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Interactions of Suprathreshold Taste Stimuli 

Probably everyone has some hunches on how one taste quality affects 
another, on hov sugar affects the taste of salt, on how acid affects the 
perception of bitterness, and the like* It is not uncommon to hear con- 
tradictory assertions on whether the effect is one of enhancement or one 
of maskingo Probably some of this disagreement is due to people's con¬ 
fusing changes in intensity of the individual taste qualities with the 
more ambiguous tastes created by the addition of one unitary taste stim¬ 
ulus to another» dims, it may be that a salt-and-sugar solution produces 
relatively unclear taste sensations even though the individual qualities, 
when observed with a more analytic set, have the same subjective intensi¬ 
ties as they would have in a pure salt or pure sugar solution» 

No systematic investigation of taste interactions at suprathreshold 
stimulus intensities has ever been reported» Anderson (1950) has pre¬ 
sented a critical review of the literature and the results of his own 
systematic study on interactions among stimuli at near-threshold concen¬ 
trations» Fabian and Blum (19^3) have summarized the early literature 
on taste interactions and reported their investigation of interactions 
between various sweet, salty, and sour substances; however, their em¬ 
phasis was on the effect of a subthreshold concentration of one substance 
upon the perceived intensity of a suprathreshold concentration of another» 
They concluded that a subthreshold concentration of salt (NaCl) increased 
the intensity of five different sugars and reduced the sourness of five 
organic acids and one inorganic,hydrochl ,^ic acid (HCi)» Each subthres¬ 
hold concentration of the five sugars, in turn, reduced saltiness of NaCl 
and the sourness of the six acids. All organic acids enhanced saltiness, 
although HCI appeared to have no effect; but the effect of acids upon 
sweetness seemed to be in part a function, of the specific acids and the 
specific sugars used» For example, the sweetness of fructose was reduced 
by lactic, tartaric, acetic, and malic acids; but HCI and citric acid 
had no effect» In contrast, citric, lactic, malic, and tartaric acids en¬ 
hanced the sweetness of sucrose, but HCI andacetic acid seemed to have no 
effect. 

More recently, Beebe-Center, Rogers, Atkinson, and O'Connell(1959) 
have reported on the interactions between suprathreshold concentrations 
of NaCl and sucrose., Their major conclusion was that some enhancement 
of sweetness by salt was evident in the case of weak solutions, but the 
principal effect was one of masking 
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For the purpoeee of the present study, we assunte the existence of 
four bule tute qualities — salt, «weet, «cur, and bitter — and that 
the appropriate stimulus for each is Na£l, sucrose, citric acid, and 
caffeine, respectively. The interaction® Investigated were those be- 

0f <lualitie®'' ^ ssch *uch P«.ir, a given stimulus vu 
studied both as to its effect on another and how it was affected by the 
other. Thus, mixtures of sucrose and NaCl were examined from two points 
or view: the effect of sucrose (secondary stimulus} upon the perceived 

+hÍe!ÍÍÍy+0VÍe,,wtÍne8* 0f NeC1 ^riaary stimulus); and conversely, 
the effect of NaCl (now the secondary stimulus) upon the perceived in¬ 
tensity of sweetnoB.? of sucrose (now the primary stimulus). In all 12 
sets of interactions are possible. 

Method 

Teste solutions. Two series cf each stimulus were prepared, a pri¬ 
mary ("effect on") ana a eecordary ("effect, Cf")o concentrations in 
the primary serie* were intended to cover the ruge of intensities from 
barely perceptible to almost extreme. The concentrations in the second- 
axy aeries were intended to result in perceived intensities from none 
to moderate, since it was thought that interaction effects would be most 

«Ü1ÎfdemOÛ8tÎTtef if the four concentrations of the secondary series 
o« 8enerally lower intensity than the primary. Selections of the 
specific concentrations within these ranges were based upon previous 
unpublished data. 

ooacentrations are shown in feble 1 and represent the number 
or grams of the solute per 100 ml. cf solution. 

concentrations of solutions used in study 
of interactions of taste qualities 3 

Taste quality 

Salt (NaCl) 

Bitter (caffeine) 

Sweet (sucrose) 

Sour (citric acid) 

Primary (effect on) | Secondary (effect of 
series raced for Intensity series added to solution) 

if, TaTT 
• 15 .45 i„4o 4.00 

.031 .076 

00 

•195 .500 ,00 

.50 1.80 5.80 20.0 .00 

.009 .032 .110 ,27k ,000 

~W- 
.13 .44 1.50 

.025 .48 ,09 

.45 l<90 8.00 

.007 .023 .0? 

