mentioned sucrose concentrations, 

resulting in 16 binary mixturee. In addition. 0.0625 M NaCI wae 

mixed with 0.0625 M sucrose, resulting in a 0.125 molar solution 

of the eucrose/NaCI .50/.50 equiratio mixture type. 

In each of the three inveetigatione subjecte were presented 

with a reference pair. The f i r s t stimulus of ths rsference pair 

was alwaye water. The second stimulus of the rsference paire were 

1.25 M sucrosB. 1.25 M NaCI, and 4.50 M of the sucrosB/NaCI 

.50/.50 equiratio mixture type (a mixture containing 2.25 M 

sucrose and 2.25 M NaCI), in the "sweetness", "saltineee", and 

" tota l inteneity" investigation, reepectively. 

Solutions were prepared at least 24 hours bsfore tasting and 

wsre not s tored fo r longer than one week, the s torags tsmpsrature 

being 4 degrees C. 

Dssign 

The designs fo r the inveetigatione "sweetness", "saltiness", 

and " to ta l intensity" were similar t o each othsr, and therefors . 



-168-

only the design for the "sweetness" investigation will be 

discussed in detail. Where specific differencee. did occur they 

will be mentioned. 

As noted above the "eweetnsse" investigation consisted of 

18 expsrimsnts, each of which employed a factorial judgment design. 

A factorial judgmsnt design (used t o check the linearity of the 

responss scale) implies that eubjecte are presented with pairs of 

stimuli. Each stimulus of a pair is one stimulus of a seriee of 

"row" ( f i ret) stimuli, or "column" (second) stimuli. When two 

single substances are used, a simple m x n deeign can be 

employed, where m and n denote the number of concentrations of 

the f i re t and eecond stimulus. When mixtures instead of single 

compounds have t o be incorporated in a factorial judgment design, 

the situation becomes mors complicated. In a design involving 

single substancss. the series of row and column stimuli vary ovsr 

one dimeneion (i.e., the concentration level of each of the 

substances). When binary mixturee are used, the seriee of row or 

column stimuli vary over two dimensions (i.e., the concentration 

levels of each of the two components). This problem can be 

overcome by conceiving a mixture as if i t were a single 

substance. This was achieved by using the concept of an equiratio 

mixture type, where the mixturee have different to ta l 

concentrations but a constant rat io of constituent componsnts. A 

psychophysical function fo r an equiratio mixture t ype can then be 

constructed in the same way as such a function fo r a singls 

substance (Fri j ters & Oude Ophuie, 1983). 

In order t o incorporate all the experimental stimuli in 

factorial judgment deeigns. nine series of stimuli wsrs 

constructed: two series of single substances (sucross or NaCI), 

and ssvsn series of d i f fsrsnt sucrose/NaCI equiratio mixture 

types. Thsss series ars surroundsd by the undaehed lines in 

Figure 2, panel A. Water being the 0.00 M solution of each 

etimulus t yps was included in each of these series. 

Each of ths nine seriee of experimental stimuli wsre 

compared with regard t o perceived sweetness intensity with thres 
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Fig. 2. Panel A shows the total concentration and 
composition of the nine series of experimental stimuli. The 
series of unmixed sucrose, unmixed NaCl and the seven different 
equiratio mixture types are surrounded by the undashed lines. 
Water was included in each of the nine series. This is shown 
only for the series of unmixed sucrose, unmixed NaCl and the 
sucrose/NaCl 0.50/0.50 equiratio mixture type. Panel B shows the 
concentration and composition of the three series of stimuli to 
which each of the series of stimuli shown in panel A were 
compared. In the sweetness investigation each of the series in 
panel A were compared to the series of sucrose stimuli in panel 
B. In the saltiness investigation the series in panel A were 
compared to the series of NaCl stimuli shown in panel B, and for 
the total taste intensity investigation the series of panel A 
were compared to the series of sucrose/NaCl 0.50/0.50 mixtures 
of panel B. 

sucrose solutions. 0.00 (water), 0.250, and 1.00 M sucrose. Thsse 

lat ter stimuli ars shown in Figure 2, panel B. Each of the 

solutions in the ssr iss of three sucrose stimuli was prsssnted as 

f i r s t stimulus in nine experiments, and as sscond stimulus in the 

othsr nine experiments. 

In the "saltins8s" invsstigation, each of the nins series of 

experimental stimuli was compared with respect t o saltiness to 

sach stimulus in a series of th rss NaCl solutions, 0.00 (watsr), 

0.125, and 1.00 M NaCl. In the " tota l intsnsity" invsstigation, 

each of the nine ssr ies of stimuli was compared with regard to 

" tota l t as te intensity" t o each stimulus of a ssr iss of three 

mixtures. 0.00 (watsr), 0.50 , and 2.00 M of ths sucrose/NaCl 

.50/.50 equiratio mixturs typs. 

To summarizs, ths to ta l study consisted of 54- experiments 
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(three investigations of 18 experiments). In every experiment 

each stimulus of one of the series of stimuli from Figure 2A was 

compared t o each stimulus of one of the series of stimuli from 

Figure 2B. 

Procedure 

Except fo r the instructions and response scale the 

experimental procedures for each of the three investigations were 

identical. Only the experimental proceduree fo r the "sweetness" 

inveetigation will be describsd and where differences occur in 

experimental proceduree these will be pointed out. 

The subjects were instructsd t o judge the magnitude of the 

difference in perceived sweetness intsnsities (saltiness, to ta l 

t as t s intensity) between the f i r s t and second stimulus of each 

pair. The instructions emphasized that only the sweetness 

(saltiness) intensity was t o be judged, and that the hedonic 

value and side t as tes of stimuli were t o be disregarded. In the 

" tota l intensity" investigation, subjects were instructed t o 

judge the t as te intensity, i r respect ive of quality, and they were 

asked t o include every quality they perceived. The judgmente were 

expressed by a slash mark on a 250 mm visual analogue scale. The 

middle of the scale was defined ae ' the f i re t and eecond stimulus 

are equal with reepect t o perceived sweetness intensity' 

(saltiness, total t as te intensity) (De Graaf e t aj., 1987; Figure 

3). If a subject perceived the f i r s t stimulus as sweeter 

(saltisr, having a highsr to ta l t as te inteneity) than the eecond. 

he placed a mark on the left side of the scale according to the 

magnitude of the difference. Similarly, the subject marked the 

r ight side of the scale when the second stimulus was perceived as 

eweeter (saltier, having a higher to ta l t as te intensity). The 

lef t and r ight poles of the scale were labelled 'maximum 

difference'. In the inetructions 'maximum difference' wae defined 

as the difference in swsetneee (saltiness, to ta l taste) intensity 

between the stimuli of the reference pair, i.e. water as f i r s t 
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etimulus and a 1.25 M sucrose (1.25 M NaCI. 4.50 M sucrose/NaCI 

.50/.50) solution as second stimulus. Ths difference bstween the 

stimuli of the rsfsrence pair was expected t o be larger than the 

diffsrsnce in any other pair. A response was measured ae the 

distance in mm from ths Isf t pols of the scale. A response valus 

of 125 msant no diffsrence. a value above 125 meant that the 

second stimulus was percsivsd as being swsster (saltisr, having 

the highest to ta l t as te intsnsity) than the f i r s t ons, and a 

valus bslow 125 indicated that the f i r s t stimulus was psrceived 

as being ths sweeter (saltier, having the highest to ta l t as te 

inteneity) of the pair. 

The subjects were requested t o r inss thsir mouths 

thoroughly with demineralized water, both within and between 

pairs. The stimuli were presented at room tsmpsrature (20 degrees 

C). in polystyrene medicine cups. Each cup contained about 10 ml 

of solution. The pairs of each factorial design were presented in 

a random sequence and in a dif ferent order for each subject. The 

reference pair was presented at ths beginning of each session, 

and again a f t s r the 12th and the 24th pair of each eession. Ths 

time interval between the f i re t and second stimulus of a pair was 

40 ssconds; ths interval between paire was also 40 ssconds. Each 

of ths 18 factorial assigns of each investigation was preeentsd 

twice t o each subject. Ths order of pressntation of the 18 

expérimente of each investigation was randomizsd. It took each 

subject 10 one-hour eeeeions t o complete each invsstigation so 

that 30 ss8Sions wsre needed t o complete the entire study. Ths 

order of the three inveetigations involvsd that "sweetness" 

invsstigation was bsing carr isd out f i r s t , the "saltinees" 

invsstigation second, and the " tota l tae te inteneity" 

investigation was being carried out last. 

RESULTS 

In ordsr t o be able t o quantify the relationships outlined 

in Figure 1. i t is necessary t o obtain three separate scale 
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valuee for the sweetness, the saltiness, and the to ta l t as te 

intensity, for each of the experimental stimuli. A procedure t o 

obtain such values has recently been developed by De Graaf & 

Fri j ters (1987b) and De Graaf e t a[. (1987). It was applied again 

t o the present data. The reasoning behind these calculation 

procedures will not be repeated here. However, a brief outline of 

the psychometric propert ies of the response scale and an 

explanation of the derivation of the scale values will be given 

in the next section. For a more detailed discussion the reader is 

r s fe r red t o the papers msntioned in this paragraph. 

Psychometric propert ies of response scale and derivation of scale 

values 

In order t o check the linearity of the response scale, 

analyses of variancs wars carried out fo r each individual subject 

and fo r each factorial design in each of the three 

investigations. The indicator fo r nonlinearity, the Row x Column 

interaction was tes ted for stat ist ical significance against the 

Row x Column x Replication as er ror term. Out of 758 analyses, 

ssvsn showed a 8ignificant interaction at the p < 0.01 level. 

None of the subjscts had more than one significant interaction. 

Analysée of variance wers also carr isd out on group Isvel. For 

each of the 54 factorial judgment designs, ths Row x Column 

interaction was tes ted fo r significance againet the Row x Column 

x Subject interaction. In three caeee, the interaction appeared 

t o be significant at the p_ < 0.01 level. None of theee 

interactions howsver. accounted for a substantial proport ion of 

the to ta l variance (maximally 0.38 %). In all experiments the 

responses obtained are obviouely a linear function of perceived 

taete intensity diffsrsncee. Coneequently the marginal meane of 

the row and column stimuli are validated estimatee of the 

perceived t as te intensity on a linear scale (Anderson, 1981). 

Each factorial design yielded two marginal means for water; 

one fo r water as row stimulus and one fo r water as column 
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stimulue. The marginal means for water were eet equal t o zero eo 

that the scale values of the other etimuli could be estimated by 

jcalculating the difference bstwssn their marginal meane and the 

marginal mean of water in that same experiment. The final scale 

value fo r each stimulus was calculated by averaging the ecale 

value(e) for that stimulus tas ted as f i r s t stimulus of each pair, 

and the ecale value(s) fo r that stimulus taeted ae second 

etimulue of each pair. All data were averaged over subjects and 

replicatee. 

If i t is assumed that water has no sweet, no ealty, and no 

to ta l t as te inteneity then the dsrivsd seals values rsprsssnt 

t as te inteneitiee on a rat io seals. 

Ths sweetness of sucrose and the saltinees of NaCI (Fig. 1: 2A. 2B) 

Figure 3, panels A and B. shows ths psychophysical functions 

for ths sweetness of sucrose and ths psychophysical function of 

ths saltiness of NaCI on a log-linear plot. At low concentrations 

doubling the concentration (for example from 0.125 M t o 0.25 M) 

yields a more than double sweetness or saltiness inteneity. At 

high concentrations (for example from 0.50 M to 1.0 M), doubling 

the concentration yields a lass than doubla eweetneee or 

ealtinese intensity. It can thus bs concludsd that the 

psychophysical functions for ths swsetneee of sucrosB and the 

saltiness of NaCI are poeitively accelsrating at low 

concsntrations and nsgatively accelerating at high 

concentrations. 

It is notsd that the units of the swestnsss scale are not 

necessarily equal t o the unite on the saltiness seals. The unite 

on each scale are relat ivs t o the difference in t as te intensity 

elicited by the refsrsnes pair in each inveetigation. As 

msntioned under ths section Msthods and Materials, ths reference 

pair in the "sweetneee" investigation coneieted of water and 1.25 

M sucrose. The reference pair in the "ealtiness" invsstigation 

consisted of water and 1.25 M NaCI. It hae been ehown, that the 



-174-

perceived sweetness intensity (<4>aî> 

® 
100-

80 

60H 

w 

20H 

perceived saltiness intensity ((fßj) 

® 

0.125 0.250 0.500 1.000 

sucrose concentration (M)(<t>ai) 

W<- 0.125 0.250 0.500 1.000 

NaCl concentration (M) ($b j ) 

Fig. 3. Panel A shows the psychophysical function of the 
sweetness of sucrose. Panel B shows the psychophysical function 
of the saltiness of NaCl. The error bars around each point 
represent the 95 X confidence interval for each scale value. The 
units of the sweetness scale and the saltiness scale are not 
equal. 

t as te intensity of 1.25 M NaCl is higher than the t as te intensity 

of 1.25 M sucrose (Beebe-Center & Waddell. 1948; Beebe-Csnter e t 

a[. 1955; Ds Graaf & Fr i j ters , 1987c), so that the sams number of 

units (mm) on the saltiness seals r sprsssnts a largsr diffsrence 

in t as te intensity than on the sweetness scale. 

Sweetness and saltiness of sucrose and NaCl compared t o the 

swestnsss and saltinsss of sucross/NaCI mixtures (Fig 1: 7 A and 7B) 

Figure 4, panel A. shows the swsstnsss of sucrose, NaCl, and 

ths mixtures, as a function of ths sweetness of sucross, with a 

separate function fo r each NaCl concentration. 

Analysis of variancs of these data showed significant 

e f fec ts for sucrose [ F(4.52) = 213.02, p_ < 0.001], NaCl 

[F(4,52) = 8.01, p. < 0.001)], and the sucross by NaCl interaction 

[F(16,208) = 4.26, p_ < 0.001]. 
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Fig. 4. Panel A shows the sweetness intensity of sucrose, 
NaCl and the sucrose/NaCl mixtures as a function of the 
sweetness of sucrose with a separate curve for each NaCl 
concentration. Panel B shows the saltiness of NaCl, sucrose and 
the sucrose/NaCl mixtures as a function of the saltiness of NaCl 
with a separate curve for each sucrose concentration. The units 
in panel A and panel B are not equivalent. 

Visual inspection of Fig. A. panel A, shows that the 

sweetness intsnsity of sucross/NaCI mixtures is highsr than ths 

sweetness intensity of the corresponding unmixsd sucross 

solutions when both the sucross concentration and the NaCl 

concsntration are low. Sucross/NaCI mixtures are Isss swest than 

unmixed sucrose, when either ths sucross or the NaCl 

concentration is high. This pat tern of t as te interaction is 

similar t o that observed by Frank & Archambo (1986; Fig. 7). 

The four almost coinciding points on ths y-axis of panel A 

represent the sweetnese ths unmixsd NaCl solutions. Thsss points 

show that each unmixed NaCl stimulus elicits a sweet t as te of 

about the same magnitude. An analysis of variance of these data 
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show8 that the average eweetneee of unmixed NaCI d i f fers 

significantly from that of water [F(1, 13) = 7.19 , p_ = 0.02 ] . 

and that the sweetness intensity appears to be independent of the 

concentration level [F (3,39) = 1.15, p. = 0.30 ] . Kroeze (1982a) 

concluded that NaCI has a sweet side t as te , both at weak 

concentrations and higher concentrations. The prssent findings 

suggest that the sweetness intensity of NaCI is indepsndent of 

the NaCI concentration. 

Figure 4 panel B shows the saltiness of sucrose, NaCI. and 

sucrose/NaCI mixtures as a function of ths saltiness of NaCI. An 

ANOVA shows statist ically significant e f fec ts of NaCI [ F(4,52) = 

194,90. p_ < 0.001]. sucrose [ F (4.52) = 18.77. p_ = 0.001), and 

the sucrose by NaCI interaction [ F (16,208) = 4.18, p_ < 0.001 ]. 

However, if the responses to the unmixed NaCI stimuli are omitted 

(i.e., the straight top line in Fig. 4B), the stat ist ical 

significance of the e f fec ts of sucrose [ F(3,39) = 1.80. p_ = 

0.16]. and that of the sucross by NaCI interaction [ F(12. 156) = 

1.33, p_ = 0.21] disappears. 

Visual inspection of panel B shows that the saltiness of all 

sucross/NaCI mixtures is lower than the saltiness of ths 

corresponding unmixed NaCI concentrations in all cases. The 

results of the stat ist ical analysis suggsst that the four lower 

functione in this panel do not dif fer from each other. This 

implies that the saltiness of sucrose/NaCI mixtures containing 

both sucrose and NaCI depends only on the NaCI concentration and 

not on the sucrose concentration. 

The points on the y-axis of panel B show ths saltiness of 

the unmixed sucrose solutions. ANOVA of thess data shows that ths 

saltiness of sucrose does not dsviate significantly from that of 

water [ F(1.13) = 0.12. p_ > 0.5 ] . and is independent of the 

concentration level ([ F(3. 39) = 0.29, p_ > 0.5 ]. Sucrose does 

not elicit a salty tas te . 
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• = NaCl 
G = suc/NaCl 0.50/050 
o = sucrose 

0.125 0.250 0.500 1.000 
concentration (M) 

Fig. 5. The psychophysical functions for the total taste 
intensity of sucrose, NaCl and the sucrose/NaCl 0.50/0.50 
equiratio mixture type. 

Total t as te intensity of sucrose. NaCl. and sucrose/Nad mixtures 

(Flo. 1: 3A. 38. 5. 8) 

As noted in ths Theory section, the relationship between the 

to ta l t as te intensities of sucrose. NaCl and sucross/NaCI 

mixtures can potsntially be describsd according t o thres 

di f fsrent comparison rules. In ths subssqusnt paragraphs such 

relationships ars establishsd according t o the equimolar 

comparison, ths factorial plot comparison, and the summatsd 

rssponse comparison rule (De Graaf & Frï j ters, 1987b). 