«Posent weight of stimulus per 100 ml. of solution. Cc 
centrations of citric acid have been corrected for the one molecule of 
water of crystallisation. e or 
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!Hie weights for citric acid have been corrected for the one molecule 
of water of crystallization per citric acid molecule» It will be noted 
that, apart from the 0 percent concentrations of the secondary stimulus, 
the concentrations in both series are approximately logarithmically 
spaced. The sucrose and citric acid were Merck Reagent, the RaCl was 
Merck C.P., and the -caffeine was Pfizer U. S„ P. Charcoeú.-filtered 
distilled water was always used as the solvent. 

In each interaction experiment, the 16 solutions consisted of each 
concentration in a given primary series with each concentration in one 
of the three remaining secondary ones (Table 1 ) For example, in the 
experiment on the effect of citric acid upon the perceived intensity of 
bitterness, the primary stimulus series of caffeine (,031^, .076^, .195^, 
•5005t) is used in combination with the secondary series of citric acid 
(.005t, .0075t, .0235t, .07356), as showft in Table 2. 

Experimental design. Each interaction experiment was independently 
replicated, the interval between replications varying from one week to 
l6 months. The basic experimental design is given in Table 2, where the 
experiment on the effects of citric acid upon bitterness is shown, as an 
example. 

Table 2 

Experimental design example: Effects of citric acid upon 
_the perceived intensity of bitternessa_ 

Levels of secondary 
(effect of) stimulus: 

citric acid 

I 

II 

III 

IV 

.00# 

.GO?# 

• 02356 

.07356 

Levels of primary (effect on) 
stimulus: caffeine 

A 
.03156 
X 

0 

X 

0 

B 
.07656 
X 

0 

X 

0 

c 
.19556 
0 

X 

0 

X 

D 
.5OO56 
0 

X 

0 

X 

Solutions marked "X" were evaluated by half the subjects, and the 
solutions marked "0" were evaluated by the other half. 
Thus, the interaction of the "linear" component of caffeina and 
the "cubic" component of citric acid are confounded with Judge-group». 
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The levels of the primary stimulus, caffeine, and the secondary stimulus, 
citric acid, vere taken from Table 1. The 16 solutions were divided into 
two sets« Half the Judges £3} in each replication evaluated the solu¬ 
tions marked 0 in Table 2, while the other half evaluated the solu¬ 
tions marked "X1. " 

.. * the ä®81©1 i» a half-replicate in which the interaction 
of the linear component of the primary stimulus and the "cubic" compon¬ 
ent of the secondary is confounded with Judge-group, Quotation marks 
are used to indicate that these components are not linear or cubic in 
the quantitative sense, but rather involve comparisons between pairs of 
levels« Thus, the "linear" (component l) of caffeine, when used as the 
primary stimulus, means that the average perceived bitterness of the 
eight solutions in the first two caffeine levels is compared with the 
average of all eight solutions in the second two levels. Similarly, the 

?+bÍC,. f®omponent i:tI) of caffeine compares the average perceived inten¬ 
sity of the eight solutions in the first and third levels with the aver¬ 
age of the eight solutions in the second and fourth. The quadratic (com¬ 
ponent II) is a true quadratic and involves comparing'the middle two 
levels against the lowest and highest ones,' 

?nn ÍÔ£ ' were selected a pool of approximately 
(UO civilian and military,,, male and female,, employees who routinely 
participate in preference tests of foods though rarely in psychophysical 
investigations. Independent selections of 40 Os were made from the pool 
for each replication of each experiment. Departures from randomness 
occurred when some were absent or were otherwise not available on the 
days the tests were conducted, Because 960 persons were required (12 

4? X 2 rePlications) eM because replacement into the 
pool followed selection, some Os participated in more than one experi¬ 
ment or replication, 

Pgichopbysical method The single stlmxüus method was used with a 

SCale 0f lnteMlTy‘ Afrente intervals were aa- 
foUevlES descriptions of intensityr none, slight, 

moderate, strong, and extreme. The intervals were assied recessive 

tÜtiSlv frÍT 1 (~)tc 9 y extreme) and the ratings then treated quanti- 
! ^ Vere ln-tnicred t0 rate the intensity of the quality repre- 
^e^.by prlinary stimulus, ignoring other qualities that might be 

present. They were told not to swallow the samples ^ 

Fresh solutions were prepared for each replication session, A 
Vf ^^ly completed in one day although occasionally two con- 

secutive days were needed to test -he k0 Os, Each 0 sat in 
dosed testing booth. Six ml, samples in coded one-ounce glasses were 
presented one at a time through a turntable in a wail separating the 

servlD^ are* Afrer rating each sample, 0 rins2 his 
mouth ad libitum with charcoal-filtered distilled water,“ The time be- 

£ seconds ^ ^1°13 ^ preaentati0Q of the next was 



During the course of the experiments' the question arose as to 
whether these untrained and unscreened Os were aware of the character¬ 
istics of a sour or bitter substance and the distinctions between them. 
It was decided that on the second replication of each interaction ex¬ 
periment, 0 would receive a reference sample of the primary stimulus 
prior to rating the other eight and would be asked to note carefully 
its flavor without rating it. The reference sanóle was always a pure 
solution of the second highest concentration of the primary stimulus. 
In the analyses of variance, session was a source of variation although . 
it is a generic term to include session effects per se, whether or not 
a reference sample was served, actual differences among Judge groups, etc. 

A separate analysis of variance was performed for each taste inter¬ 
action experiment. The sources of variation and their corresponding 
degrees of freedom (df), mean squares, and levels of significance are 
summarized in Table 3» The one percent level was chosen as the criter¬ 
ion for significance. 

Except for those sources of variation which were confounded with 
Judge-group, the error term was judge-sclution interaction (within groups). 
Those sources, for which variation among judges (within groups) was the 
error term, were session, the interaction of component I of the second¬ 
ary stimulus and component. Ill of the primary, and the three-factor in¬ 
teraction of session x secondary-I x prlmary-III. 

As would be expected, component I of the primary was in each case 
significant, far beyond the ,001 levels. In 19 of 2k cases, components 

II and III were also highly significant. Inspection of the ratings (see 
Tables k through 7) shows that the major effects of increasing the pri¬ 
mary stimulus concentrations were true linear, although significant de¬ 
partures did occur.1 

Each mean was based upon 40 ratings, 20 in each of the two repli¬ 
cations, The mean ratings of each of the l6 solutions in each inter¬ 
action experiment are shown in Tables k through 7, and are plotted in 
Figure 1. Fitting the curves to the points was determined by the signif¬ 
icant sources of variation in the analyses of variance. The results 
and conclusions will be discussed separately for each interaction. 

1 If orthogonal polynomials are used on the mean ratings (Anderson and 
Bancroft, 1952), it is found that the true linear is greater than com¬ 
ponent I, with a corresponding decrease in the mean square for the true 
cubic. This effect is due to the fact that although component I is most 
ly linear, it does reflect some cubic; component III, in turn, contains 
some linear. The magnitude of the mean square for component II is math¬ 
ematically identical to the mean square for the quadratic obtained with 
the use of orthogonal polynomials. However, because of the half-repli¬ 
cate design of this experiment, use of orthogonal polynomials was not 
as appropriate as the orthogonal comparisoaused here. 
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I 

toure* of y*j. .ti« ° 

a*caad*ijr-l 

SecoDdmiy.II 

SecomUiy-m 

Piiueiy-I 

PrluKy-n 

Prtauy-in 

VtitÊrf~I X Socondaiy-I 

Prt»«y-II X Secondary-! 

Prlaaiy-m x Secondary-! 

frlaaiy-i » Secondary-!! 

Prlaary-I! x Secoodary-II 

Prfaaiy-III x Secondary-!! 

Priaary-I x Secondary-!!! 1 

Prlaary-II x Secondary-!!! 

Prtanry-III x Secondary-!!! 

Secondary-! x Seaslon 

Secondary-!! x Setelon 

Secondary-!!! x Seailon 

Prtaxry-I x Seaalon 

Prlanuy-II x Seaalon 

Prlaary-II! x Seaalon 

Triple Interaction* vlth aeaalcn: 

Prlaary-I x Secondary-! 

Prlaary-II x Secondary-! 

Prlaary-II! x Secondary-! 

Prlaary-I x Secondary-!! 

Prlaary-II x Secondary-!! 

¡«■»ly-III x Secondary-!! 

Prlaary-I x Secondary-!!! * 

Prlaary-II x Secondary-!!! 

Prlaary-II! x Secondary-!!! 

Seaalon * 

'Jude* (within group and aeaalon) 

judge X aolutlcn (within group 
and aeaalon) 

r- 

Effect* 

Caffeine 
on 

ealtlnaea 

J.75 

.26 

• 98 

3501.58** 

12.9li* 

583.31** 

3.75 

nhle J 

s—ry of Aialy.« of VarUnc.; Source, of v^utlona and M«an Sou^a 

of arooodary atlaulua on epMlfM Uat. ciaaity of prlaary .tiaulu. 