Figure 5 is a log-linear plot of the psychophysical 

functions for the to ta l t as te intensity of sucrose, NaCl and the 

sucross/NaCI .50/.50 equiratio mixture type. For each of these 

psychophysical functions i t can be concluded that at low 

concentrations doubling the concentration yields a more than 

double to ta l t as te intensity, whereae at high concentrations, 

doubling the concentration yields a less than double to ta l t as te 

intsnsity. Each of these psychophysical functions is posit ivsly 

accelerating at low concentrations and negatively accelerating at 
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Fis. 6. Tbe total taste) intensity of sucrose, NaCl and tbe Fis. 7. The relationship between the total taste Intensity of 
sucrose/Haa Mixtures as a function of tbe total taste intensity of sucrose/NaCI Mixtures and tbe sua of the total intensities of its 
sucrose, with a separate curve for each KaQ concentration. components when tasted alone. 

high concentrations, when p lot ted on linear-linear 

coordinates. This conclusion might not become evident from 

visual inspection of Fig. 5. It should be kept in mind however 

that the units on the x-axis are p lot ted logarithmically. 

An ANOVA of thess data shows that ths psychophysical 

functions fo r the to ta l t as te intsnsity of sucrose, NaCl and the 

eucroee/NaCI .50/.50 mixture type do not differ. Thie conclusion 

can safely be drawn, because the main e f fec t stimulue type and the 

interaction e f fec t stimulue type x concentration are 

statietically insignificant [ F(2,13) = 1.82, p_ = 0-18. and 

F(6. 78) = 1.56, p_ = 0.16, respectively]. 

Figure 6 ehows the to ta l t as te intensity of the experimental 

stimuli ae a function of the total t as te inteneity of unmixed 

sucrose with a separate curve fo r each concentration of NaCl. The 

curvee ehow a convergent pat tern. The distance between the curves 

decreases as the to ta l t as te intensity of sucrose increases. 

Analysis of variance shows that the e f fecte of sucrose [F(4,52) = 

87.23, p_ < 0.001 ] , NaCl [F(4,52) = 195.72, p_ < 0.001 ] , and the 

sucrose by NaCl interaction [FC16.208) = 6.72, p_ < 0.001 ] are 

statist ically significant. Whsn the factorial plot comparieon 

rule is applied, a statiscally significant convergent pat tern of 

lines implies suppression (McBride, 1986). In this case i t means 

that sucross and NaCl in a mixturs suppreee each other with 

respect t o to ta l t a s t s intsnsity. 
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Fioure 7 shows the relationship between the to ta l täe te 

intensities of the mixtures and the sum of the to ta l t as te 

intensities of i t s components according t o the summated 

comparison rule. From this Figure i t is evident that the to ta l 

taete intensity of a mixture ie always less than the sum of the 

total t as te intensities of the unmixed componente. This finding 

is in line with the observation of Frank & Archambo (1986). 

Frank & Archambo (1986) investigated whether the vec to r -

summation model (Berglund e t aj... 1973) could be applied in 

describing the relationship between the to ta l t a s t s intensity of 

the mixture and the to ta l t a s t s intensities of the unmixed 

components. They ussd the formula: 

VTU = (U»TI**2 + UJTJ**2 + 2iDTiUiTi.cos o0»*0.5. 

where a r eprsssnts the angle between the sucrose intensity 

(repreeented as a vector in a subjective space) and the NaCI 

inteneity (aleo repreeented as a vector). Thie angle is supposed 

to r s f l sc t the degree of qualitative dissimilarity between the 

t a s t s qualities of eucrose and NaCI. Frank & Archambo (1986) 

varied the value of <y t o minimize the average abeolute deviation 

of the mixture intensitiee predicted by the model from the 

mixture intsnsitiee experimentally obtained. They obtained a 

value fo r a of 110 degreee. With this value fo r m, the vector 

addition model provided a reasonable prediction fo r the observed 

mixture inteneities. A similar analysis of the pressnt data 

yielded a valus fo r ot of 87 degrees i.s. ths sucross and NaCI 

axis are nearly orthogonal. Using this valus fo r a the msan 

absolute deviation of the predicted values from the obeerved 

valuee was 2.4-0; the mean relat ive deviation [{(value predicted -

value observed)/(value observed)) * 100 %] wae -2.62 %. It 

appears that the to ta l t as t s intensitiss of sucrose/NaCI mixturee 

can be accurately predicted by a pythogarean summation modsl of 

ths intensities of the unmixed componente [ VTu = (niti.**2 + 

iHti*»2)*»0.5]. 
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Sweetness and to ta l t as te intensity of sucrose, and saltiness and 

total t as te intensity of NaCI (Fig. 1: 4A. 4B). 

Before discussing the reeults regarding the relationships 

between the eweetness of sucrose and ths saltiness of NaCI and 

the to ta l t as te intensitiee of these tastants several points 

should be coneidered. As argued above the units of the 

"sweetness" scale, the "saltiness" scale, and the " to ta l " t as te 

intensity seals are not subjectively equal. All judgments in each 

inveetigation were made relative t o the difference in t as te 

intensity of the reference pair. The perceived t as te inteneity of 

4.50 M of the Sucrose/NaCI .50/.50 equiratio mixture t ype is 

larger than the perceived taete intensity of either 1.25 M NaCI 

or 1.25 M sucrose. Therefore, a particular number of units on the 

total intensity scale repreeent a larger subjsctive t as te 

inteneity than the same number of unite on the sweetness ecale 

and the saltiness scale. This impliee that if the to ta l t as te 

inteneity of sucrose ie perceived as identical t o the sweetness 

intsnsity of sucrose then the seals values of ths to ta l t as te 

intsnsity of sucrose must be lower than the scale values of the 

sweetneee intensity of sucross. Ths same holds fo r the ecale 

valuee of NaCI. 

Figure 8, panel A. shows the relationship between the scale 

values of sucross on the sweetneee scale and the seals values of 

sucrose on the to ta l tae te inteneity scale. If the sweetneee 

intensity of sucrose were identical t o the to ta l t as te inteneity 

of sucrose, then these scale values would differ with a 

multiplicative constant only. This would necessarily imply that 

the peychophysical functions for ths swsstnsss of sucross must bs 

identical t o the psychophysical function fo r the to ta l tae te 

inteneity of eucroee, except fo r the multiplicative conetant. 

Thie conetant was estimated by orthogonal linear regression 

through the origin (Hampton, 1983; Kendall & Stuart, 1961; 

Snedecor & Cochran, 1976). I ts numsrical valus is 0.56, and ths R 

squarsd value of the f i t t ed line is 0.995 (sss Figure 8A). Af ter 
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Fig. 8. Panel A shows the relationship between the sweetness and 
total taste intensity of sucrose. Panel B shows the relation between 
the saltiness and total taste intensity of NaCl. The straight lines 
were obtained by linear orthogonal regression through the origin. The 
error bars parallel with the y-axis represent the 95 X confindence 
intervals for the scale values of total taste intensity. The error bars 
in panel A and B parallel to the x _ a x i s represent the 95 % confidence 
intervals for the scale values of sweetness and saltiness respectively. 

multiplying the scale values of the sweetness of sucrose with 

0.56, ANOVA showsd that the psychophysical functions fo r the 

sweetness and to ta l t as te intensity of sucrose ars similar 

[F(3.39) = 1.19. p_ = 0.33 ]. To summarize, i t can be concluded 

that ths swsetness intensity of sucross does not dif fer from ths 

total t a8 ts intsnsity of sucrose. 

The above reasoning would be incorrect in one special case 

only, that is if sucrose elicits side tas tes of magnitudes which 

are a constant f ract ion of the sweetness intensity and add to 

sweetness t o form the to ta l t as te intensity of sucross. Ws assume 

that this is not the case. 



-182-

FigurB 8, panel B. shows the relationship between the 

scale values of NaCI on the saltiness ecale and the scale values 

of NaCI on the to ta l t ae te intensity scale. These data were 

analyzed in the same way ae the data discussed in the two 

previous paragraphs. The straight line through the origin has a 

R squared value of 0.996. The multiplication factor between both 

eets of scale values is 0.67. A f ts r multiplying the ecale values 

of NaCI on the saltiness scale with 0.67, ANOVA showed that the 

peychophysical functions fo r ths saltiness and to ta l t as te 

intensity of NaCI are eimilar [ F(3,39) = 1.39, p_ = 0.26 ]. 

I t can therefore be concluded that although NaCI has a 

sweet side tae te . i t seems that only the saltiness déterminée the 

total t as te intensity of NaCI. In this analysis i t is assumed 

that NaCI has no aids t as tes , which are a constant f ract ion of the 

saltiness, and which add t o the saltiness t o form ths to ta l 

intensity. 

Total t as te intensity of sucrose/NaCI mixtures in relation t o the 

eweetness and saltiness of ths componsnts tas ted outside the 

mixture (Fig. 1: 9). 

The adjustments of ths seals values ae described in the 

previous ssction has lead t o équivalant units fo r sweetness, 

saltiness and to ta l t as te intensity. As was explained in the 

Theory ssction, knowing these scale valuee is a prsrequisits fo r 

assessing ths relationship bstween the to ta l tae te inteneity of 

eucroee/NaCI mixtures and both the sweetness and ths ealtinees of 

the mixture'e constituents. 

These relationships need not be analyzed separately because 

they can be deduced from previous analysée. In the analysis above 

i t was assumed that ths sweetness intensity of sucrose is equal 

t o ths to ta l intensity of sucross and also that the saltiness 

intensity of NaCI is eimilar t o the to ta l t a s t s intsnsity of 

NaCI. If these assumptions are correct then the relationship 

between the to ta l tae te inteneity of the mixture and the 
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combination of the sucrose sweetness and NaCI saltiness is equal 

t o the relationship between the to ta l t as te inteneity of the 

mixture and the combination of sucrose to ta l intensity and NaCI 

to ta l t a s t s intensity. The lat ter relationship was already 

diecus8sd in one of the previous paragraphs and given in a visual 

form in the f igures 5, 6. and 7. 

Sweetness intensity and saltiness intensity of eucross/NaCI 

mixtures in relation t o the to ta l t as te inteneity of sucrose/NaCI 

mixtures (Figure 1: 10). 

As argued above multipying ths scale values on ths 

sweetness ecale with 0.56. and multipying ths scale values on the 

saltiness scale with 0.67, yields equivalent units of sweetness. 

8altinss8. and to ta l t as te intensity. This standardization 

enablss a further study of the t as te integration of the sweetness 

and saltiness of sucross/NaCI mixtures when forming the total 

tas te intensity of eucross/NaCI mixtures. 

The relationehip between the to ta l t as te inteneity and thB 

sweetness and saltiness is inveetigated by using the eummated 

response comparison. Table 1 shows the sweetness intensity, the 

saltiness intensity, the sum of thess two and the to ta l t as te 

intensity of ths experimental stimuli in equivalent units. It 

appears that the sum of the sweetness and saltiness is a good 

approximation of the to ta l t as te intensity. 

The average difference between the sum of the sweetnese and 

saltiness t o the observed intensities is 0.14; ths average 

absolute difference is 3.77. The mean relative deviation 

[{(sweetnesB mixture + ealtineee mixture) - ( total t as te 

intensity mixture)/(total t as te inteneity mixture)}* 100 %] is -

1.60 %. The msan of the absolute valuee of the relative deviation 

is 7.61 %. Multiple linear regression through the origin, with 

the saltiness and sweetnees as indepentdent variables and the 

to ta l t as te inteneity as dependent variable yields the regression 

equation f t u = 1-00 Van + 0.92 Vpj. , having a R squared value 
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Table 1. Sweetness intensity, saltiness intensity, the sum of the 
sweetness intensity and saltiness intensity and total 
taste intensity of Sucrose/NaC1 mixtures. 

Cone. 
sucrose 

(M) 

0.125 
0.125 
0.125 
0.125 

0.250 
0.250 
0.250 
0.250 

0.500 
0.500 
0.500 
0.500 

1.000 
1.000 
1.000 
1.000 

Cone. 
NaCl 
(M) 

0.125 
0.250 
0.500 
1.000 

0.125 
0.250 
0.500 
1.000 

0.125 
0.250 
0.500 
1.000 

0.125 
0.250 
0.500 
1.000 

Sweetness 
mixture 

12.0 
13.3 
8.9 
5.0 

19.4 
22.8 
19.4 
14.4 

37.1 
36.5 
36.6 
26.5 

52.5 
51.4 
47.0 
42.7 

Saltiness 
mixture 

5.8 
10.2 
28.8 
55.9 

4.1 
12.8 
25.1 
51.6 

3.7 
9.1 

27.7 
51.8 

6.3 
8.2 

24.2 
50.7 

Sum of 
sweetness and 

saltiness 

17.8 
23.5 
37.7 
60.9 

23.5 
35.6 
44.5 
66.0 

40.8 
45.6 
64.2 
78.2 

58.8 
59.6 
71.1 
93.3 

Total 
taste 

intensity 

17.6 
26.8 
41.6 
62.8 

31.7 
36.8 
43.1 
65.5 

44.4 
46.8 
57.5 
71.0 

55.2 
64.8 
71.2 
81.7 

of 0.993. The obtained regression equation suggests that the 

sweetness and saltiness have about equal weights in determining 

ths to ta l t as te intensity. 

DISCUSSION 

The methodology used in the pressnt study resulted in 

validated scale values of the perceived sweetness, saltiness and 

to ta l t as te intensity of sucrose, NaCl and sucross/NaCI mixtures. 

These scale values are a linear function of differences in 

perceived t as te intensity. If i t is assumsd that watsr has a 

tas te intsnsity of zero then the obtained scale values resprBsent 

t as te intensitiss on a ra t io seals. 

The prssent results ars f i r s t discussed with reference t o the 
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conceptual framework of Fig. 1. Subsequently they will be 

compared t o the results of other studies. 

Ths main conclusions to be drawn from the results of the 

present study are: 

1) The psychophysical functions for the sweetness of sucrose 

(Fig. 1, 2A) and the saltineee of NaCI (Fig. 1, 2B) are 

poeitively accelerating at low concentrations and negatively 

accelerating at high concentrations (on linear-linear coordinates). 

2) The same holds fo r the psychophysical functions fo r the 

total tae te inteneity of sucroee (Fig. 1. 3A) and the to ta l t as t s 

inteneity of NaCI (Fig. 1, 3B). 

3) The psychophysical functions fo r ths sweetness and to ta l t as te 

inteneity of sucrose have a similar shaps (Fig 1, 2A = Fig 1. 3A) and 

ths earns applies fo r the psychophysical functions of ths saltiness 

and to ta l t as te intensity of NaCI (Fig. 1. 2B = Fig. 1, 3B). The data 

suggest that the sweetneee intensity of sucroes is identical t o the 

total t as te intsnsity of sucroee (Fig. 1, 4-A is an identity 

function), and that saltiness of NaCI is identical t o ths ra ted to ta l 

t as te intensity of NaCI (Fig. 1. 4B is also an identity function). 

The plausability of ths la t ts r two suggestions dépende on the 

assumption that the sucroee/NaCI mxitures do not elicit side tas tes 

which are a constant fraction of the sweetness/salt iness and which 

add t o the sweetness/salt insss t o form the to ta l t as te intensity. 

4) Ths sweetness of sucross/NaCI mixtures is highsr than the 

sweetness of the corresponding unmixed sucross concentratione when 

both the sucroee concentration and the NaCI concentration are low. 

When either the sucrose concsntration is high or the NaCI 

concentration is high, sucrose/NaCI mixtures are less sweet than 

unmixed sucrose (Fig. 1, 7A). The saltineee of sucross/NaCI 

mixtures is lower than the saltineee of the correeponding unmixed 

NaCI concentrations. The ealtiness of eucroes/NaCI mixturBB 
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depends only on the NaCI concentration and not on the sucrose 

concentration (Fig. 1, 7B). 

5) The psychophysical functions fo r the to ta l t as te intensity of 

sucrose (Fig. 1. 3A). NaCI (Fig. 1, 3B) and the eucrose/NaCI 

.50/.50 mixture (Fig. 1. 5) do not differ. 

6) The total tae te intensity of sucrose/Nad mixtures is less 

than the sum of the to ta l tae te inteneity (= sweetness) of the 

corrssponding unmixed sucrose concsntration plus the to ta l t ae te 

intensity (= saltinees) of the corresponding unmixed NaCI 

concentration (Fig. 1, 8 and 9). The to ta l tae te inteneity of a 

eucrose/NaCI mixture can be well predicted by the square roo t of 

the sum of the squared taete intensities of i te unmixed 

components. 

7) Ths total t as te intsnsity of sucrose/NaCI mixtures is about 

equal t o the sum of the sweetness and saltiness of sucrose/NaCI 

mixtures (Fig. 1, 10). Sweetness and saltinesB have about equal 

weighte in determining the to ta l t as te inteneity. 

The comparison of the preeent resul ts with the results of 

other studies will focus on two issuss: 

1) the sweetness of sucrose and saltinees of NaCI compared t o 

the sweetness and saltiness of sucrose/NaCI mixtures [Fig. 1, 7A 

and 7B: ( Uio«. < > V«i, m«. < > * « . )L and. 

2) the interrelationships among the to ta l t as te intensity of 

sucrose/NaCI mixturee. the sweetneee and saltineee of those 

mixture and the to ta l t as te (= sweetness) intsnsity of the 

conetituent sucrose concsntration tas ted alone and the to ta l 

tae te (= saltiness) intsnsity of the constituent NaCI 

concentration tas ted alons (Fig. 1: 8. 9. 10: [ VTU < > 

(HiTi, TliTi) or (moo, liny), and ( * T U < > Van, * « ) ] . 

Sweetness and saltiness of sucrose and NaCI compared t o the 
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sweetness and saltiness of sucrose/NaCI mixtures. 

The conclusions of ths prsssnt study ars in broad agrssmsnt 

with the results of various other studies (s.g., Bssbe-Center e t 

a±, 1959; Frank & Archambo, 1986; Indow, 1969; Pangborn. 1962). 

When the results ars examined in mors detail, however, 

discrepancies can be seen. These will discussed below, and 

possible explanations fo r ths differences in ths rssul ts obtainsd 

by various studies will be examined. 