Caffeiaa Caffeine sacl 
oy on on 

•ueetneea aourneea bltterneaa 

11.« 

• 90 

• 90 

68.91** .»5 

2.26 3.15 

41.01»» 12.9h 

SeCl Sucroae Sucroae 
_on on hit- on aalt. 
•veetneaa aourneaa terneaa Ineea 

16.58* 

16.58* 

3.75 

2449.22** I735.8I*. I351.31*e 

8.79 III.39** 

24.41* 23.64» 

•56 19.25« 

4.22 

IO.5I 

11.« 

Sucroae Citric citric citric 
on acid on acid no acid on 

aourneaa bltterneaa ealtlnee* aweetneea 

42.« 

448.90 

.10 

2.76 22.13 

310.81** 238.88*» 

16.26 ib.io 

.04 5.62 

.08 

2.26 

4.56 

.« 

1.60 

1.22 

7.66 

3.31 

1.31 .22 

1.06 

1.41 

•13 .22 

I.50 

2.38 

.10 

2.26 

2.76 

•96 

2.« 

4.22 

.40 

2.« 
.04 

3.16 

1.50 

7.22 

2.« 

1.22 

.62 

1.91 

5.62 

3.60 

.00 

2.50 

2.14 

9.75 

16.58 

2.14 

.13 

19.95 

.56 

7.01 

• 19 

1.31 

4.73 

9-75 

• 35 

.98 

51.19** 266.51** 17.23** 16.26* 

14.10* 26.81* 4,06 2.76 

28.48» 169.13** 7.44 l76 

2186.70» 1798.95« 320.64« 2881.51« 1693.25« 957.95« 3137.33«2205.22« 

139.69» 34.69« 12.94 63.76« 15.31* 34.6,» 34.69» 49.51» 

427.39« 298.39w1584.45« 514.81« 349.58» 287.56« 467.51« 384.40« 

*•*» 79.10» .04 .00 12.94 39.50» 9.26 .62 

5.81 15.31 11.83 14.40* .19 .01 <56 

IO.76 

23.64* 

8.33 

5.81 

24.41 

2.38 

3.16 

.04 

7.88 

3.75 

.45 

.56 

.83 

22.88* 

3.16 

9.75 

•13 

2.89 

.10 

1.41 

7.88 

4.06 

2.38 

14.10 

.01 

.19 

• 31 

1.06 

4.38 

2.89 

11.29 

2.14 

1.70 

4.06 

I.50 

.56 

3.60 

1.60 

2.37 

3.75 

.06 

.22 

2.14 

10.25 

3.16 

6.60 

.40 

2.50 

2.89 

.45 

.06 

5.81 

.98 

6.60 

• 45 

15.94 

3.16 

14.40* 

.« 

19.60 

.76 

.00 

.08 

.13 

1.91 .13 

9.OS 

.« 

I.70 

3.45 

.35 

.04 

.06 

.62 

.45 

.04 

5.81 

.83 

• 45 

.04 

29.32» 

1.14 

1.81 

.16 

3.45 

2.63 

3.60 

.22 

.04 

.26 

41.51« 22.13« 13.81» 

1.50 .26 

9.26 1.81 2.14 4.06 2.89 

.10 

1.41 

.04 

.62 

.62 

.00 

.06 .40 

1.14 .40 

2.50 

7.22 

.« 

2.38 .00 

.62 

.90 

8.10 

.40 

1.14 

8.79 

3.« 

6.40 

4.61« 

1-39 

5.00« 

1.70 

15.62 

.« 

8.10 

10.00 

9.57« 

2.94 

.04 

1.91 

.96 

.56 

.26 

• 98 

2.89 

1.14 

2.14 

5.81 

9.63« 

3.68 

2.63 

3.16 

.45 

• 96 

.69 

I.31 

17.23 

4.39 

.69 

5.44 

.00 

.08 

2.38 

.00 

.22 

18.22* 

5.8I 

• 13 

2.14 

6.20 

• 83 

.6, 

3.31 

2.« 
•19 

1.14 

• 90 

• 76 

14.10 

7.88 

.04 .08 

.04 

1.50 

I.50 

2.89 

1.06 

3.10 

.19 

I.50 

2.38 

1.14 

I.50 

1.14 

1.81 

3.91 

.26 

.96 

.08 

1.31 

4.06 

.62 

3.« 

• 19 

7.44 

4.39 

2.63 

I.31 

2.14 

.00 

3.31 

• 83 

.01 

30.19« 

11.83 

2.50 

.01 

.13 

.00 

7.95» 10.94« 10.96« 

2.24 2.74 2.74 

1.96 

1.14- 

Error tax« in the £ «tatirtic 1« 

6.44* 

1.6, 
7.75» 