It is a wall sstablishsd fac t , that the magnitude of the 

difference between the sweetness of a sucross/NaCI mixture Q¥<tj) 

and the sweetness of sucrose CVoci) depends on both the sucrose 

concentration and ths NaCI concentration. The pressnt reeults 

euggest that ths mixture is sweeter than unmixed sucrose when 

both the sucrose and the NaCI concentration ie lower than 0.50 

M. Ths mixturs is leee sweet than unmixed sucrose when either the 

sucrose or the NaCI concentration is high (i.e., 1.00 M). Thees 

results are in agrssmsnt with ths rssul ts obtained by Frank & 

Archambo (1986) and Indow (1969). 

Similar t rends can also be noticed in ths rssul ts of other 

studies. Bssbs-Csnter e t aL (1959), Kamen e t a[. (1961) and 

Pangborn (1962) concluded that sucrose/NaCI mixturee with low 

concentratione of sucrose and low concsntrations of NaCI are sweeter 

than unmixed sucrose and that highly concentrated sucrose/NaCI 

mixturss are less sweet than unmixed sucrose. However, the 

concentrations of both substances at which ths mixture shi f ts from 

being sweeter t o being leee sweet than sucrose, are substantially 

lowsr than found in ths prsssnt study. For instance, Pangborn (1962) 

found that a mixturs of 0.20 M sucrose and 0.17 M NaCI was less sweet 

than 0.20 M sucrose taeted alone. For just-above-threshold NaCI 

concentrations. Kamen e t aL (1961) noted that the shift f rom 

enhancement towards supprsssion occurs between 0.015 M and 0.18 M 

sucrose. In lins with thsss la t ter rssu l ts , Bartoshuk (1975), Kroeze 

(1979), and Lawless (1982) obssrvsd that a mixture of 0.32 M NaCI and 

0.32 M sucrose is lees sweet than 0.32 M sucrose tas ted alone. 
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With respect t o the saltiness of sucrose/NaCI mixtures, the 

present results suggest that the saltiness of sucrose/NaCI 

mixturee is lower than the saltinese of corresponding NaCI 

solutions. This gsneral conclusion is in line with the 

observations of Bartoshuk (1975). Beebe-Center e t a[. (1959). 

Frank & Archambo (1986), Kroezs (1979). Lawlsss (1982), and 

Pangborn (1962). Indow (1969) and Kamen e t §[. (1961) obtained 

different results. They repor ted that the saltiness of 

euorose/NaCI mixturee was approximately equal t o the saltiness of 

corresponding NaCI solutions. 

However, when the reeults of the studies are examined 

more closely, differences between the varioue results emerge. The 

outcome of the present study suggests that the saltiness of 

sucrose/NaCI mixtures depends on the NaCI concentration only and 

not on the sucrose concentration. The results of Beebe-Center e t 

aL (1959) suggeet that the difference between the saltinsss of 

ths mixtures and unmixed NaCI increases with increasing 

concentrations of NaCI and with increasing concentratione of 

sucrose. Frank & Archambo (1986) r spo r t sd that this difference 

wae largest at the highest eucross concentratione (0.30 and 1.00 

M sucrose) and at the intermediate NaCI concentrations (0.21 -

0.34). 

Ths differences between the reeulte of the various studies 

can be reconciled by refering t o several f ac to rs , two of theee 

will be discussed below. One reason may be variance in samples of 

subjects whilst another may be that dif ferent perceptual and/or 

cognitive processes have occurred in di f ferent experiments. 

Some support fo r the f i r s t explanation can be found in the 

observations of Pangborn (1962). and Kroeze (1982b) who noted 

that there are large differences between subjects with respect t o 

mixturs suppression. Krosze (1982b) obeerved that although the 

average sweetness reeponse t o 0.32 M sucrose and 0.32 M NaCI wae 

lower than the average sweetness response t o 0.32 M sucrose 

tas tsd alone, about 20 % of his subjects perceived the mixture as 

being equally sweet or sweeter than t!i3 unmixed sucrose. Another 
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illustration of the large differencee in individual responses to 

t as te 'mixtures can be found in the data of Kroeze (1979). 

Averaged over the responees of 12 subjecte in that experiment, 

the saltiness of a mixture of 0.32 M sucrose and 0.32 M NaCI ie 

59.1 % lower than the saltiness of 0.32 M NaCI. However, thsre 

was one subject who perceived the mixture as being saltier than 

the unmixed NaCI. Another subject judged the saltiness of the 

mixture nine times lees strong than the saltiness of the unmixed 

NaCI. 

Since the résulte of most studies are based on the data of 

ten subjects or leee (Bartoshuk, 1975: 9 Ss.; Beebe-Center e t 

§!.. 1959: 2 Ss.; Indow. 1969: 8 Se.; Kroeze. 1978: 6 Ss.; 

Lawlees. 1982: 10 Ss; Pangborn. 1962: 10 Ss.) i t is possible that 

differences between samples of subjects have contributed t o the 

different results obtained. 

Another explanation might be that differencee occurred in 

the perceptual and/or cognitive proceeeing of the inteneities of 

single tas te qualities in mixtures. With respect t o the 

perceptual and/or cognitive proceeeing of tae te mixtures there 

appears t o be one central factor , that ie the attention t o the 

specific t as ts intensities in t as te mixtures. Kuznicki e t al 

(1983) notsd that "...sslectively attending to a single t a s t s in 

a mixture is a difficult task..". Kroeze (1982c) showed that the 

degree of sucrose-sweetness suppression by NaCI could be 

manipulated by habituating the subjects t o NaCI. Af ter habituation 

the suppressing e f fec t was weakened and the sweetness of the mixture 

was reetored t o some extent. This msans that the degree of mixture 

suppression may vary with the degree of habituation. Kroeze (1982b) 

also showed that habituating t o sucrose can eliminate the suppressive 

e f fect of sucrose. Af ter habituation t o sucross the sweetness of 

sucrose in the sucrose/NaCI mixtures lost i t s significance eo that 

subjects judged the saltiness of the mixture as being about equal t o 

the saltiness of unmixed NaCI. The evidence put forward by Kroeze 

indicates that the perceptual proceeeing of the specific t as te 

inteneity in t as te mixtures can be manipulated by habituating the 
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subjscts t o one component. 

Sweetness, saltiness, of eucrose. NaCI. and Bucrose/NaCI mixtures 

in relation to the to ta l t as te intensity of sucroee/NaCI mixtures 

The relationship between the sweetneee, saltiness, and to ta l 

t as te intensity of sucross/NaCI mixtures is determined by the way 

in which perceived sweetness and perceived saltiness are 

integrated to form perceived to ta l tae te intensity. It is 

important t o nota that the integration of sweetness and saltiness 

is a perceptual and/or cognitive process which doss not depend on 

the peychophysical functions for sucrose and NaCI. The sweetness 

and ealtiness of sucrose/NaCI mixtures are the product of the 

psychophysical functions of sucrose and NaCI and ths mutual 

intsractivs e f f sc ts of sweetneee on saltiness and vice verea. 

Af ter theee eources of sensory information havs arr ived csntrally. 

some form of intsgration between the sweetness and saltiness of a 

mixturs occurs. 

The prsssnt rssul te suggest that the to ta l t as te inteneity of 

eucrose/NaCI mixturee is equal t o the sum of the Bweetness and 

saltiness of thsse mixtures. The sweetness and ealtiness contribute 

about equally t o the to ta l t as te inteneity. For example, the to ta l 

tae te intensity of a mixture of 1.0 M sucrose and 0.50 M NaCI has a 

to ta l tae te intensity of about 71 units. The sweetness accounts fo r 

47 units, which is about 66 % of the to ta l t as te inteneity. The 

saltiness accounts fo r ths rsmaining 24 units, that is 34- % of the 

to ta l t a s t s intensity. 

In ths Theory ssction i t was noted that Bartoshuk (1975). 

McBurney & Bartoshuk (1973). and Moskowitz (1972) assumed that the 

to ta l t as te intsnsity of a complex t a s t s percept is the sum of the 

epecific t as ts intsnsities of that percept. The preeent results 

support this assumption. The obssrvation that the to ta l t a s t s 

intsnsity of NaCI is equal t o the ealtiness of NaCI. in sp i ts of the 

eweet side t a s t s of NaCI, appears t o bs contradictory t o this 

conclusions. Ws do not have an adequate explanation fo r thie. 
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In the Results section i t was concluded that the to ta l t as te 

intensity of sucross/NaCI mixturee is always less than ths sum of the 

sweetness (= to ta l t as te intensity) of the corresponding unmixsd 

sucrose concentration taeted alone, and the ealtiness (= total t as te 

intensity) of ths corresponding unmixsd NaCI tas ted alone. This 

implies that soms t as t s intsnsity is " lost" whsn sucrose and NaCI are 

mixed; the whole is less intense than ths sum of ths intsnsitiee of 

the par ts. Ths resul ts discussed above, and the conceptual framework 

of Fig. 1 can give an indication ae t o where this t as t s intensity is 

" lost". 

It appears that the relationehip between the to ta l t as t s 

intensity of a mixturee and the specific t as te intensities of ths 

unmixed conetituents (Fig. 1. 8 and 9) is mads up of two ssparats 

relationships. Theee being the relationship between the specific 

t as ts intsnsitiss of the unmixed compounds and the specific taete 

intensities of the mixture (Fig. 1, 7A. 7B). and the relationehip 

between the to ta l tae te inteneity of a mixture and i t s sweetness and 

saltiness (Fig. 1. 10). The reeults diBcuseed above suggeeted that 

the to ta l tae te intensity of a mixturs is about equal t o the sum of 

ths sweetness and saltinsss of that mixturs. Thus the integrative 

proceee between the sweetness and saltiness of a mixturs when forming 

the to ta l t as te inteneity of a mixture cannot be reeponsibis fo r ths 

observed loee in perceived t as t s inteneity. The logical consequence 

of this conclusion is that the loss of tae te intensity is located in 

the other relationehip, that is ths relationship between ths 

sweetness and saltinsss of a mixture and the sweetnees and saltiness 

of unmixsd sucrose and NaCI. The results have shown that the 

ealtiness of sucross/NaCI mixtures is lowsr than ths saltiness of 

unmixed NaCI. Obviously, some tae te inteneity is lost here. Another 

source of "loosing" tae te inteneity is that sucross/NaCI mixtures 

containing either a high sucrose concentration or a high NaCI 

concsntration are perceived as bsing less swset than the 

corresponding unmixed sucrose solutions. 
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the f ructose concentration. 

The purpose of the preeent analyele is t o t e s t the internal 

consistsncy of accumulated JND scales fo r the sweetness intensity 

of glucose and f ructose. These scalee are consistent when the 

glucoss concentration corresponding t o a particular number of 

JNDs on the glucose-JND-scale matches the sweetness inteneity of 

the f ructoee concentration that corrssponds t o the same number of 

JNDe on the fructoee-JND-scale. 

A previous analysis of the internal coneietency of JND-

scales for sweeteners (Lemberger, 1908) showed that a particular 

number of JNDe on a sucrose-JND-scale was considerably eweeter 

than the same number of JND'e on a saccharine-JND-scale. 

Apparently one JND on the sucross-JND-scale repreeented a larger 

difference in sweetness inteneity than one JND on the saccharine-

JND-scale. From these results i t can bs concluded, that 

Lembsrgers JND-scales cannot bs considersd as valid sensory 

scales for sweetness intensity. 

The accumulated JND-scales pressnted below were determined 

on the basis of ths data derived from control experiments in the 

etudy made by De Graaf & F r i j tere (1986). The reader is r e fe r red 

for details t o this paper. Using the method of constant stimuli, 

f ivs seriee of geometrically spaced glucose concentratione 

(denoted as comparison stimuli) were matched in eweetness to f ivs 

glucoss standards. The concentrations of the glucose standards, 

which varisd from near threshold t o near physical saturation, 

were 0.125. 0.25. 0.50. 1.00 and 2.00 M. In othBr similarly 

designed experiments f ive series of seven geometrically spaced 

f ructose stimuli were matched in perceived swsstness intsnsity t o 

f ive f ructose standards. The concentratione of the f ructose 

standards which were equal in perceived sweetness intensity t o 

ths glucose standards were 0.04-85, 0.1027. 0.2374, 0.5790. and 

1.3828 M. 

The Weber fractione at each of the ten standard 

concentration were calculated on the basis of ten f i t t ed lines, 

obtained by a weighted linear regression procedure a f ter Bock & 
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Weber-fraction 

0.175-

0.125 -

0.075-

D = fructose 

o = glucose 

Q0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
concentration (M) 

Figure 1. Weber fractions of glucose and fructose plotted as a 
function of their molar concentrations. The Weber fractions 
were determined on the basis of the results of the control 
experiments of Oe Craaf & Prijters (1986). 

Jones (1968). These lines relate the log concentration of the 

series of comparison stimuli with the z-score corresponding to 

the percentage sweetsr than the standard judgments. The log 

concentration which would yield a change in predicted z-score of 

0.6745 was then determined. The value of z of 0.6745 corresponds 

t o 75 % of the area under the cumulative standard normal 

distribution. The Weber f ract ion was defined ae the antilogarithm 

of the required change in log concentration minus one. 

Figure 1 shows the Weber fractions of glucose and f ructoss 

as a function of their molar concentration. It shows that the 

value of the Weber f ract ion is not constant but that i t reachee a 

minimum at the middle concentration range. Ths Weber f raction 
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increases at low and high concentrations. This observation is in 

line with the conclusions of other investigators (Holway & 

Hurvich, 1937; Lemberger, 1908; McBride. 1983; Schutz & Pilgrim, 

1957). 

In order t o construct accumulated JNO-scalss fo r glucose and 

f ructose bsgiming at the lowest standard concentration, i t is 

necessary t o know all the values of the all the Weber fractione 

over ths entire range of concentrations. The Wsber fractions of 

the concentrations which lay in bstwsen the concentrations of 

which the Weber fractions were experimentally determined were 

obtained by graphical estimation from ths plotB in Figurs 1. 

The following examples i l lustrate the construction of ths 

JND-scale for glucose. The Weber f raction at 0.125 M glucoee is 

0.168. The glucose concentration corresponding t o ths swsetness 

of one JND above the sweetnees of 0.125 M glucose is 0.125 + 

0.125*0.168 which is equal t o 0.146 M. The value of the WebBr 

f raction at this concsntration was estimated from the plot in 

Figure 1. I ts numerical value is 0.1625. Ths concentration 

corresponding t o the sweetnese intensity two JND's above the 

sweetness of 0.125 M glucose is thus 0.U6 + 0.146*0.1625 = 0.17 

M. These calculations were proceeded until 2.00 M glucoee. 

Similar calculations were performed t o construct ths JND scale of 

f ructoss. 

Figure 2 shows the JND-scalee fo r glucoss and f ructose. From 

this Figurs i t can be seen that the swsetness intensitiss of 

0.125 and 0.25 M glucose differ by about 5 JNDs on ths JND-scale 

of glucose. The difference between the corresponding f ructose 

concentrations (0.0485 and 0.1027 M f ructose, reepectively) ie 

also 5 JNDs. It takes about 28 JNDs t o go from the loweet glucose 

concentration, which ie not far above treehold, t o the highest 

glucose concentration, which ie not far f rom physical saturation. 

It also takee 28 JNDs to go from the lowest t o the highest 

f ructose concentration. As the lowest and highest glucoee and 

f ructoss concentrations were equal in perceived sweetness 

intensity, i t can be concludsd that ons JND on the glucoss-JND-
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number of JNDS from 0.0485 M fructose, 
and 0.125 M glucose. 
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I I 
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I 

0.501 1.00 I 2.00 
0.579 1.383 

concentration (Mi 

Figure 2. JND-scales for glucose and fructose, determined from 
the data in Figure 1. 

scale r epresents the same difference in perceived sweetness 

intensity as one JND on the fructose-JND-scale. 

The main conclusion t o be drawn from these resul ts is that 

the JND-scales for glucose and f ruc tose , derived from the data of 

De Graaf & Fr i j ters (1986), a rs intsrnally consistent. 
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3. INTERRELATIONSHIPS AMONG THE RESULTS OF PREVIOUS STUDIES 

During r e c e n t y e a r s seve ra l expér imen te w e r e c a r r i e d ou t 

w i th t he same t a e t e eubetances. The f a c t t h a t t he eame t a e t a n t s 

w e r e used in makes a compar ison o f t h e r e s u l t s f r o m d i f f e r e n t 

expe r imen ts poss ib le . The r e s u l t s o f euch compar isons g ive 

insight t o t he va l id i ty o f t h e s e n s o r y sca les deve loped in t he 

p rev ious s tud ies . 

Of all s uga rs g lucose , f r u c t o e e , and m i x tu res o f t h s s e 

subs tances w e r e mos t f requen t l y i nvee t i ga ted . These eubetances 

w e r e used by F r i j t e r s & Oude Ophuie (1983). De Graaf & F r i j t e r s 

(1986). and De Graaf . F r i j t e r s & Van T r i jp (1987). De Graaf & 

F r i j t e r s (1987b) used s u c r o s e , f r u c t o s e , and m i x tu res o f t h e s e 

subs tances . De Graaf & F r i j t e r e (1987c) used unmixed f r u c t o s e 

only. Ds Graaf & F r i j t e r s (1987d) used unmixed suc roee and 

unmixed NaCI, and De Graaf 4 F r i j t e r e (1987e) used e u c r o s s . NaCI 

and m ix tu ree o f s u c r o s e and NaCI. In t o t a l t h e r e w e r e f i v e 

expér imente which y ie lded da ta on unmixed f r u c t o s s . t h r e e 

expe r imen ts w i th da ta on unmixed g lucose, t h r e e expe r imen ts w i th 

unmixed s u c r o s e and t h r e e expe r imen ts w i th da ta on t h e e w s e t n e s s 

o f GluFru 0 .75 /0 .25 , GluFru 0 . 5 0 / 0 . 5 0 . and GluFru 0 .25 /0 .75 . In 

addit ion t h e r e a r e t w o expe r imen ts in which da ta on t h e t o t a l 

t a s t e i n tens i t y o f unmixed suc roee and unmixed NaCI w e r e 

obta ined. 

The f i r s t ana lyses in t h i s s s c t i o n t h e numerical ecale va luss 

obta ined by d i r e c t scal ing techniques will be r e l a t e d t o t h e 

s e n s o r y equal i t ies obta ined by matching. The second p a r t o f t h i s 

sec t i on will d iscuss f u r t h e r on t h e p sychome t r i c p r o p e r t i e e o f 

t he da ta obta ined. 

3.1. Numerical r a t i nae and matching 

One c r i t e r i o n f o r t h e va l id i ty o f s e n s o r y s ca l ss ie t h a t t h e 

r e s p o n s e s obta ined by d i r e c t scal ing must concur w i th t h e r e s u l t s 

on concsn t ra t i ons which have equal p e r c e i v e d t a e t e i n t e n s i t y , ae 
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obtained matching. 

In the past three years two matching experiments were 

carried out, one by De Graaf & F r i j ters (1986) on the sweetness 

intensity of glucose, f ructoee and three squiratio mixtures types 

of glucose and f ructoee, and one by De Graaf & Fr i j ters (1987d) 

on the t as te intsnsity of unmixed sucrose and unmixed NaCI. The 

results of De Graaf & Fr i j tere (1986) can be compared t o the 

reeults of Fr i j ters & Oude Ophuie (1983) and to the resul ts of Ds 

Graaf. Fr i j ters. & Van Trijp (1987). Ths reeults of De Graaf & 

Fr i j ters (1987d) can be compared t o the reeulte of De Graaf & 

Fri j ters (1987s). These comparisons will be made in two separate 

paragraphs below. 

3.1.1. PSEs of glucose, f ructoss and mixtures as determined 

from magnitude estimation, compared t o PSEs obtained 

by matching 

The results of the study of De Graaf, Fr i j tere & Van Trijp 

(1987) have already been compared t o the reeulte of De Graaf & 

Fri j ters (1986) in ths paper of Ds Graaf, F r i j ts rs . & Van Trijp 

(1987). In ths la t ts r paper i t was shown that ths resul ts of both 

experiments concurred. The concentratione of f ructose and ths 

three equiratio mixtures which are equal in sweetness t o 0.125, 

0.250. 0.500. 1.00. and 2.00 M glucose, as calculated from f i t ted 

psychophysical functions from ths direct scaling experiment, were 

similar t o thoee concentrations obtained by dirsct matching. From 

this rseult i t can bs concluded that ths direct scaling method 

applied by De Graaf. Fr i j tere & Van Trijp (1987) meete the 

validity cr i terion of eeneory scales. 

A eimilar analysis can also bs carried out fo r the data of 

Fr i j ters & Oude Ophuis (1983). Fr i j ters & Oude Ophuis (1983) 

obtained magnitude eetimatee of the perceived eweetness intensity 

for each of the concentrations of 0.125. 0.25. 0.50. 1.00 and 

2.00 M f o r each of the stimulus t ypss glucose, f ructose. GluFru 
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Table 1. Comparison of Points of Subjective Equality (PSEs) 
determined using the method of constant stimuli* and PSEs 
calculated from the data of Frijters & Oude Ophuis (1983) 

PSE PSE Difference in X 
Concentration Type of determined determined (PSEFAo-PSEmat) 

of glucose Comparison from from data 
(M) Stimulus matching (M) F & O (1983) PSEmst 

0.125 
0.125 
0.125 
0.125 

0.250 
0.250 
0.250 
0.250 

0.500 
0.500 
0.500 
0.500 

1.000 
1.000 
1.000 
1.000 

2.000 
2.000 
2.000 
2.000 

Fructose 
GF .25/.75 
GF .50/.50 
GF .75/.25 

Fructose 
GF .25/.75 
GF .50/.50 
GF .75/.25 

Fructose 
GF .25/.75 
GF .50/.50 
GF .75/.25 

Fructose 
GF .25/.75 
GF .50/.50 
GF .75/.25 

Fructose 
GF .25/.75 
GF .50/.50 
GF .75/.25 

0.0485 
0.0540 
0.0650 
0.0873 

0.1027 
0.1206 
0.1439 
0.1817 

0.2374 
0.2682 
0.3118 
0.3639 

0.5790 
0.5920 
0.6550 
0.7729 

1.3828 
1.4007 
1.4552 
1.6310 

Mean 

0.0700 
0.0844 
0.0942 
0.0951 

0.1144 
0.1337 
0.1520 
0.1667 

0.2270 
0.2551 
0.2952 
0.3512 

0.5736 
0.6162 
0.7072 
0.8610 

1.3388 
1.4136 
1.4908 
1.6458 

absolute deviation 

44.3 
56.3 
44.9 

8.9 

11.4 
10.7 
5.6 

- 8.3 

- 4.4 
- 4.9 
- 5.3 
- 3.5 

- 0.9 
3.3 
8.0 

11.4 

- 3.2 
0.9 
2.4 
0.9 

12.0 

*From Frijters & Oude Ophuis (1983) 

0.75/0.25, GluFru 0.50/0.50. GluFru 0.25/0.75 and f ructose. For 

f ructose and the three equiratio mixture t ypes , psychophysical 

functions were f i t t ed with the loo-concentration and ( log-

concentration)»*2 as independent variables and the logarithm of 

the obtained geometric means as dependent variable. The obtained 

regression equations were set equal t o the logarithm of the 

geometric mean of the glucose stimuli. The resulting quadratic 

equations were resolved fo r the logarithm of the required 
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concentration. 

Table 1 shows that the PSEs calculated on the basis of the data 

of Fr i j ters & Oude Ophuis (1983) generally concur with the PSEs 

obtained by matching except at the level of 0.125 M glucose. The mean 

absolute deviation is about 12 % which is about one JNO. When the 

data of the the PSEe to 0.125 M glucose were omitted, the mean 

absolute deviation was 5.3 %. 

The large deviations at the levels of 0.125 M glucose may have 

been caused by the stat ist ical eetimation procedure employed. The 

geometric mean of the responses to 0.125 M glucose in the experiment 

of Fr i j ters & Oude Ophuis was 0.58. The gsometric mean of all other 

stimuli were higher than 0.58. Consequently the value of 0.58 liée 

outside the range of the f i t t ed functions of ths other stimulus 

types. The PSEs of the other stimulus types were thus aseessd by 

equating the f i t t ed functions t o a value outsids the domain in which 

theee functions were originally determined. Thie would have reeulted 

in less accurate predictions. 

The results in Table 1 show, that numerical ratings obtained by 

magnitude estimation concur with seneory equalities obtained by 

matching. 

3.1.2. PSEe of sucroee and NaCI obtained by functional 

meaeurement compared t o PSEs obtained by matching 

As the data in the l i terature on the concentrations of 

sucrose and NaCI which are equal in perceived tas te intensity 

appeared to be contradictory. De Graaf & Fr i j ters (1987d) carried out 

an experiment in which the t as t s intensity of NaCI was matched t o the 

taete intensity of 0.125. 0.25. 0.50. 1.00. and 1.25 M sucroee. The 

reeulte of thie etudy suggeeted that the tae te intsnsitiee of eucross 

and NaCI are about equal when the molar concentration of sucroee is 

1.5-1.75 times the molar concentration of NaCI. 

In a direct scaling experiment De Graaf & Fr i j ters (1987e) 



-206-

Table 2. Comparison of PSEs of KaCl to four sucrose solutions, 
obtained by matching (De Graaf & Frijters, 1987d), and 
obtained by direct scaling (De Graaf & Frijters, 1987e). 

Difference (%) 
(PSEdir-PSEmat) 

Concentration 
of sucrose 
standard 

(M) 

0.125 
0.250 
0.500 
1.000 

PSE NaCl 
obtained 
by matching 

(M) 

0.065 
0.136 
0.327 
0.558 

PSE NaCl 
obtained by 
direct scaling 

(M) 

0.135 
0.230 
0.379 
0.757 

PSEmat 

107.7 
69.9 
15.9 
35.7 

determined the to ta l t as te Intensities of 0.125, 0.25, 0.50 and 1.00 

M of both unmixed NaCl and unmixed sucrose. Thess la t ter data can be 

compared t o the data of the matching experiment. This comparison was 

made in a similar manner t o thoss msntionsd in ths prsvious section 

(section 3.1.1.). The relationship bstwssn the concentration of NaCl 

and i t s to ta l t as te intensity was estimated by a second order 

polynomial rsgression equation with (loo-concentration) and (log-

concentration)**2 as indspsndent variables, and ths log of the to ta l 

t as te intensity as depedent variable. The obtained rsgrsssion 

squation was s s t equal t o the log of the scale valuss of 0.125. 0.25, 

0.50. and 1.00 M eucross and rssolvsd f o r the logarithm of the 

required NaCl concentrations. 

The data in Tabls 2 show that PSEs of NaCl obtained by direct 

scaling are substantially highsr than ths PSE's determined by 

matching. The molar concentration of the PSE's of NaCl equal in t as t s 

intensity t o 0.125 and 0.250 M sucrose are about equal t o the molar 

concentrations of sucrose themselves. This obeervation is in line 

with observations of Kuznicki e t aj, (1983), and Bartoshuk (1975) who 

found that eucroee and NaCl have about equal perceived tae te 

intensities when their molar concentrations ars about equal. These 

results however are not in line with the conclusions of the matching 

expérimente of Beebe-Center e t ah (1955) and De Graaf & Fr i j ters 

(1987c). 

It is surprising that the reeults of the functional meaeurement 
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experiment and the matching experiment do not concur with each other. 

In the analyeie of the results of the direct scaling experiment, i t 

was ehown that the scale values of the to ta l t as te intensity of 

eucroBe and NaCI were assessed on a linear scale of perceived taete 

intensity. Ths matching experiment was carr isd out with the method of 

constant stimuli, generally considered t o be one of the most reliable 

and precise psychophysical msthods fo r the determination of the PSEs. 

Therefore, i t wae t o be expected that the reeults of both experiment 

would concur. At present, thsre does seem t o be no adequate 

explanation fo r the discrepancies obtained. 

3.2. Interrelationships among the seals valuee obtained in 

previous studies 

The f i r s t par t of this section compares scale values obtainsd by 

direct scaling. In the second par t the scale values of ths JND scales 

of glucose and f ructose are compared t o the ecale values of glucose 

and f ructose obtained by De Graaf, Fr i j tere, & Van Trijp (1987). 

3.2.1. Comparieon of scale values obtainsd by functional 

measuremsnt 

In most of the previous experiments i t wae assumed that subjects 

judged the difference in perceived eweetness intsnsity between the 

two stimuli of each pair. As the judgment function appeared t o be 

linear, i t wae concluded that the marginal meane of the reeponee 

matricee were linear with perceived eweetness inteneity differencee. 

In all the direct scaling expérimente, theee differencee judgments 

wsre made relat ive t o the difference in the perceived eweetnees 

intensity of a standard pair. This standard pair was di f ferent in 

each experiment. If i t is assumed that all ths difference judgmente 

were proportional t o the differencee in the etandard pair then the 

obtained scale values represent ra t io scales of perceived sweetness 

intensity differences. The validity of this assumption will be t es ted 
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below. 

Before the results of these analyses are introduced i t seems 

useful t o review the ecale values obtained in each of the previous 

Experimente. 

In the experiments of De Graaf, Fr i j ters & Van Trijp (1987), De 

Graaf Ä Fr i j ters (1987b) and De Graaf & F r i j ters (1987e), water was 

incorporated in the factorial design, and the scale value of water 

was se t equal t o zero. The ecale values of the other experimental 

etimuli were calculated as the difference t o the scale value of 

water. In the experiment of De Graaf 4 Fr i j ters (1987c) ths scale 

value of 0.125 M f ructose was se t equal t o zero and the scale values 

of the other f ive f ru tpse concentratione were calculated as the 

difference between their scale values and the scale value of 0.125 M 

fructoee. There are thus three experiments, in which scale values 

were obtained relat ive to water, and one experiment in which the 

scale values repreeent sweetness intensity differences t o the 

eweetnees intensity of 0.125 M f ructose. 

If these scales are ra t io scales of perceived sweetness 

intensity differences, then the seals values of the different étudies 

can differ with a multiplicative constant only. Thie impliee that the 

relationship between both se ts of scale values is t o be described by 

a straight lins through ths origin. Another implication is that apart 

from ths multiplicative constant, ths psychophysical functions in ths 

different studies muet be similar. Ths psychophysical function fo r 

f ructose in the experiment of De Graaf. Fr i j ters . & Van Trijp (1987) 

for example should have a similar ehape t o the psychophysical 

f ructose function obtained in the experiment of De Graaf & Fr i j ters 

(1987b). 

3.2.1.1. Scale values of f ructose from De Graaf, Fr i j ters & 

Van Trijp (1987) compared t o seals values from 

De Graaf & Fr i j ters (1987b) 

Figure 3 shows the the relationship between the scale valuee 

of f ructoss from De Graaf. Fr i j tere. & Van Trijp (1987) and the 
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Scales values De Graaf & Frijters (1987 b! 
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Scale values De Graaf, Frijters & Van Trijp (1987) 

Figure 3, Relationship between the scale values of the sweetness 
of fructose obtained by De Graaf, Frijters & Van Trijp (1987), 
and those values obtained by De Graaf & Frijters (1987b). 

scale values of f ructose obtained by De Graaf & Fr i j tsrs (1987b). The 

straight line through these points was f i t t ed by orthogonal 

rsgression (Hampton, 1983). The intercept of this line does not 

deviate significantly from zero [t(3) = 2.05, p_ > .10] (Kendall & 

Stuart. 1961, p. 389). 

The relationship between the two se ts of scale values was 

further t es ted using analysis of variancs. This procsdurs t es ted 

whsthsr or not the psychophysical functions in both experiments were 

identical a f ter normalization fo r the difference in the magnitude of 

the seals units. The normalization factor is ths valus of ths 

multiplicative constant. The value of this constant was estimated 

using ths formula £XY/EX»#2 (Snsdscor & Cochran, 1973; p.170) whsrs X 

rsprsssnts the scale values from ths experiment of De Graaf, Fr i j ters 

& Van Trijp (1987). and Y rsprssente the seals valuee from the 

experiment of De Graaf & Fr i j ters (1987b). Ths valus of this 

multiplicativs constant was 0.659. Each of the 50 individual scale 

values (i.e., 10 subjects x 5 seals valuee) from the experiment of De 
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Graaf. Fr i j ters & Van Trijp (1987) was multiplied by 0.659. ANOVA 

showed that the psychophysical functions in both experiments did not 

d i f fsr significantly [ F(4.72) = 1.78; p_ > 0.10 ] . This outcoms 

furthsr supports ths validity of ths assumption that ths obtainsd 

seals values are measured on a ra t io scale of perceived sweetness 

intensity diffsrsnees. 

3.2.1.2. Seals values of f ructoss from Ds Graaf & Fr i j tsrs 

(1987b). and De Graaf. Fr i j ters & Van Trijp (1987) 

comparsd t o scale valuee from De Graaf & Fri i tè re (1987c) 

In the experiment of De Graaf & F r i j ters (1987c) the molar 

concentrations of f ructoss wsre 0.125, 0.218. 0.379. 0.BB0. 1.149 and 

2.00 M. De Graaf, Fr i j ters & Van Trijp (1987), and Ds Graaf 4 

Fr i j tsrs (1987b) ussd stimuli of 0.125. 0.25, 0.50. 1.00, and 2.00 M 

f ructose. For the two la t ter eets of scale values second order 

polynomial regreeeion equation functions were f i t t ed with the ( log-

concentration) and (log-concentration)**2 as indspsndent variablee 

and the log of the obtained seals values as dependent variable. Using 

the f i t t ed regression equations, the scale values fo r 0.218. 0.379, 

0.660. and 1.14-9 M f ructoss wsre eetimated. Once theee estimated 

ecale values were obtained the difference between theee scale values 

and ths seals value of 0.125 M f ructose was calculated. Theee la t ter 

ecale values were p lot ted against the scale values of ths difference 

reeponss matrix and ths log-transformsd rat io response matrix of the 

experiment of De Graaf & Fr i j tsrs (1987c). 

Figure 4, panels A and B, shows the relationships between ths 

d i f fsrsnt se ts of scale valuee. The four straight lines f i t t ed 

through theee points were obtained by orthogonal regression. Ths 

lowest of the four valuee of R**2 was 0.994. The largest intercept 

was obtained fo r the line which wae f i t t ed through the points 

rslating the seals valuss of ths diffsrsnes repeonee matrix of De 

Graaf & Fr i j ters (1987b) t o ths scale valuss determined from the data 

De Graaf. Fr i j ters, & Van t r i jp (1987). A s tat ist ical t e s t showsd 
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dif ference to sweetness d i f ference to sweetness 

of D125 M f ructose of 0.125 M f ruc tose 
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& \ fan Trijp (1987) 

100 
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• = predicted vatos from De Graaf t, Frijters (1987 b) 100 
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d i f ference to sweetness of 0.125 M f ructose, 

De Graaf & F r i j t e rs ,1987c , d i f ference -

Response Ma t r i x 

d i f fe rence to sweetness of 

0.125 M f r uc tose 

De Graaf, Frijters I Van Trijp 

(1987) 

d i f fe rence to sweetness of 

0.125 M f ructose 

De Graaf 8. Fr i j ters (1987 b) 

dif ference to sweetness of 0.125 M f ructose, De Graaf & 

F r i j te rs ,1987c, l o g - t r a n s f o r m e d Ratio Response Matrix 

Figure 4. Panel A: Relationship between difference in sweetness 
to sweetness of 0.125 M fructose obtained from the "difference" 
response matrix of De Graaf & Frijters (1987c), and 1) 
(open points) sweetness differences to sweetness of 0.125 M 
fructose as predicted from the data of De Graaf, Frijters & 
Van Trijp (1987), and 2) (closed points) sweetness 
differences to sweetness of 0.125 M fructose predicted from 
the data of De Graaf & Frijters (1987b). 
Panel B shows similar relationships as panel A, except that 
the sweetness differences of the De Graaf & Frijters (1987c) 
were obtained from the log-transformed "ratio" response 
matrix, instead of the "difference" response matrix. 

that this Intercept does not deviate significantly from zero [ t (3)= 

1.08, p_ > 0.10]. The intercepts of ths other three f i t t ed lines wsrs 

virtually identical t o zero. 