2.60 

6.89« 

2.79 

2.89 

.08 

26.00 

5.78« 

1.47 

12.66 

2.« 

.01 

10.00 

6.62« 

1.9e 

Each acure* of xarlatlon, except 

* P < .01 
**P < .Ml 

Judge (within group and aeaalon). In all other ccraparlaon . ^ ,., 
’ Judge x eolutlon (within group and aeaalon) la the error ten 

44. leet two, ha* 1 df. ih.,, are 76 df for Judge a. ,32 for Judge x rolutlon (both, within group a* ...*ion, 

k 
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SUCROSE 

i 

CITRIC acid 

%• four 4 n8 !°n0#atr‘tl0Di of th8 ■•oondary .tlmulu, Th« four ounrca In ««oh graph are for th« four level« of th® 
primary «tlaulu« who«« ta«t« quality 1« «hown on the ordinîte. 
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Effects of Caffeine (Table 4). 

a. Upon saltinelss.. No significant effects of caffeine upon 
saltiness were found. Regardless of the level of caffeine, saltiness 
was merely a function of the salt Itself. Ibère was only a slight 
suggestion that if the caffeine level was Increased even further, salti¬ 
ness might eventually he enhanced. 

h. Upon sweetness. No variables affected sweetness other 
than the sucrose concentrations themselves. However, caffeine-I was 
almost significant; the observed F was 6.50, compared to an F of 6.64 
required for significance at the .01 level. Only a suggestion of mask¬ 
ing by caffeine was present, the difference between the lower two and 
higher two caffeine concentrations being only .34 scale points. High¬ 
er levels of caffeine might demonstrate eventual masking of sweetness. 

c. Upon sourness. Components I and III of caffeine were 
each significant at the .001 level. Inspection of the mean intensity 
ratings reveals that the effect was one of enhancement, with no other 
significant sources of variation complicating the interpretation. 

Effects of NaCI (Table 5) 

a. Upon bitterness. No significant effects were found, 
other than those attributable to caffein. lhe curves were somewhat 
jagged and suggested a caffeine-I x salt-III interaction. However, 
the interaction of these two components was confounded with Judge-group, 
and hence the variation among Os was used as the appropriate error term. 
(Both judge-solution and between judge mean square were unusually high. 
3.68 and 9.63, respectively.) Despite the fact that the same types of 
curves emerged in the two replications and that there was a high mean 
square for the interaction, use of the large error term (between Judge 
rather than judge-solution) worked against obtaining a significant F. 
In view of the magnitude of mean square for this source of variation, 
a logical next step would be to replicate this entire experiment with 
a different set of confounding relationships, e g., primary-III x 
secondary-H. 

t>. Upon sweetness. Salt components I and II were significant 
at the .01 level. This is interpreted to mean that salt generally tends 
to mask sweetness, and there is some curvature in the effects. Hie 
interpretation is complicated by two interactions which were also signi¬ 
ficant at the .01 level. 

The first is the salt-I x sucrose-I interaction. For the lower 
sucrose concentrations, the various levels of salt had relatively 
little effect. Instead, the reduction of sweetness occurred primarily 
for solutions that were high in both salt and sucrose. 
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Table 4 