It is concluded that ths seals valuss obtainsd by Ds Graaf 4 

Fr i j tars (1987c) d i f fsr only with a multiplicative constant from the 

scale values detsrmined from the data of De Graaf, Fr i j ters & Van 

Trijp (1987), and from the data De Graaf & Fr i j ters (1987b). 
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sweetness intensity of sucrose total taste intensity of sucrose 
from De Graaf & Frijters (1987e) from De Graaf & Frijters (1987e) 

= sweetness intensity 

100-

1 1 I 1 1 1 1 1 1 1 1 1 1 1 r 
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sweetness intensity sucrose from De Graaf & Frijters (1987 b) 

Figure 5. Relationships between scales values of 1) the total taste 
intensity of suscrose (open points), 2) the sweetness of 
sucrose (closed points)., as determined by De Graaf & Frijters 
(1987e), and the scale values of the sweetness of sucrose as 
obtained by De Graaf & Frijters (1987b). 

3.2.1.3. Comparison of psychophysical sucrose functions 

obtained by De Graaf & Fr i j ters (1987b) and by De 

Graaf & Fr i j ters (1987e) 

In the experiment of De Graaf & Fr i j ters (1987b) the 

concentrations of ths unmixsd sucrose stimuli were 0.125, 0.25, 0.50, 

1.00 and 2.00 M. In the experiment of De Graaf & Fr i j ters (1987e) the 

concentrations of the unmixed sucross stimuli were 0.125, 0.25, 0.50, 

and 1.00 M. Figure 5 showe the relationehip between the scale values 

of sucrose obtained in the experiment of De Graaf & F r i j ters (1987b) 
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and the scale values obtained by De Graaf & Fr i j ters (1987e) for the 

total t as te intensity of sucroee and fo r the sweetness intensity of 

sucrose. 

The two straight lines f i t t sd through the data of thie Figure 

were obtained by linear regression through ths origin. The slopes of 

these lines were ueed as the normalization factor t o account for the 

differsncs in the magnitude of the seals units fo r each of the three 

scales. 

Each individual scale value (i.e.. 40 values = 10 subjects * 4 

concentrations) of the sweetness of sucrose from De Graaf & Fr i j tsrs 

(1987b) was multiplied with ths numerical value of the obtained 

normalization factor (1.24). ANOVA showed that the differsncs between 

the psychophysical functions for the eweetnsss of sucrose obtained by 

De Graaf & Fr i j ters (1987b) and De Graaf & Fr i j ters (1987e) was 

statist ically marginally significant [F(3,66) = 2.99. p_ = 0.04]. 

The numerical value fo r the normalization factor between the 

swsstnsss of sucrose of De Graaf & Fr i j tere (1987b) and the total 

t as te intensity of sucroee of De Graaf & Fr i j ters (1987e) was 0.70. 

Af ter multiplying the individual ecale values of Ds Graaf & Fr i j tsrs 

(1987b) with 0.70. ANOVA showed that the psychophysical function fo r 

ths swsstnsss of sucrose (De Graaf 4 Fr i j tere (1987b) does not d i f fer 

from the psychophysical function fo r ths to ta l t a s t s intsneity of 

sucroee (De Graaf & Fr i j tere. 1987e). 

3.2.1.4 Summary 

The previous analyses showed that the scale values of f ructose 

obtained In the studies of De Graaf. Fr i j tere. & Van Trijp (1987), 

and De Graaf & Fr i j ters (1987b). dif fer from the f ructoee seals 

valuee of De Graaf & Fr i j ters (1987c) with a multiplicative constant 

only. Ths shape of the peychophysical f ructose function obtained by 

De Graaf. Fr i j tere. & Van Trijp (1987) does not differ from the shape 

of the psychophysical f ructoss function obtainsd by De Graaf & 

Fr i j tere (1987b). The shape of the peychophysical function of ths 

total t as te intensity of sucrose (De Graaf & Fr i j ters . 1987e) does 
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not dif fer from the shape of the psychophysical function of the 

sweetness of sucrose (De Graaf & F r i j ts rs . 1987b). 

Summarizing ths results of the above analysss i t can be 

concluded that there is substantial support for ths assumption that 

the seals values obtained in the previoue sxperimsnts rsprsssnt 

sweetness intensity differsnees measured on a ra t io seals level. 

3.2.2. A comparison of glucose scale valuee obtained by 

functional measurement and glucose scale values obtained 

by accumulating JNDs 

As Birnbaum (1980) noted ons of ths most puzzling issues in 

phychophysical msasursment has bsen the failure of di f ferent scaling 

techniques t o provide one single seals of sensation. Scale values 

obtained by magnitude estimation, scales obtained by category scaling 

and seals valuee obtained by accumlating JNDs, have a nonlinear 

relationship with each othsr. Somstimss howsver ths di f ferent seals 

t ypss convsrgs. In t as te peychophyeics McBrids (1983) claimed that an 

accumulated JND scale of sucrose converges with scales valuss of 

sucross on a category seals. 

Ths analyses on the form of the judgment function in the 

previous Experiments showed that the judgment functions in these 

studiss were linear. Ths seals valuee were thus linsar with perceived 

eweetnese intensity diffsrencss. Ths analysss pressntsd in the 

foregoing section also suggest that these seals valuss were measured 

on a rat io seals level. In addition these scale values were shown t o 

be consistent with matching data. With r sspsc t t o ths JND scalee of 

glucose and f ructoee the analysis in ons of ths prsvious sections 

(10.2) showsd that thess scales wsrs internally coneistsnt. So at 

f i r s t sight i t appears that both the scales obtained from dirsct 

scaling and ths scales obtained by indirect scaling ars valid sensory 

scales. Additional analysis on ths relationship between these two 

different type of scalss can givs fur thsr support for this 

suggestion. 
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Figure 6. Relationship between sweetness differences to the 
sweetness of 0.125 M glucose as determined from the data of De 
Graaf, Frijters & Van Trijp (1987) and sweetness differences 
determined from the JND-scale in Figure 2 of the present 
chapter. 

In Figure 6 the sweetness differences between 0.25, 0.50, 1.00, 

and 2.00 M glucose and the sweetness intensity of 0.125 M glucose 

expreeeed in scale values obtained by De Graaf, Fr i j ters & Van Trijp 

(1987) are p lot ted as a function of the same diffsrences expressed in 

units of the JND-scale. 

Visual inspection shows that the relationship between these two 

seals types is not linsar. It seems that the sweetness differences 

expressed in JNDs are not directly proportional t o sweetnees 

dlfferencee expressed in the unite of the scale ueed by De Graaf, 

Fr i j ters & Van Trijp (1987). These data do not support the suggeetion 

that both scalss are lienar scales of perceived sweetnses intensity. 
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4. RELATIONSHIPS OF THE SCALE VALUES OBTAINED IN PREVIOUS 

STUDIES WITH THE SCALE VALUES OBTAINED BY McBRIDE 

McBride (1983, 1986) used a category scale t o aesese the 

sweetness intensity of sucrose, glucose, f ructose and their binary 

mixtures. This author took special precautions t o exclude all kinds 

of biases. In addition. McBride (1983) claime that category scales 

and JND scales of sucrose sweetness converge. These findings suggest 

that the eensory scales developed by McBride (1982. 1983. 1986) are 

valid sensory scales of sweetness intensity. The scales devsloped in 

the previous studies of De Graaf and Fr i j ters were shown t o be valid 

scalss of sweetnees intensity. Both the studies of McBride and the 

studies of De Graaf & Fr i j ters ussd glucose, f ructoss, sucross and 

binary mixtures of these substances, which enabled a comparison 

between the results of their étudiée. 

If both McBride (1982. 1983, 1986) and De Graaf & Fr i j tere 

developed valid sensory scales then the relationship between these 

scales must be linear. The purpose of the pressnt analysis is t o 

invsstigate whether or not a linear relationship ex ists. 

Three analysis have been carried out. In the f i r s t analysis the 

data of De Graaf, Fr i j ters 4 Van Trijp (1987) of the sweetness 

intensity of glucoss. f ructose and glucose-fructose mixtures have 

been compared t o the results of McBrids (1982, 1986) on the earns 

substances and mixturss. Ths sscond analysis focussd on ths data on 

ths sweetness of sucrose, f ructose, and sucrose-fructose mixtures (De 

Graaf & Fr i j ters. 1987b; McBride. 1982, 1983, 1986). The third 

analysis comparss ths JND-scalss for glucoss and f ructoss t o the 

category scales fo r the same substancss of McBride (1982). 

4.1. Data on glucose, f ructose and mixtures: a comparison between 

the data of McBride (1982, 1986) and De Graaf, Fr i j ters & Van 

Trijp (1987) 

McBride (1982, 1986) assessed the responses t o the swsetness 

intensity of 0.0971, 0.1943, 0.3885 and 0.7771 M f ruc toss. 0.1500, 



scale values Mc Bride (1982,1986) 

12H 

10-j 

8 

6 

4-

2-

• = glucose 

• = glufru 0.50/0.50 

o = fructose 

~40~ ' 20 40 60 80 
predicted scale values De Graaf, 
Frijters & Van Trijp ( 1987 ) 

Figure 7. Relationship between scale va lues f o r the sweetness of 
glucose, f r u c t o s e , and mixtures obtained by McBride (1982, 
1986), and scale va lues as p redic ted f rom the da ta of De G r a a f , 
F r i j t e r s , & V a n T r i jp (1987). 

0 .300, 0 .400, 0 .600 and 1.200 M glucose, and 0.111. 0.222 and 0.444 M 

of the GluFru . 5 0 / . 5 0 equlratio mixture t y p e . The average response t o 

each of these stimuli were graphically estimated from Figures 20 and 

21 of McBride C1982) and Figure 5 of McBride (1986). 

De Graaf, F r i j ters & Van Trijp (1987) obtained scale values of 

the sweetness intensity of 0.125, 0 .250, 0 .500 , 1.000 and 2.000 M of 

glucose, f ructose and the GluFru . 50 / . 50 equiratio mixture t ype . For 

each of these three stimulus t y p s s second order polynomial regression 

equations were f i t ted . The log concentration and ( log-

concentrat ion)**2 were the independent variablee and log of the mean 

ecale value eerved ae the dependent variable. The obtained regression 



-218-

equations were used t o predict the scale values of the stimuli 

used by McBride. 

Figure 7 shows the relationehip between the scale values 

obtained by McBride (1982. 1986) and the scale values prsdicted from 

the data of De Graaf. Fr i j tere & Van Trijp (1987). Although the 

straight line f i t t ed through the points in Figure 7 has an high R**2-

value (0.975). there appear t o be some deviatione from linearity. 

4.2. Data of sucrose, f ructose: a comparieon between the data of 

McBride (1982) and De Graaf & Fr i j tere (1987b). 

McBride (1982) obtained estimates fo r ths swsstnsss intensity of 

0.0625. 0.125. 0.2500 and 0.500 M eucrose. and 0.0971. 0.1943. 0.3885 

and 0.7771 M f ructose. The numerical values fo r the mean of the 

responses to these stimuli were graphically sst imatsd from Figures 14 

and 20 presented by McBride (1982). 

De Graaf Ä Fr i j tere (1987b) obtained scale values for the 

eweetness inteneity of 0.125. 0.25. 0.50. 1.00 and 2.00 M of both 

sucrose and f ructose. Through these la t ter scale values second order 

polynomial regression equations wars f i t t s d with log-concentration 

and (log-concentration)**2 as indspendent variables and the log of 

the seals values as dependent variables. The obtained regreeeion 

equations were used t o predict the scale values of ths stimuli that 

McBrids (1982) used. 

Figure 8 shows ths relationehip between the scale values of 

McBrids (1982) and the scale values prsdicted from the data of De 

Graaf & F r i j ters (1987b). Visual inspsction shows that this 

rslatlonship shows the same pat tern as the relationship in Figure 8, 

and is also not linear. 
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Figure 8. Relationship between scale values for the sweetness of 
sucrose and fructose obtained by McBride (1982), and scale 
values predicted from the data of De Graaf & Frijters (1987b). 

4.3. Comparison of JNO-scales of glucose and f ructose and the 

category scales for glucose and f ructose as obtained by 

McBride (1982). 

McBride (1983) repor ted that a JND-scale of sucrose converged 

with a category scale of sucrose. The purpose of the present analysis 

is t o invsstigate whether the JND-scale of glucoee and f ructose 

developed previously (section 2. of this Chapter) converges with the 

category scales of glucose and f ructose such as developed by McBride 

(1982). 

McBride (1982) obtained the sweetness responsee t o 0.0971. 

0.1943. 0.3885 and 0.7770 M f ructoss. and t o 0.150, 0.300. 0.400. 

0.600 and 1.20 M glucose. The average responses t o these etimuli were 
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Figure 9. Relationship between scale values for the sweetness of 
glucose and fructose obtained by McBride (1982), and scale 
values obtained from the data of the JND-scales of glucose and 
fructose, as shown in Figure 2 of the present chapter. 

graphically estimated from the Figures 20 and 21 of McBride (1982). 

The scale values of these stimuli on the JND scale of glucose and 

f ructose were graphically estimatsd from Figure 2 of this chaptsr. 

Figura 9 shows the rslationship between the number of JNDs and 

ths scale values of McBride (1982). Except fo r the lowest point ( for 

0.15 M glucose) all points lie on a straight line. It ie concluded 

that the JND scale of glucose and f ructose developed previously 

converges with ths category scalss of glucose and f ruc toss obtained 

by McBride (1982). 
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4.4. Summary 

The re la t ionsh ip be tween t he ecale va lues obta ined by McBride's 

(1983) method o f c a t e g o r y s ca les , and t h e ecale va lues obta ined f r o m 

t h e funct ional measurement approach o f De Graaf & F r i j t e r s is no t 

l inear. The re la t ionsh ip b e t w e s n t he c a t e g o r y eca les o f McBride and 

t h e JND-scales o f De Graaf and F r i j t e r e is in f a c t l inear. 

10.5. THE GENERALIZED BEIDLER EQUATION FITTED FOR SINGLE SUGARS 

AND EQUIRATIO MIXTURE TYPES 

Beidler (1959) s u g g e s t e d t h a t his fundamental t a s t e equat ion 

which was or iginal ly deve loped t o desc r ibe t he neural r e p o n s s t o 

t a s t e st imuli (Beidler, 1954), can be a va l id desc r i p t i on f o r t he 

psychophys ica l f unc t ion o f t a s t e subs tances . One o f t h e a rgumente p u t 

f o r w a r d by Beidler was based on a r e p l o t o f t h e accumulated JND-ecale 

f o r s u c r o s e as c o n s t r u c t e d by Lemberger (1908). This r e p l o t o f 

Lembergere JND-ecale appeared t o c o n v e r g e w i th hie fundamental t a s t e 

equat ion. Be id ler 's sugges t i on was n o t f o l lowed by o t h e r 

i n v e s t i g a t o r s o f t h a t t i m s , p robably because o f t h e eimultaneoue 

development and appl icat ion o f S t evens method o f magnitude es t imat ion 

and t h e subsequent fo rmulat ion o f t h e powe r law ae t h e " p r o p e r " 

deec r ip t i on o f any psychophyeica l funct ion. 

In r e c e n t publ icat ions o f human psychophys ica l s t u d i s s h o w s v e r , 

Be id ler 'e t a e t e equat ion r e a p p e a r s in t h e l i t e r a t u r e (Cur t ie , S tevene 

& Lawless. 1984; De Graaf & F r i j t e r e , 1986; McBride 1987). McBride 

(1987) s u g g e s t s t h a t Beidler t a s t e equat ion is a va l id dBBcr ip t ion 

f o r t h e psychophys ica l func t ions o f s u c r o s e , f r u c t o e e , g lucose, NaCI, 

ca f fe ine and c i t r i c acid. 

Be id ler 'e or iginal t a e t e equat ion r e a d s , 

KRmax ,C 

R = (1) 

1 + KC 
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where R is the magnitude of the réponse. K ie an association constant 

reflecting the degree of affinity of a t as te substance molecule t o 

i ts receptor site-, C is the concentration in mol/L, and Rmax. 

repreeents the maximum response at very high stimulus concentrations. 

The relationship between log-concentration and response exhibits a 

symmetric sigmoidal function, asymptotically approaching ths maximum 

response at high valuee of log- stimulus concentration (see Figure 

10). 

One of the critical features of this function is that 

doubling the concentration always yielde a less than double response. 

In other words. Beidler'e tas te equation predicts compressive 

psychophysical functions over the entire stimulus range. 

The la t ter obeervation is not in agreement with the data 

obtained by Fr i j tere. De Graaf and colleaques, who found that the 

psychophysical functions fo r glucose, f ructose, sucrose, NaCI, and 

various equiratio mixture typee of these substances are positively 

accelerating at low concentratione but negatively accelerating at 

high concentrations. In electrophysiological studies of glucose and 

f ructose similar observation were made (Tateda & Hidaka, 1966; Morita 

& Shiraishi, 1968; Hiji & Imoto. 1980). In these la t ter studies a 

mors general form of Beidler'e tae te equation wae given. A similar 

more general equation wae also formulated by Beidlsr (1978) himsslf. 

This equation reads 

KRn,Bx.C»*n 
R = . (2) 

1 + KC**n 

The difference between equation 1 and equation 2 liée in the 

exponent n, i.e. the Hill coefficient (Hill. 1910). According t o 

Beidler, the exponent n re f lec ts the number of molecules that must be 

adsorbed at a receptor s i ts before a response is elicited. In the 

case of sucrose the value of n would be one indicating a 

monomolecular interaction between etimulus molecule and receptor 
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Figure 10. Log-linear plots of the generalized Beidler equation (see 
equation 2 in text), one for a function with an exponent of 1 
(the original Beidler equation), and one for a function with an 
exponent of 2. The values of the other parameters (K, and 
Rmax.) are supposed to be equal. 

si te. Figure 10 I l lustrates the difference between predictions from 

equation 1 and predictions from equation 2 when n has an assigned 

value of 2. This Figure shows that the slope of the function having 

the value of n = 2 is s teeper than the slops of the function having 

no exponent (or one might say that the exponent has a value of 1). 

Equation 2 prsdicts that at low concentrations the psychophysical 

functions are positively accelerating, whereas at high concentrations 

the psychophysical functions ars negatively accelerating. Thie 

prediction is in line with the observations of Fr i j ters and De Graaf. 