Effects of caffeine: mean ratings of mixtures 

Caffeine concentrations 

.00* 

NaCl concentrations 

.15* 1.62 

.45* 3.10 

1.40* 5-57 

4.00* 7.82 

Average 4» 57 

Sucrose concentrations 

•50* I.52 

I.70* 2.75 

5.80* 5.05 

20.0* 7.05 

Average 4.09 

Citric acid concentrations 

.01* 1.82 

.032* 3.85 

.097* 5.38 

.30* 6.90 

Average 4.49 

.025* .048* .093* 

Effect on saltiness 

1.45 I.55 1.45 

3.15 3.O8 3.25 

5.78 5.98 6.15 

8.08 80I5 8.38 

4.6I 4.69 4.8I 

Effect on sveetness 

1.38 1.38 1.42 

2.85 2.60 2.15 

5.08 4.65 4.78 

7.O8 7.OO 6.92 

4.10 3.91 3.82 

Effect on sourness 

2.38 2.98 3.75 

3.45 3.98 4.70 

6.02 5.80 6.38 

7.65 7-35 7.78 

4.88 5.03 5.65 

Average 

I.52 

3.14 

5.91 

8.11 

1.42 

2.59 

4.89 

7.01 

2.73 

4.00 

5.90 

7.42 
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Table 5 

Effect of NaCl: mean ratings of mixtures 

BaCl concentrations 

•00* .13* .44* .150* 

„ _ Effect on bitterness 
Caffeine concentrations - 

•031* 2.58 

•076* 4.02 

•195* 5-55 

•500* 7.4o 

Average 4.89 

Sucrose concentrations 

.50* 1.28 

I.70* 2.65 

5.8O* 4.45 

20.0* 7.52 

Average 3.98 

Citric acid concentrations 

•01* 2.00 

•032* 3.85 

•097* 5.88 

•300* 7,78 

Average 4.88 

2.35 3.55 2.80 

3.32 4.10 3.22 

5.28 4.82 5.78 

6.88 6.70 6.82 

4.46 4.79 4.66 

Effect on sveetness 

1.68 I.62 2.22 

2.60 2.18 2.I8 

5.05 5.00 3„35 

7.25 7.10 6.25 

4.14 3.98 3.50 

Effect on sourness 

I.78 3.50 3.52 

3.IO 3.72 3.72 

5.7O 4.58 6.20 

7.60 7.O8 7.22 

4.54 4.72 5.16 

Average 

2.82 

3.67 

5.36 

6.95 

I.70 

2.40 

4.46 

7.03 

2.70 

3.60 

5.59 

7.42 
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loiro».31 ^ iS the salt-11 x sucrose-I interaction. Again, for the 
Ti++í concentrationfir the various levels of salt had relatively 
littie differential effect on sweetness. The greatest effect was on the 

ïe£eï e8^tSr:Lenr+10Ûfi,ïy the hlgheet Salt conc^trations with a lesser effect by the lower salt concentrations. 

had iÏÏ ™+°f+theee+inter!Cti0nßi the very hi6hest concentration 
greatest sweetness-depressing effects at the higher sucrose con¬ 

centrations. Thus, while the over-all effect of salt upon sweetness wm 
one of masking, this did not occur or was not as pronounced for the low 

- -*> - - ^ 

occur, although the major effect was one of masking. Similarly Fabian 

sweetnessi^^ ^ ^ =on.enSaUon of 

mure research might well be devoted to more intensive study a+ 

cmtd l^n^T^10119 °f SUCr0Se conoeQtr^ions between^ per- 

co^i« XT'S nlT 
°ft^ had Sr- eff8ct ¿líe« 

'nMfl salt concentrations had lees effect than the middle ones 
(Ms result, however, should be viewed in light of the significance 

citk^Md T ' ^S?ecnv€^) of tvo interaction terns: salt-I x 
¿ÏlÂ wî'IJ X Cltrlc 8Cid scid-III. The latter may have 
arisen because component III has some linear The Ughest levelsof 

onilHcS f! of the lever concitm^L of 
trie acid, but reduced the sourness of the higher acid concentrations. 

From these two significant sources of variation from the fact +^+ 
th^ appeared in both seseloaa, fro. the ab,ea„ of «her slílnÕLÍ^ 

«tÏÏs “1 fM «onVra« 
ÄnLc's f iä ugh 
higher the acid concentrations the later these two siaceTannear . 1n 
erms of increasing salt concentrations. Inus 13 percent salt annear-d 

have red"«! the eoume« of the love« tvo acid coientSuo^, ^ ^ 

e “«'fased to M percent, enhancement toc!r.plice; M percent 
sa^t had a depressing effect cn the hlches+ «-wo levei« nr v ,p®rcen^ 
that, enhancement seemed to accur. acld- but bey°nd 
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No explanation of this non-monotonie function is apparent. Quanti¬ 
tative chemical analyses of the solution? failed to reveal errors in 
making than up, nor did examination of the ratios of the normality of 
the salt to the normality of the acid suggest a chemical explanation. 
What is needed is an extended range of salt, a mere detailed study of 
the points around the minimum sourness intensities at each citric acid 
concentration, and use of other acids as sour stimuli. 

Effects of Sucrose (Table 6) 

a° Upon bitterness Sucrose reduced the intensity of bittemess. 
Component I was significant at the cOOl level* while components II and III 
were signlficafat at the ,01 level. Although successively increasing su¬ 
crose concentrations consistently reduced bitterness, the highest concen¬ 
tration seemed to have a disproportionately large effect. 