For a more thorough and theoretical treatment of f i t t ing the 

generalized t as te equation the reader is re fe r red t o Maee (1985). 

Equation 2 can be used t o f i t psychophysical functions fo r 

single substances as wsll as fo r equiratio mixture types. This 

providsB a potential possibility fo r rsparametrization of the 
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equiratio mixture model developed by Fr i j tere & Oude Ophuie (1983). 

Thie model provided excellent predictions fo r the prediction of the 

eensory response t o binary and physically more complex mixtures of 

sugars. The equiratio mixture model is an S-R model in which i t is 

assumed that the power function ae developed by Stevens is a valid 

description of the relation between concentration and responss. 

Although this assumption may be valid i t is clear that the relation 

between concentration and tas te intensity is not a power function. 

Power functions with an exponent unequal t o one are either 

compressing or expanding over the entire etimulue range. The data of 

the previous studies suggeet that this is not the case. 

Equation 2 was f i t t ed through the data obtained by De Graaf, 

Fr i j ter8 & Van Trijp (1987). De Graaf & Fr i j ters (1987b) and De Graaf 

& Fr i j ters (1987c). Equation 2 was also f i t t sd through the data of De 

Graaf & Fr i j ters (1987e) and the data on the accumulated JND-scales 

of glucose and f ructose. The estimated parameters obtained from these 

la t tsr analysss however had such a large standard e r ror that they 

could not be considered t o yield any meaningful interpretation. The 

results of these la t ter analyses ars thsre fore not given hers. All 

equations were f i t t ed with an i terat ive non-linear régression 

procedure ueing the Gauss-Newton method (SAS, 1985). 

The results of the present analysss must bs in tsrprsted with 

caution. The three estimated parameters are based on f ive points 

only. Fivs points in fact is t oo low t o yield reliable estimates. 

Another reason for caution with the interpretat ion of the resul ts of 

this analysis is that ths estimatee fo r the different parameters are 

not independent of each other. The estimated value of K f o r example 

hae a drastic influencs on ths estimated value of n. It appeared that 

over the iteratione in each analysis that the eetimated values fo r 

each of the three parameters showed correlatione close t o + 1 or -

1. 

Table 3 shows the eetimated parameters fo r the f i t t ed equations 

fo r ths data obtainsd by De Graaf. Fr i j ters & Van Trijp (1987). 

The results given in Table 3 show that fo r glucose, f ructoss and 

the three equiratio mixtures t ypes, the valuee of the exponent n and 
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Table 3. Estimated values of the parameters of equation 2, 
using the scale values obtained by De Graaf, Frijters, 
& Van Trijp (1987). 

St imulus type 

Glucose GlFr.75/.25 GlFr.5/.5 GlFr.25/.75 Fructose 

exponent n 1.53 

constant K 0.68 

Km ax 1 5 7 

1.44 

1.28 

143 

1.51 

1.81 

135 

1.39 

1.73 

140 

1.44 

2.31 

135 

the maximum responses do not dif fer t o any great extent. The value of 

n lies between 1 and 2 in all cases. The parameters n and Rm«x. of 

the mixtures do not lie in between the parameters of the unmixed 

substances. Ths rssponse t o 2.00 M f ructose in this study was about 

115, which is about 85 % of ths estimated maximum responss. The 

rssponse to 2.00 M glucose was 104 which is about 66 % of the 

estimated maximum response. 

The main difference between the parameters of the different 

stimulus types is ths value of the association constant K. Ths values 

of K of the mixtures lie bstwssn ths values of the unmixed compounds. 

From these results however i t is not clear whether the 

parameters of the mixtures can be predicted from the parameters of 

ths unmixed compounds. From this observation i t is concluded that i t 

is not s traightforward t o reparamstri2S the equiratio mixture model 

on the basis of ths generalized t as te equation. 

As mentioned above, Beidler (1978) noted that the value of n 

re f lec ts ths numbsr of stimulus molecules which must be adsorbed 

befors a responss is elicitsd. These rssul ts may indicate that the 

adsorption of glucose and f ructoss t o rsceptor s i tes is not a simple 

monomelcular process. This result is in agreement with the 

conclusions of o thsr invsst igators (Hiji & Imoto, 1980; Morita & 

Shiraishi, 1968; Tateda & Hidaka, 1968). De Graaf & Fr i j ters (1986) 

suggested that glucose and f ructose havs additional sscondary binding 



exponent 

constant 

Km ax 

n 

K 

1.65 

2.15 

141 
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Table 4. Parameter estimations of n and K of equation 2 for 
the psychophysical function of fructose as determined 
from the data of De Graaf & Frijters (1987c). 

scale values from scale values from 
difference response log-transformed ratio 

matrix response matrix 

1.64 

2.53 

4.2 

mechanisms. The present resul ts are also in line with this 

hypothesis. 

Table 6 shows the estimated parameters for the 

psychophysical functions of f ructose using the scale values obtained 

by De Graaf & Fr i j ters (1987c). The parameters were estimated fo r the 

scale values derived from the "difference" response matrix and fo r 

the scale values derivsd from the log-transformed " rat io" response 

matrix. In this study water was not included eo all scale values 

represented sweetness intensities on an interval scale without a 

specified zero point. In thie cass the reeponss t o water was 

estimatsd by inclusion of an additive conetant in equation 2. The 

estimatsd value of ths intsrcept (i.e. the estimated value of the 

additive constant) rspresented the estimated rssponss t o water. The 

sstimatsd values of FLax. are given as the distance t o the estimated 

scale value of water. 

Table 4 shows that the estimated value of n obtained from the 

difference responss matrix is similar the valus of n obtained from 

the log-transformed rat io responss matrix. Ths obtained valuss of 

1.64 and 1.65 ars slightly higher than the value of n = 1.44 obtained 

from the data of De Graaf. Fr i j ters , & Van Trijp (1987). The value of 

K of 2.15 for "differences" d i f fers somewhat from the value of K of 

2.53 fo r log " rat ios". Ths sstimatsd value of K = 2.33 obtained from 

the data of De Graaf. Fr i j ters . & Van Trijp lies in betwssn thsss two 
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Table 5. Estimations of the parameters of equation 2 for 
fructose, sucrose and the SucFru .50/.50 mixture, 
using the scale values of De Craaf & Frijters (1987b) 

exponent n 

Constant K 

Rma x 

fructose 

1.40 

1.71 

98 

St imu lus type 

SucFru .50/. 

1.27 

2.08 

113 

50 sucrose 

1.05 

1.22 

144 

estimates. 

The difference between the estimated response t o water and the 

response to 2.0 M f ructose, was about 90 % of the difference of the 

estimated réponse t o water and the estimated maximum response. The 

value of 90 % applied fo r both "differencee" and log " rat ios". This 

percentage is similar t o the percentage obtained from the data of 

Fr i j ters, De Graaf, & Van Trijp (1987). where 2.00 M f ructose was 

estimatsd to account fo r about 85 % of the maximum response. 

Table 5 shows the eetimated parameters fo r the psychophysical 

functions of sucrose, f ructose, and the SucFru .50/.50 equiratio 

mixture type. This table shows that the estimated value of n fo r 

sucrose is 1.05. This value is close t o one and indicates that the 

psychophysical function of sucross concurs with the simpleet form of 

Beidler's t as te equation, repreeented by Equation 1. Thie observation 

concurs with the conclusions of various electrophysiological studies 

(Ds Graaf & F r i j ts rs . 1986). 

The value of n for f ructose is 1.4-0 which is similar t o the 

estimatsd valus of n = 1.44 as obtained from the data of De 

Graaf, Fr i j ters & Van Trijp (1987) (see Table 6). The responss t o 

2.00 M f ructose was about 80 which is about 82 % of the estimatsd 

maximum response t o f ructose. This percentage concurs with the 

correeponding percentages obtained from the two previous analysée. 
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The estimated values of n and Rm«x. of the sucrose/fructoee 

.50/.50 mixture lies in between the values of n and Rmax. for unmixed 

sucrose and unmixed f ructose. 

The value of K of 1.71 for f ructoee is slightly lower than the 

estimated values fo r K in the Tables 3 and 4. Surprieingly the value 

of K for sucrose is substantially lower than the value of K fo r 

f ructose. As sucrose is sweeter than f ructoss on a molar basis i t was 

sxpscted that the value of K for sucrose would be higher than the 

value of K for f ructose. Probably the estimated values of K are 

intsrrelated with the eetimated values of n and Rmax. Another 

unexpected result is the high value of K fo r the mixture. This value 

exceeds the eetimated values fo r the unmixsd components. 

In conclusion, i t can bs said that the estimatsd values of n, 

Rmax.. and K for unmixed f ructoee show a large variation. It ie most 

probable that more data-points must be known before any reliable 

estimates can bs obtained with this procedure. On the basis of ths 

present results i t makss l i t t le t o apply the rationale of the 

equiratio mixture model, t o peychophysical functions having the form 

of the generalized Beidler equation form. 
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CHAPTER ELEVEN 

GENERAL DISCUSSION 
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In this thesis, the perception of t as te substance mixtures 

was studied with rs fsrence to three central ieeuee. 

The f i r s t issue is the concept of equiratio t as te substance 

mixtures which is t o bs considsrsd as nsw paradigm which makes i t 

possibls t o construct mixtures in an unprecedented way. This 

thesis pursues the conssquences of the concspt of equiratio tas te 

substancs mixtures in the study of t as te interaction phenomena. 

The second issue concerns rules currently in use regarding 

the comparison of the tas te intensity of a mixture t o the tas te 

inteneitiss of the mixture's unmixed compounds. This thssis 

invsstigates the consequencss of application of thsse rulee for the 

theoriee and hypothesss about ths t as te interaction in mixturss. 

The third ieeue concerne fundamental measursmsnt of t as te 

intensitiss of mixturss and mixturs's componsnts. A rscsnt 

s t ructure for meaeuring mental s ta tss is functional msasurement 

(Anderson, 1981). This research methodology incorporates spscific 

rules and prescriptions to check the psychometrical etatue of 

verbal ratings. 

It appears that the concspt of equiratio taete eubetance 

mixturss is a powsrful tool in the study of the t as ts intsraction 

in mixturss. One of the main features of this concept is that i t 

enables ths physical dimsnsion of stimulus concentrations in 

mixtures t o bs manipulatsd in a similar way as i t is done for 

unmixsd substancss. This allows for the determination of 

psychophysical functions of t a s t s substancs mixtures. 

Fr i j ters & Oude Ophuie (1983) ehowed that the equiratio taete 

mixture model provided excellent predictions fo r the responeee t o 

the sweetness intsnsity of glucose-fructose mixtures. Fr i j tere. 

De Graaf. & Kooien (1984) showsd that ths equiratio t as te mixture 

model can aleo be applied fo r the prediction of the reeponsss t o 

ths sweetness intsnsity of sucrosB-sorbitol mixturss. This modsl 

was succesfully extended t o predict the sensory responeee to 

complex mixturee of sugars and sugar alcohols (Fri j ters & De 

Graaf. 1987). Fr i j tere & Stevene (1986) showsd that this modsl 

can also be ussd fo r ths prsdiction of the reeponeee t o the 
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80urness of binary equiratio acid mixtures. Results of future 

studies must decide whether or not the equiratio t as te mixture 

model will also be succesful in predicting the sensory responses 

to other types of mixtures. 

The concept of equiratio taBte substance mixtures also 

provided the basis for assessing the t as te interaction according 

t o the "equimolar comparieon rule", which is dsecribed in the 

Chapters Four and Six. Application of this rule t o the resul ts of 

various othsr studies (Chapter Four) euggeets that the taete 

interaction in all binary sugar mixtures follows two general 

principles. The f i r s t principle is that the sweetnese intensity 

of a binary sugar mixturs lies between the sweetness intensities 

of i t s components, when each is tas ted alone at at the same to ta l 

molarity ae the mixture (Chapter 4). The second principle is that 

ths swsstness intsnsity of a binary sugar mixture approaches of 

the sweetness intensity of the sweetest unmixed compound, when 

the proport ion of the swestest compound in the mixture increases. 

It is clear that equimolar comparison rule provided an 

excellent tool for assessing the t as te interaction in binary 

sugar mixtures. However, application of this comparison rule is 

not so straigthforward in the case of the tas te interaction in 

mixtures of sugars and intensive swsstenere. It is not fsasable 

t o compare the swestnsss intensity of sugars, intensive 

sweetensrs. and mixtures of intensive sweetenere and sugars at 

equimolar concentrations. Future studies must ehow whether or not 

the equimolar comparison can be adjusted t o describe the t as te 

interaction in mixtures of sugars and intensivs sweeteners. 

When the t as te interaction between intsnsive sweeteners and 

sugars is considered, application of the two other comparison 

rulss t o asseee the taete interaction, i.e.. the summated 

response comparison rule and the factorial plot comparison rule, 

ie etraightforward. The concentrations of a sugars and inteneive 

sweeteners can be manipulated according t o a factorial mixture 

design, and ths t as te interaction can be specfied according to 

these comparison rules. However, when assessing the tas te 
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interaction according t o the factorial plot or the summated 

response comparison, there is one additional issue that must be 

considered, i.e.. the psychometric propert ies of the response 

scale. 

As was shown in Chapter Five, the psychometric propert ies of 

the response seals have a draetic influence on the conclusions 

that ars drawn on the basis of ths summated responss comparison. 

The same applies for conclusions about the tas te interaction when 

using the factorial plot comparison rule. When the t as t s 

interaction is being assessed according t o the factorial plot 

comparison rule, the t as te intensitiss must bs assessed on a 

interval ecale. and when the summated reeponse comparison is 

applied the t as ts intensities must bs assessed on a ra t io seals. 

Ths rssul ts of the studies of this thesis suggest that ths 

applied psychophysical scaling method, i.e.. a functional 

measurement approach in combination with a two stimulus 

procedure, yielded interval scales of perceived tas te intsnsity 

(Chapters Five. Six. Seven and Nine). The results of each of thess 

experiments showed that the judgment function was linear in each 

etudy. The additional critical analyses in Chapter Ten of this 

thesis show that the interrelationships among the scale values 

obtained from different studies, concur with ths hypothesis that 

the scale values represent t as te intensities msasured on a rat io 

scale. 

The additional analyses in Chapter Ten showsd that 

the scale values obtained from the functional measurement 

approach in combination with two etimulus procedure are not 

linear with the scale values on the category scale of McBride 

(1982. 1986). The JND scales of glucoss and f ructose as 

developed in Chapter Ten are also not linear with the scale 

values obtained from the functional measurement approach. 

However, the JND scales of glucose and f ructose converge with the 

category scales of glucose and f ructose ae obtained by McBride 

(1982). A JND scale fo r sucrose also concurred with the category 

ecale for sucrsose. according t o McBride (1983). 
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To summarize. JND scales fo r glucose, f ructose, and sucrose 

concur with category scales for glucoss. f ructoss and sucrose as 

obtained by McBride (1982, 1983a,b, 1986). However, the category 

scales and JND scales are not linsar with ths seals values 

obtainsd from ths functional msasurement approach. These lat ter 

ecale values were shown t o rsprssent interval scales of psrcsivsd 

tas te intensity. Thsss seals values also concur with testable 

predictions for a rat io seals. 

The question now arises as t o which scale is linear with 

perceived tas te intensity, ths JND and catsgory scalss. or ths 

scale values obtained from the functional measurement approach ? 

McBride (1983a.b) claims that the scales that hs obtained 

are interval ecales of perceived t as te intensitiss. Hs USBS 

two arguments, i.e. 1) ths category scale-JND scale convergence 

(McBride. 1983b). and 2) the agreement between category scalss 

and matching data (McBride, 1983a). Both arguments ars 

invalid. With respsct t o the f i r s t argument, i t is notsd« that 

when both the category scale and the JND-scale are not linear 

with perceived t as te intensity, i t may well be that the 

relationship bstween these two is in fact linear. Both types of 

scalss may bs nonlinsar in the sams way. 

The second argument is invalid too. In Chapter Six of this 

paper, i t was shown that ths data obtained by functional 

measursment agree with the matching data obtained in Chapter 

Three. In Chapter Ten i t was shown that the magnitude estimation 

data obtainsd by Fr i j tsrs & Oude Ophuis (1983) also agrss with 

the matching data in Chapter Three. As the data of McBride 

(1983b) are also in agrssmsnt with the matching data, we are now 

faced with at least three types of scales (McBride. 1983b; 

Fr i j ters & Ouds Ophuis, 1983; Chaptsr Six), which ars all in 

agrssment with matching data: However, thess scales are 

interrelated in a non-linear way. Thus, the argument that a 

particular scale agrees with matching data is no evidsnes fo r a 

linsar scale. 

It is argued that ths scale values obained by the functional 
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measurement approach a re l inear w i th p e r c e i v e d t a e t e i n tens i ty . 

The paralel l ism in t h e f a c t o r i a l p l o t e in t h e Chaptere F ive. Six. 

Seven, and Nine show t h a t t he judgment funct ion in each o f t heee 

é tud ies wae l inear. On t h e bas is o f t h e t h e o r y o f i n format ion 

i n teg ra t i on o f Anderson (1981). i t can thus b s i n f e r r e d t h a t t he 

d s r i v e d sca le valuee a re l inear w i th p e r c e i v e d t a s t e i n tens i t y . 
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SUMMARY 
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CHAPTER ONE 

The t hes i s deals w i th t he human p e r c e p t i o n o f t a s t e 

substance m ix tu res . This sub jec t m a t t e r ie s tud ied w i th r e f e r e n c e 

t o t h r e e cen t ra l i s sues . 1) t h e concep t o f equi rat io t a e t e 

subs tance m i x tu res , 2) t h e way how t h e t a s t e i n tens i t y o f a 

m ix tu re is comparsd t o t h e t a s t e i n t sns i t i es o f t h e m i x t u r e ' s 

componente, when t a s t e d independent ly, and 3) t he psychomet r i c 

p r o p e r t i e s o f t h e r e s p o n s e sca le. 

CHAPTER TWO 

Thie chap te r g i ves a r ev i ew o f t h e l i t e r a t u r e on t h e p e r c e p t i o n 

o f t a s t e subs tance m i x tu res unt i l 1980. This r ev i ew does n o t 

account f o r r e c e n t deve lopments in peychophys ica l t a s t e m ix tu re 

r e s e a r c h , and r e s u l t s in a desc r ip t i on o f t h e s t a t e o f knowledge 

on t h e p e r c e p t i o n o f t a s t e subs tancs m i x tu res as i t e x i s t s d a t 

t he end o f t h e 1970'e. 

The s tudy o f t h e p e r c e p t i o n o f t a s t e subs tance m ix tu res 

is d iv idsd in t w o main a reas i.s. t h e p s r c s p t i o n o f 

qual i ta t ive ly similar t a s t i n g subs tances and t he p e r c e p t i o n o f 

qual i ta t ive ly dissimilar t a s t i n g subs tances . 

The r e s u l t s o f s t ud ies on t h e p e r c e i v e d t a s t e i n tens i t y o f 

m ix tu res o f qua l i ta t ive ly similar t a s t i n g subs tancee , showed t h a t 

t he i n tens i t y o f a m i x tu rs exceede t h e sum o f t he t a s t e 

i n ten8 i t i ss o f t h s m i x t u r e ' s unmixed components . Howsve r , m o s t o f 

t h e s e r e s u l t s can be explained on t h e bas is o f a model o f 

Bar toshuk & Cleveland, which r e l a t é e t h e t a s t e i n te rac t i on be tween 

eubs tances t o t h e f o r m s o f t he psychophys ica l func t ions o f t h s 

m i x t u r s ' s unmixed components . 

The e tudy o f t h e t a s t e i n te rac t i on in m i x tu res o f 

qual i ta t ive ly dissimilar t a s t i n g subs tances f o c u s s s on t w o 

i ssues i.e. t he p e r c e i v e d t a s t e qual i ty , and t he p e r c e i v e d t a s t e 

i n tens i t y . 

One o f t h e quest ions concsrning t h e t a s t s qual i ty o f 
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m ix tu res was a l ready r e s o l v e d in t h e middle o f t he n ine teenth 

cen tu ry . The t a s t e qual i t ies o f t h e m i x t u re ' e components can 

be ident i f ied in m i x tu res . For example, pa r t i cu la r m ix tu ree 

o f s u c r o s e and NaCI t a s t e bo th e w e e t and ea l t y . Another quest ion 

concerning t he t a s t e qual i ty o f m i x tu ree ie whether o r n o t new 

t a s t e qual i t ies emerge. The d iscussion on t h i s i ssue s t a r t e d a t 

t he end o f t he n ineteenth c e n t u r y , and cont inues unt i l t h e 

p r e s e n t day. This quest ion ie s t i l l n o t r e s o l v e d . 

Whether o r n o t t he s p e c f i c t a s t e i n tene i ty o f a pa r t i cu la r 

t a s t e subetance ie a l t e r e d by t h e p resence o f another dissimilar 

t a s t a n t . has been i n ves t i ga ted in a l a rge number o f é tud iée. 

There appea rs t o be l i t t l e agreement be tween t h e r e e u l t e o f 

va r ious s tud iee . 

CHAPTER THREE 

Beldler f o rmu la ted his t a s t e m ix tu re equat ion t o desc r ibe 

t h e neural r e s p o n s e t o t a s t e subs tance m ix tu ree , o f which t he 

moleculee o f t he components compete f o r adso rp t i on a t t h e eame 

r e c e p t o r s i t e s . L a t e r , t h i s equation was general ized t o a 

psychophys ica l I sve l . The pu rpose o f t h i s chap te r was t o show t h a t 

Be id ler '8 m ix tu re model can be t e e t e d a p p r o p r i a t e l y w i th i nd i rec t 

psychophys ica l methods. Using t h e method o f c ons tan t s t imul i , 

concen t ra t ions o f f r u c t o s e , and t h r e e equi rat io m ix tu re t y p e e o f 

g lucose and f r u c t o s e w e r e matched in p e r c e i v e d s w e e t n e s s 

i n tens i t y t o f i v e g lucose s tandard concen t ra t ione . The r e s u l t s 

showed t h a t Be id ler 's m ix tu re equat ion deec r ibes accu ra ts l y t he 

t a s t e i n te rac t i on be tween g lucose and f r u c t o s e a t low s w e e t n e e s 

levele. A t high s w e e t n e s s leve ls t he t a s t e s y s t e m o p e r a t e d in a 

more e f f i c ien t way than could be e x p e c t e d on t h e bas is o f Bs id l s r ' s 

m ix tu re equat ion, because t h e exper imenta l ly de termined m ix tu re 

concen t ra t ione w e r e lower than t h o s e p r e d i c t e d by th ie model. The 

f indinge s u g g e e t t h a t g lucose and f r u c t o s e ehare common 

r e c e p t o r e . bu t t h a t e i the r one o r bo th have addit ional secondary 

binding mechanisms. 
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CHAPTER FOUR 

This chap te r d i scusses t w o ru les cu r r en t l y in use f o r t he 

assessmen t o f t h e t a s t e i n te rac t i on in b inary m ix tu ree o f 

qual i ta t ive ly similar t a s t i n g subs tances . Usually, t h e t a s t e 

i n te rac t i on is a s s e s s e d by comparing t h e r e s p o n s s t o a m i x tu rs t o 

t he sum o f t h e r e s p o n s e s o f t h e m i x t u r e ' s componsnts ( i.e. " t h e 

summated r e s p o n s e compar ison ru le") . The second ru le d iscussed is 

t he "equimolar compar ieon ru le " . When t h i s ru le ie app l ied, t h e 

t a e t e i n tene i ty o f m ix tu ree and s ingle subs tances a r e compared a t 

t hoee concen t ra t i ons where t h e m i x tu res and s ingle compounds have 

equal mo lar i t ies . Ths r s s u l t s o f s s v e n publ ished s tud ies w e r e r e 

analyzed in o r d e r t o enable appl icat ion o f t h e equimolar 

compar ison ru le . The r e s u l t s showsd t h a t t h e t a s t e i n te rac t i on in 

b inary sugar m i x tu res fo l lows t w o pr inc ip les. Ths f i r s t p r inc ip ls 

i s t h a t t h s s w e e t n e s s i n tens i t y o f a b inary sugar m ix tu re l iée 

be tween i n tens i t ies o f i t s components , when each is t a s t s d alons 

and a t t h e same t o t a l mo lar i ty as t h s m ix tu re . The second 

pr incip le i s t h a t t h e s w e e t n e s s i n t sns i t y o f a b inary sugar 

m ix tu re g e t s near t he s w e e t n e s s i n t sns i t y o f t h e s w s s t s s t 

component , t a e t e d alone and a t t he sams molar i ty as t h s m i x tu re , 

when t he p r o p o r t i o n o f t h e s w s s t s s t componsnt in t h e m ix tu re 

i nc reases . 

CHAPTER FIVE 

In t h i s chap te r i t is a rgued t h a t t he t a s t s i n te rac t i on in 

t a s t s subs tance m i x t u r s s can only b s s tud ied p r o p e r l y by 

appl icat ion o f a psychophys ica l methodo logy , which s s p a r a t e s t h e 

s e n s o r y p r o c e s s e s f r o m t h e judgmental p r o c e s s e s . This i s 

achieved by a funct ional measurement approach in combination 

w i th a t w o st imulus p rocsdu re . In t h i s s t u d y , so lu t ions o f 

g lucose, f r u c t o s e , and t h r e s equi rat io m i x tu res o f g lucose and 

f r u c t o s e , w e r e compared w i th g lucoee so lu t ions f o r p e r c e i v e d 
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swee tnesB i n tens i t y . Paralell ism in t he ob ta ined f a c t o r i a l p l o t s 

showed t h a t t he judgment funct ion was l inear. From t h i s r e e u l t i t 

was i n f s r r e d t h a t t h e marginal means o f t h s r e s p o n s e ma t r i ces 

r s p r s s s n t pe r ce i ved ewee tnees i n t sns i t i s s on an i n te rva l sca le. 

The r e s u l t s showed t h a t t h e peychophys ica l funct ions o f t h e t h r e e 

equirat io m i x tu res o f g lucose and f r u c t o s e lie in be tween t h e 

peychophysica l func t ions f o r unmixed g lucose and f r u c t o s e . 

CHAPTER SIX 

In t h i s c hap te r i t i s d i scussed how t h e t a s t e i n t e rac t i on 

be tween t w o qual i ta t ive ly similar t a s t i n g subs tances in m i x tu res 

can be a s s e s s e d . The t a s t e i n te rac t i on can be a s s e s s e d using t h e 

"equimolar compar ison r u l e " , t h e " f a c t o r i a l p l o t compar ison 

r u l e " , o r t h e "summated r e s p o n s s compar ison r u l s " . Theee ru lee 

w e r e appl ied on t h s r s s u l t s o f an i nvss t i ga t i on on t h e s w e e t n e s s o f 

s u c r o s e , f r u c t o s s , and s u c r o s e - f r u c t o s e m ix tu ree . Each compar ison 

ru le a r r i v e d a t a similar desc r i p t i on o f t h e t a e t e i n t e rac t i on 

be tween s u c r o s e and f r u c t o s e , e x c e p t f o r one phenomenon. From t h e 

r e s u l t s o f t h s equimolar compar ison ru l s i t became apparen t t h a t 

t h e s w s s t n e s s i n t sns i t y o f s u c r o s s - f r u c t o s e m ix tu res l ies in 

be tween t h e s w e e t n e e s i n tene i t ies o f unmixed s u c r o s e and 

f r u c t o s e . This was n o t ev ident f r om t h e r e e u l t s o f t h s o t h e r 

compar ison ru les . The t a s t e i n te rac t i on be tween s u c r o s e and 

f r u c t o s e could be expla ined t o a l a rge e x t e n t , a l though n o t 

comp le te ly , by t h e apparen t t a s t e i n t e rac t i ons wi th in s u c r o e e and 

wi thin f r u c t o s e . I t i s a lso a rgued t h a t t h s t a s t e i n t e rac t i on in 

b inary sugar m ix tu ree is s ynerg is t i ca l l y a t low s w e e t n e s s l eve l s , 

add i t ive a t i n te rmed ia te s w e e t n e s s l eve l s , and s u p p r e s s i v e a t 

high s w e e t n e s s l eve ls . 

CHAPTER SEVEN 

In t h i s chap te r i t i s i n v e s t i g a t e d , whe ther o r n o t s u b j e c t s 

use one compara t i ve o p e r a t i o n be tween t h e abso lu te s w e e t n e s s 
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in tens i t ies e l i c i ted by a pa i r o f f r u c t o s e s t imul i , i r r s s p s c t i v e 

whether t hey a r e i n s t r u c t e d t o judge " r a t i o s " o r " d i f f e r e n c e s " in 

pe r ce i ved s w e e t n e s s i h t sns i t i ss . Ths pa i r s o f f r u c t o s e etimuli w e r e 

c o n e t r u c t e d on t h e bas is o f a f a c t o r i a l judgmsnt design. The 

r e e u l t e ehowed t h a t judgments o f " r a t i o s " and judgments o f 

" d i f f e r e n c e s " w s r s monotonical ly r e l a t e d . The marginal means o f 

t he l o g - t r a n s f o r m s d r a t i o r eeponeee w s r s a l insar funct ion o f t h s 

marginal means o f t h e d i f f e rence r e e p o n s e mat r i x . Theee r e e u l t s 

indicate t h a t s u b j e c t s use only one compar i t i ve o p e r a t i o n 

be tween p e r c e i v e d s w e e t n e s s i n tens i t i ss . This compara t i vs 

ope ra t i on is t o be desc r ibed by a lgebraic sub t rac t i on . 

CHAPTER EIGHT 

This chap te r concerns concen t ra t ione o f s u c r o s e and NaCI 

which a r e equal in p e r c e i v e d t a e t e i n tene i ty . In some s t ud ies i t 

was s u g g e s t e d t h a t s u c r o s e and NaCI have equal p e r c e i v e d t a s t e 

i n tens i t ies when t he i r molar concen t ra t i ons a r e about equal. 

Reeults o f o t h e r s t ud ies suggee t t h a t s uc roee and NaCI t a s t e 

equally s t r o n g , when t h e molar s u c r o s e concen t ra t i on ie 1.5-1.75 

t imes t h e molar NaCI concen t ra t ion . Thie i ssue was pu rsued in an 

exper imen t , where NaCI concen t ra t i ons w e r e matched in p e r c e i v e d 

t a e t e i n tene i ty t o f i v e euc roee so lu t ions (and v i c s - v e r s a ) , using 

t he method o f c ons tan t st imuli . The r e s u l t s concu r r sd w i th 

p rev ious obse rva t i one t h a t s uc roee and NaCI have an equal 

p e r c e i v e d t a s t e i n t ens i t y , whsn t h e molar concen t ra t i on o f 

s u c r o s e is 1.5-1.75 t imss t h e molar concen t ra t i on o f NaCI. 

CHAPTER NINE 

This chap te r concerns t h e i n te r re la t ioneh ipe among t h e 

s w e e t n e s s , sa l t i ness and t o t a l t a s t s i n tens i t y o f unmixed 

s u c r o s e , unmixed NaCI and eucross/NaCI m ix tu res . Thsss 

re la t ionehips a r s i n vee t i ga ted accord ing t o a conceptual 

f ramework . The psychophys ica l scal ing method ueed in t h i s s t udy 
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wae similar t o t h e method appl ied in t h e Chap te rs Five and Six. 

The r e s u l t s showed t h a t t h e psychophys ica l funct ions f o r t h e 

s w e e t n e s s o f s u c r o s e , and t h s sa l t i nsss o f NaCI a re expans ive a t 

low concen t ra t ione and compress i vs a t high concen t ra t ions . The 

s w e e t n e s s o f s u c r o s e was similar t o t h e t o t a l t a s t e i n tens i t y o f 

s u c r o s e , and t h s sa l t i ness o f NaCI was similar t o t h e t o t a l t a s t e 

i n tens i t y o f NaCI. Sucross/NaCI m i x tu res w e r e s w e e t e r than t he 

co r respond ing unmixed s u c r o s s so lu t ion , when bo th t h e NaCI and 

s u c r o s e concen t ra t ions w e r e low. When e i t he r t h e s u c r o s e 

concen t ra t ion o r t he NaCI concen t ra t i on was high, sucrose/NaCI 

m ix tu res w e r e p e r c e i v e d as l ess s w e e t than unmixed s u c r o s s . The 

sa l t i ness o f sucrose/NaCI m i x tu res was lower than t h e sa l t i ness 

o f unmixed NaCI. The t o t a l t a s t e i n tens i t y o f sucross/NaCI 

m ix tu res could be well p r e d i c t e d by t h e square r o o t o f t he sum o f 

t he squared t o t a l t a s t e i n tens i t i es o f t h e m ix tu re 'e components 

when t a s t s d alone. The t o t a l t a e t e i n tens i t y o f sucrose/NaCI 

m i x tu r ss was about equal t o t h s sum o f t h e m i x tu re ' s s w e e t n e s s 

and sa l t i ness i n t sns i t y . 

CHAPTER TEN 

In t h i s chap te r some addit ional ana lyses w e r e c a r r i e d ou t . 

I t a ppea rs t h a t accumulated JND-scales o f g lucose and f r u c t o s e , 

c o n s t r u c t e d on t h e baeis o f t h e r e s u l t s o f Chapter Three a r e 

in ternal ly cons i s ten t . A compar ison be tween t h e r e e u l t s o f 

t he Chap te rs F ivs , Six, Seven and Nine, shows t h a t t h e sca le 

va lues obta ined in each o f t h e s e é tud ies d i f f e r w i th a 

mul t ip l icat ive cons tan t only. The sca les obta ined in t h e s e 

Chap te rs a r s n o t l inear w i th t h e sca les obta ined by McBride. This 

chap te r concludes w i th some a t t s m p t s t o f i t a gsnera l ized Beidler 

funct ion t o t he sca le valuee obta ined in t h e Chap te rs F ive. Six. 

and Seven. 
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CHAPTER ELEVEN 

In t h e genera l d iscussion i t i s n o t e d t h a t t h e paradigm o f 

equirat io t a s t e subs tance m ix tu res appea red t o be a power fu l 

i ns t rumsnt in t h e s t u d y o f t a s t e i n t e rac t i on phenomena. The 

equi rat io t a s t e m i x tu re model p r ov i ded exce l len t p red i c t i ons f o r 

t he s e n s o r y r e s p o n s e s t o b inary and complex m i x tu res o f s uga rs 

and sugar -a lcoho ls , and f o r b inary m i x tu res o f ac ids. The 

equimolar compar ison showed t h a t t he t a s t e i n te rac t i on in b inary 

sugar m i x tu res fo l lows t w o genera l p r inc ip les . Future s tud ies 

must show whether o r no t t h e equimolar compar ison ru le can a lso 

be appl ied t o m i x tu res o f suga rs and i n t sns ive s w e e t e n e r s . This 

chap te r concludes w i th a d iscussion on t h e psychomet r i c 

p r o p e r t i e s o f t h e sca les obta ined by McBride, and t h e sca les 

obta ined in t h i s t h s s i s . It is concludsd t h a t t he sca les obta ined 

in t h i s t hes i s a r s l inear w i th p e r c e i v e d t a e t e i n t ens i t y , whe rsas 

t h e s ca l ss ob ta insd b y McBrids a r e n o t l insar w i th p e r c e i v e d 

t a s t s i n tens i t y . 
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CHAPTER THIRTEEN 

(HOOFDSTUK DERTIEN) 

SAMENVATTING 

(SUMMARY IN DUTCH) 
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HOOFDSTUK EEN 

Dit p r o e f s c h r i f t handelt o v e r de p e r c e p t i e van smaaks to f f en 

mengsels. Hierbi j komen met name d r ie cen t ra le kwee t i ee aan de 

o r d e . 1) h e t concep t van equi rat io smaaks to f f en menoss ls . 2) de 

wi jze waarop de smaak in tens i ts i t van esn mengsel w o r d t ve rge leken 

met de smaakintenei te i ten van de ongemengde componenten van h e t 

mengsel , en 3) de psychomet r i sche e igenschappen van de r e s p o n s 

schaal. 