Two solutions (A5# sucrose, ,076# caffeine: , 190% sucrose, .500Í 
caffeine) appeared to deviate somewhat from the downward trend. The 
significance (p<„001 ) of the primary-III x secondary-III x session inter¬ 
action largely reflects this devlancy and the fact that it occurred only 
for one session. Hence, its bearing on the major conclusion is negligible. 

The caffeine-I x session interaction was also significant (pc.OCl) 
and was due to the fact that Os in the first session did not use the upper 
categories of the rating scale as often as did the Os in the second session: 
thus, the range of their average ratings was lower This phenomenon, com¬ 
monly appearing during psychophysical tests., is not. considered important. 

Except for the two deviant solutions on one session, the effects of 
sucrose were fairly clear-cut -- sucrose reduced bitterness. 

. „ Upon saltiness Sucrose had no genera], enhancing or mask¬ 
ing effects on saltiness, a result in agreement with that reported by 
Seebe-Genter et al (I9591. Also in agreement was the indication that the 
relationship might be semewhar complex Thus, the interaction of salt-III 
with sucrose-III was significant (p<.0l)j and inspection of Table 6 sug¬ 
gests that this may be attributable to the highest sucrose concentration 
(and to a lesser extent, the next-to-lowest sucrose concentration) rather 
sharply reducing the saltiness of the highest and next-to-the-lowest 
salt concentrations,, Why this effect did not occur for the second highest 
salt concentration is not readily apparent 

... sait-II x sucrose-I interaction was also significant (p< .01). but 
this effect seemed to occur primarily for cue session. Because the triple 
interaction involving session was also significant (p<.001), not much im¬ 
portance is attributed to the significance of the simple interaction. 

Apart from the absence, of over-all enhancing or masking effects, the re¬ 
sets of this experiment, are not as definitive as those of the others. Fur¬ 
ther research should be devoted not only in replicating this one, but 
should also extend the sucrose concentrations to cerhapa 15 or 20 oeT-cent. 

10 



Table 6 

Effect of sucrose: mean ratings of mixtures 

Sucrose concentrations 

Caffeine concentrations 

.031* 

.076# 

• 195* 

.500$ 

Average 

.OO56 .45# 1.705t 

Effect on bitterness 

2„82 2.72 2.55 

3*72 4.6O 3.22 

6.12 5.75 5»20' 

7-48 7.22 7.36 

5.04 5.07 4.59 

6.005t 

I.90 

2.98 

4.38 

6.18 

3*86 

Effect on saltiness 

NaCl concentrations 

.105t 

• 355t 

1.205t 

4.00jt 

Average 

Citric acid concentrations 

.0095t 

.0325t 

.1105t 

.2745t 

Average 

I.32 I.50 I.80 

2.95 2.85 2.85 

5.20 5.45 4.8O 

7.65 7.30 8.05 

4.28 4.28 4.38 

Effect on sourness 

1.90 1.82 2.30 

3.35 3.22 3.30 

5»ö8 5.18 4.85 

7.30 6.90 6.10 

4.4i 4.28 4.14 

1.35 

1.98 

4.98 

7.12 

3.86 

1.38 

2.20 

4.08 

6.02 

3-42 

Average 

2.50 

3.63 

5.36 

7.O6 

1.49 

2.66 

5.11 

7.53 

I.85 

3.02 

4.80 

6.58 
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c. Upon sourness, All three components of sucrose were 
significant, component II at the ,01 level and the others at the »001 
level'. Sucrose reduced the intensity of sourness, a result in general 
agreement with that reported by Fabian and Blum (I943 ) and those cited 
by them. Hie sharpest drop in intensity occurred for the 6.00 percent 
sucrose concentrations, If the range of sucrose concentrations were 
extended, the masking effects would probably be even more pronounced. 

Effects of Citric Acid (Table 7) 

a. Upon bitterness. Citric acid very markedly enhanced 
bitterness, as is demonstrated by the significance of all three com¬ 
ponents, I and III at the ,001 level, component II at the .01 level. 
The steepest rise in bitterness was evident between the highest and 
next highest citric acid concentrations. The citeir. acid-I x caffeine- 
I interaction was also significant (p<.00l). The acid had a propor¬ 
tionately greater effect upon the lower concentrations of caffeine than 
on the higher concentrations. This effect may be partly at least due 
to restriction of the rating scale at the highest caffeine concentrations. 

The caffeine-I x session interaction waajfeignificant (p^oOOl)o On 
the second session, Os ’used a narrower range in evaluating the solutions; 
the difference between the two highest and two lowest caffeine concen¬ 
trations was less in the second session than, in the f irst, No special 
importance is attributed to this result. 