HOOFDSTUK TWEE 

Dit hoo fds tuk g e e f t een ove rz i ch t v an de l i t e ra tuu r o v e r de 

p e r c e p t i e van smaaks to f f en mengsels t o t 1980. Dit o v s r z i c h t gaa t 

n ie t in op r e c e n t e ontwikkel ingen, en r e s u l t e e r t in een 

beschr i jv ing van de kennis op h e t gebied van de p e r c e p t i e van 

mengsels van s m a a k s t o f f e n , zoals dsze b s s t o n d aan h e t einde van 

de zeven t i ge r j a ren . 

De s tud ie naar ds p e r c e p t i e van mengsels van smaaks to f f en is 

ve rdee ld in t w e e hoofdgebieden, de p e r c e p t i e van mengssls van 

kwa l i ta t ie f gel i jksmakende e t o f f e n , en de p e r c e p t i e van mengsels 

van kwa l i ta t ie f ongeli jksmakende s t o f f e n . 

De r e s u l t a t e n van s t ud ies naar r de waargenomsn 

smaak in tens i ts i t van mengsels van kwa l i t i t i s f gsl i jksmaksnde 

s t o f f e n l ie ten z ien, da t de smaak in tens i ts i t van een mengssl 

g r o t s r i s dan de som van de smaak in tens i te i ten van de ongemengde 

componenten van h e t mengsel . Het g r o o t s t e deel van deze 

r e s u l t a t e n kan e c h t e r ve r k l aa rd worden op g rond van een model 

van Bar toshuk & Cleveland, da t de emaak- in te rac t ie in mengsels in 

ve rband b r e n g t met de v o r m van de p s y c h o f y s i s c h s f u n c t i s s van d s 

ongemengde componenten. 

De s tud ie naar de smaak- in te rac t ie in mengsels van 

kwa l i ta t ie f ongeli jksmakende s t o f f e n r i c h t zich op een t w e e t a l 

k w e s t i e s , namelijk, de waargenomen smaakkwal i te i t , en de 

waargenomen smaak in tens i te i t . 
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Een van de v r a g e n o v e r de emaakkwal i tei t van mengsels van 

kwa l i ta t ie f ongeli jk emakende sube tan t ies ie r e e d e bean twoo rd in 

he t midden van de negent iende eeuw. De individuele 

emaakkwal i te i ten kunnen in een mengsel ge ïden t i f i ceerd worden. 

B i j voorbee ld , bepaalde mengeels van t a fe l su ike r en keukenzout 

emaken zowel z o e t a ls zout . Een andere v r a a g o v e r de 

emaakkwali tei t van mengsels is o f e r een nieuwe smaakkwal i te i t 

o n t s t a a t . De d iecussie h i e rove r begon aan h e t einde van de v o r i g e 

eeuw, en z e t zich v o o r t t o t de dag van vandaag. Deze v r a a g is nog 

e t e e d s n ie t bean twoord . 

Of de spec i f ieke smaakin tens i te i t van een smaaks to f be inv loed 

w o r d t door de aanwezigheid van een andere kwa l i ta t ie f ongeli jk 

emakende s t o f , i s h e t onderwerp g e w e e s t van ve le s tud ies . Het 

b l i jk t e c h t e r da t e r weinig overeenstemming b e s t a a t t u s s e n de 

r e e u l t a t e n van de verschi l lende s t ud i ss . 

HOOFDSTUK DRIE 

Bsidler fo rmuleerde z i jn meng-vergel i jk ing v o o r de 

beschr i j v ing van de neurale r eepons op mengsels van s m a a k s t o f f e n , 

waarvan de moleculen van de componenten compe t i t i e p legen 

v o o r a d s o r p t i e aan deze l fde r e c e p t o r p laa teen. La te r w e r d deze 

mengvergel i jk ing gegenera l i seerd naar p s y c h o f y s i s c h niveau. Het 

doel van d i t hoo fde tuk wae aan t e t o n e n , d a t Be id ie r 's mengmodel o p 

een adequate manier g e t o e t s t kan worden me t behulp van i nd i rec te 

p sycho fys i sche ms thodes . Gebruik makend van de methode van 

c o n s t a n t e s t imul i , we rden concen t ra t i es van f r u c t o s e , en d r ie 

equi rat io mengsels van g lucose en f r u c t o s e , gematched in 

waargenomen zoe the ide in tens i t s i t t o t v i j f s tandaard g lucose 

op loss ingen. Ds r e s u l t a t e n l ie ten zien da t Be id ier 'e mengmodel de 

smaak in terac t ie t u s s e n g lucose en f r u c t o e e accuraat b e s c h r i j f t op 

lage zoetheideniveaus. Ech ter , op hoge zoetheideniveaus o p e r e e r t 

he t emaakzintuig e f f i c i ë n t e r dan men op g rond van Be id ie r 's 

mengformule had kunnen ve rwach ten . De exper imentee l bepaalde 

mengsel c oncen t ra t i es waren lager dan de concen t ra t i ee zoa ls h e t 



-249-

model ze voo rspe lde . De bevindingen s u g g e r e r e n da t g lucose en 

f r u c t o s e dezel fde r e c e p t o r e n hebben, maar da t een o f beide nog 

addit ionele bindingsmechaniemen hebben. 

HOOFDSTUK VIER 

In d i t hoo fds tuk worden t w e e r e g e l s beeproken die gebru ik t 

worden om de smaak in terac t ie in mengsels van kwa l i ta t ie f 

gel i jksmakende s t o f f e n v a s t t e s te l len . Gewoonlijk w o r d t de 

smaakintens i te i t v a s t g e s t e l d door de r e s p o n s op he t mengsel t e 

ve rge l i j ken met de eom van de r espons iee op de ongemengde 

componenten (de "gesommeerde r e s p o n e verge l i jk ing") . De t w e e d e 

r e g e l die w o r d t besp roken is de "equimolaire ve rge l i j k ing" . 

Wanneer deze r e g e l w o r d t t o e g e p a e t worden de smaak in tens i te i ten 

van mengsels en ongemengde componenten ve rge leken b i j die 

c o n c e n t r a t i e s , waarb i j de ongemengde s t o f f e n en de mengss ls 

gel i jke mo la r i te i ten hebben. De r e s u l t a t e n van zeven 

gepubl iceerde s tud ies werden opnieuw geana lyseerd , zodanig da t de 

smaak in terac t ie v a s t g e s t e l d kon worden met behulp van de 

equimolaire verge l i j k ing. De r e s u l t a t e n van deze heranalyse 

toonden aan da t de smaak in terac t ie in tweewaard ige su ikermengeels 

v e r l o o p t vo lgens t w s s eenvoudige p r inc ipes. De e e r s t e r e g e l i s 

da t de zoe the ide in tens i te i t van een tweewaard ig su ikermengsel 

t u s s e n de zoe theden l ig t van de componenten, wanneer elk van de 

ongemengde componenten en h e t mengsel b i j een gel i jke mo lar i te i t 

g e p r o e f d worden. De t w e e d e r e g e l i s , da t wanneer de p r o p o r t i e van 

de z o e t s t e euiker in h e t mengeel t o e n e e m t , da t de zoe the id van 

he t mengsel de zos the id van de z o e t s t e component benader t . 

HOOFDSTUK VIJF 

In d i t hoo fds tuk w o r d t b e t o o g d da t de smaak in terac t ie in een 

mengssl van smaaks to f f en alleen maar goed b e s t u d e e r d kan worden 

door de t oepass ing van een peycho fys i sche methodolog ie , die de 

sensor i sche p r o c e s s e n sche id t van de beoo rde l i ngsp rocssssn . Deze 
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Bcheiding w o r d t bewerks te l l i gd doo r de t oepass ing van een 

" funct ional measurement" benadering in combinat ie met een t w e e -

st imulus p rocedu re . In deze s tud ie werden op loss ingen van 

f r u c t o s e , en d r ie equirat io mengsels van g lucose en f r u c t o s s 

ve rge leken met be t rekk ing t o t waargenomen zoe the ids in tens i te i t 

met een aantal g lucose op loss ingen. Para le l l i te i t in de v e r k r e g e n 

f a c t o r i ë l e p l o t s l ie t z ien d a t de r e s p o n e func t ie l ineair was . 

Uit d i t r e s u l t a a t w e r d a fge le id da t de marginale gemiddeldes van 

de r e s p o n s ma t r i ces , waargenomen zoe the ids in tens i te i t en op een 

i n te rva l schaal r e p r e s e n t e r e n . De r e e u l t a t e n toonden eveneene aan 

da t de peycho fys i schs f unc t i es van equ i ra t io mengsels van g lucoee 

en f r u c t o s e t u s s e n de psyohofye ieche func t iee van ongemengde 

g lucose en ongemengde f r u c t o s e l iggen. 

HOOFDSTUK ZES 

In d i t hoo fds tuk w o r d t besp roken hoe de smaak in terac t ie in 

mengsels van kwan t i t a t i e f gel i jkemakende s t o f f s n v a s t g e e t e l d kan 

worden. De smaak in terac t ie kan worden v a s t g s s t s l d met behulp van 

de "gesommeerde r e s p o n s ve rge l i j k ing" , de " f a c t o r i ë l e p l o t 

ve rge l i j k ing" , en de "equimolaire ve rge l i j k ing" . Deze 

ve rge l i j k ings rege ls werden t o e g e p a s t o p de r e s u l t a t e n van een 

onderzoek naar de zoe the id van saccha rose , f r u c t o s e , en s a c c h a r o s e -

f r u c t o s e mengsels. Elke ve rge l i j k ings rege l r e s u l t e e r d e in een 

ge l i j k soo r t i ge beschr i j v ing van de smaak in te rac t ie t u s s e n saccharose 

en f r u c t o s e . Ech te r , één fenomeen kwam alleen maar naar v o r e n door 

de t oepass ing van de equimolaire ve rge l i j k ing en n ie t door 

t oepass ing van de andere ve rge l i j k ings rege ls . Dit was h e t 

ve rsch i jnse l da t de zoe the ids in tene i te i t van s a c c h a r o s e - f r u c t o s s 

mengsels t u s s e n ds zoe the ids in tens i te i t en van de ongemengde 

componenten l ig t . De smaak in te rac t ie t u s s e n saccharoee en f r u c t o e e 

kon v o o r een g r o o t g e d e e l t e , o f schoon n ie t helemaal, v e r k l aa rd 

worden door de "b l i j kbare" smaak in terac t ie binnen saccha rose en 

f r u c t o e e a ls ongemengde s t o f f e n . Er w o r d t b e t o o g d d a t de 

smaak in terac t ie binnen elk suikermengeel s y n e r g i s t i s c h is op lage 
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zoethe id n iveaus, add i t ie f ie op gemiddelde zoethe idsn ivaue, en 

onderdrukkend i s o p hoge zoetheideniveaue. 

HOOFDSTUK ZEVEN 

In d i t hoo fds tuk w o r d t onderzocht o f p r o e f p e r e o n e n al dan 

n ie t één verge l i j kende o p e r a t i e gebru iken, om t w e e abso lu te 

zoe the ids in tene i te i ten (opgewekt door pa ren f r u c t o s e st imuli) t e 

ve rge l i j ken , ongeacht o f ze nu gev raagd worden om "versch i l len" 

o f "verhoudingen" t e beoorde len. De pa ren van de f r u c t o e e st imuli 

we rden g e c o n s t r u e e r d op bas is van een f a c t o r i e e l beoorde l i ngs 

schema. De r e s u l t a t e n l i e ten z ien d a t de beoordel ingen van 

"verhoudingen" een monotone func t ie waren van de " ve rech i l " 

beoordel ingen. De marginale gemiddeldee van de 

l o g - g e t r a n s f o r m é e r d e r a t i o r e s p o n s m a t r i x wa ren een l ineaire 

func t ie van de marginale gemiddeldee van de r e s p o n s ma t r i x van 

ve rsch i l beoordel ingen. Deze r e e u l t a t e n s u g g e r e r e n da t 

p r o e f p e r s o n s n s l ech te één verge l i j kende o p e r a t i e gebru iken, 

wanneer z i j t w e e zoe the ids in tene i te i ten met elkaar ve rge l i j ken . 

Deze verge l i j kende o p e r a t i e w o r d t besch reven door a lgebraische 

s u b t r a c t i e . 

HOOFDSTUK ACHT 

Dit hoo fds tuk handelt o v e r concen t ra t i ee van saccha rose 

( ta fe lsu iker ) en NaCI (keukenzout) die een gel i jke 

smaakintenei te i t opwekken. In eommige s tud iee is g e e u g g e r e e r d da t 

saccharose en NaCI op loss ingen even e t e r k smaken, wanneer de 

molaire s u c r o s e concen t ra t i e gel i jk ie aan de molaire NaCI 

concen t ra t i e . De r e e u l t a t e n van andere s t ud ies s u g g e r e r e n da t 

s u c r o s e en NaCI op loss ingen even s t e r k smaken a ls de molaire 

s u c r o s s concen t ra t i e 1.5-1.75 k e e r de molaire NaCI c o n c e n t r a t i e 

is . Deze kwes t i e i s u i t g e w e r k t in een expe r imen t , waarb i j NaCI 

concen t ra t i es in smaakintenei te i t gematched werden t o t v i j f 

s u c r o s e op loss ingen, en v i ce v e r s a . Het matchen w e r d u i t g e v o e r d 
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rnet behulp van de methode van c o n s t a n t e st imuli . De r esu la ten 

kwamen o v e r e e n met de o b e e r v a t i e s van e e r d e r e s t ud i es , namelijk 

da t s u c r o s e Bn NaCI op loss ingen even s t s r k smaken, wanneer de 

molaire euc rose concen t ra t i e gel i jk ie aan 1.5-1.75 keer de 

molaire NaCI concen t ra t i e . 

HOOFDSTUK NEGEN 

In d i t hoo fde tuk w o r d t nader ingegaan op de onderl inge 

r e l a t i e s t u s s e n de zoe the id , zoutheid, en t o t a l e 

smaakin tens i te i t van ongemengde s u c r o s e , ongemengde NaCI en 

sucrose/NaCI mengsels. Deze r e l a t i e s worden b e s t u d e e r d aan de 

hand van een conceptuee l schema. De p s y c h o f y s i s c h s schaalmethode 

die in d i t exper iment is gebru ik t is gel i jk aan de methode zoals 

gebru ik t in de hoo fds tukken v i j f en zes . Deze é tud ie l i e t z ien 

da t sucrose/NaCI mengsels z o s t s r smaken dan ongemengde suc roee 

oploeeingen, indien zowel de s u c r o s e a ls NaCI concen t ra t i e laag 

is . Wanneer o f de s u c r o s s concen t ra t i e o f de NaCI concen t ra t i e 

hoog i s , dan w o r d t een eucrose/NaCI mengsel a ls minder z o e t 

waargenomen dan de ongemengde s u c r o s s op loss ing. De zoutheid van 

sucrose/NaCI memgsels is lager dan de zoutheid van ongemengde 

NaCI. De t o t a l e smaak in tens i te i t van een sucrose/NaCI mengeel kon 

goed worden v o o r s p s l d door de w o r t e l t e nemen u i t de som van ds 

gekwadra tee rde i n tene i te i ten van de ongemengde componenten. De 

t o t a l e smaak in tens i te i t van een sucrose/NaCI mengest was ongeveer 

gel i jk aan de som van de zoe the id en zoutheid van h e t mengsel. 

HOOFDSTUK TIEN 

In d i t hoo fds tuk worden enkele addi t ionele ana lyses 

u i t g e v o e r d . Hs t b l i j k t da t gsaccumuleerde JND-schalen (JND = Just 

Not icabls D i f fs rence) van g lucose en f r u c t o e e i n t e rn c ons i s t en t 

z i jn. Deze schalsn werden g e c o n s t r u e e r d op baeie van de 

r e s u l t a t e n van hoo fds tuk d r ie . Een verge l i j k ing van de r e s u l t a t e n 

van de hoofdetukken v i j f , z e s , zeven en negen l ie t z ien, da t de 
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schaalwaardes die in elk van deze s tud ies z i jn v e r k r e g e n , alien 

met een mul t ip l icat ieve c o n s t a n t e van e lkaar versch i l len. De 

v e r k r e g e n schalen z i jn n ie t l ineair me t de schalen die doo r 

McBride v e r k r e g e n z i jn. Tens lo t t e worden enige pogingen gedaan om 

de p a r a m e t e r s van een gegenera l i seerde Beidier verge l i j k ing t e 

s c h a t t e n met behulp van de schaalwaardss v e r k r e g e n in de 

hoofds tukken v i j f . z s s en zeven. 

HOOFDSTUK ELF 

In de algemene d iscuss ie w o r d t opgemerk t da t h e t paradigma 

van equirat io smaaks to f f en mengsels een k rach t ig inet rument i s om 

ds ve rsch i jnse len die o p t r e d e n in mengsels van smaaks to f f en t e 

bes tude ren . Het equ i ra t io mengmodel v o o r z a g in u i t s tekende 

voorsps l l ingen v o o r de s snso r i sche r e s p o n s op de waargenomen 

i n tens i t e i t van tweewaard ige en complexe mengsels van su ikers en 

suikeralcoholen en tweewaard ige mengsels van zuren. De 

equimolaire ve rge l i j k ings rsge l l ie t z ien da t de smaak in ts rac t i s 

in tweewaard ige su ikermengsels besch reven kan worden door t w e e 

eenvoudige p r inc ipes. Toekomst ige s tud ies zullsn mos ten uitmaken 

o f de equimolaire ve rge l i j k ing ook kan wo rden t o e g e p a s t o p 

mengssls van su ikers en a l t e rna t i eve z o e t s t o f f e n . Ds algsmene 

d iscussie w o r d t a f g s s l o t e n met een besprsk ing van de 

psychomet r i schs e igsnschappsn van ds schaal zoals die door 

McBride is ontwikkeld, en de schaal zoals die in d i t p r o e f s c h r i f t 

i s ontwikkeld. Gekonkludeerd w o r d t d a t deze l a a t s t e echaal 

l ineair ie met waargenomen emaakintens i te i t en da t de schalen 

door McBride z i jn ontwikkeld n ie t l ineair z i jn met waargenomen 

smaak in tsns i ts i t . 
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