The conclusions from this experiment are probably so clear that 
further study would not be as fruitful as with several of the other in¬ 
teractions. 

b° Upon saltiness. Saltiness was generally enhanced by 
citric acid, as shown by the significance (p<t00J.) of the citric acid- 
1 component. Hie enhancemsit has not been shown to be dependent upon 
the level of salt. Hie absolute increase was not very marked, being 
only .32 scale points between the lowest two and highest two citric 
acid concentrations; but,, the error term is the lowest of all interaction 
experiments. 

Salt-I x session interaction was also significant at the .001 level. 
The Os in session two tended to restrict their range of ratings, this 
restriction being manifested more at the higher levels. As in the pre¬ 
vious interaction, this finding is not considered of any special importance. 

Extending the range of citric acid concentrations might reveal a 
drop-off in enhancement, particularly for the lower salt concentrations, 
and perhaps an eventual masking for the higher salt concentrations. 
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Table 7 

Effect of citric acid: mean ratings of mixtures 

Citric acid concentrations 

¿3 .OOjt .007$ .02# .073$ 

Caffeine concentrations 

.031* 

.076$ 

• 195$ 

.500$ 

Average 

Effect on bittemess 

2.40 2.50 3.68 

3.12 4.08 4.38 

4.50 5.38 5-20 

6.72 7.28 7.02 

4.18 4.8I 5-07 

5°35 

5-85 

6.78 

8.05 

6.51 

NaCl concentrations 

Effect on saltiness 

• 15$ 

.45$ 

l.4o$ 

4.00$ 

Average 

I.50 

2.98 

5.95 

7»90 

4.58 

1.65 

2.98 

5.72 

8.20 

4.64 

1.98 

3.20 

5.70 

8.12 

4.75 

2.62 

3.58 

6.22 

8.08 

5.12 

Effect on sweetness 

Sucrose concentrations 

.50$ I.52 

1.80$ 3*08 

5.80$ 4.70 

20.0$ 6,95 

Average 4.06 

I.50 

2.48 

5.OO 

7.02 

4.00 

2.12 2.20 

3.18 2.60 

4.70 5.58 

7.OO 7.42 

4.25 4.45 

Average 

3.48 

4.36 

5.46 

7.27 

1.94 

3.18 

5.90 

8.08 

1.84 

2.83 

4.99 

7.10 
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c. Upon sveetuesg Citric acid generally increased sweetness 
(p< .01). Diis major conclusion is in. agreement with that of Fabian and 
Blum (5), idio used only rear-threshold concentrations of citric acid. 
Ihe only other significant (p<^„0l) source of variation, primary-I x 
session, means that on the first session, Os rated the solutions contain¬ 
ing the weakest concentrations of sucrose higher than did the Os on the 
second decision. Thus, the range of ratings was more restricted on ses¬ 
sion one than on session two ., 

Extending the rang® of citrfi acid concentrations should aid in 
better defining the mathematical relationship between citric acid and per¬ 
ceived sweetness, particularly in determining whether the increase finally 
levels off and perhaps changes to a decrease. 

Discussion 

A general exploration of taste interactions has been presented. It 
was determined whether a secondary stimulus quality had an enhancing or 
depressing effect, both effects, or no effect on a primary stimulus. In 
most cases the results were clear-cu^ and the functional relationships be¬ 
tween the primary and secondary stimuli were either monotonie or non¬ 
existent. Where ambiguities or hints of a trend with different stimulus 
concentrations appeared, recommendations for follow-up research were in¬ 
dicated, Bb secondary stimulus had a uniformly enhancing or depressing 
effect on the remaining three primaries; nor was any primary uniformly 
enhanced or depressed by the other secondaries., Also, what happened at 
near-threshold stimulus concentrations was not necessarily predictive 
of suprathreshold phenomena. 

The design, method, and Öß used here were not typical of those used 
in most psychophysical research. One. Intrinsic disadvantage of the half- 
replicate design with specified confounding relationships is that no 0 
evaluates all solutions, so that the error terms for a few sources of- 
variation are larger than. in. a. full factorial design and so that irreg¬ 
ularities in curves can be attributed either to differences in the two 
groups or to "real" effects. Balanced against this weak: point is the 
efficiency of the design, and the single stimulus method (cf., matching 
method) in minimizing testing time of the Os and in avoiding loss of 
motivation through testing of ail »3lutioni at one sitting. It was not 
feasible to have the same Os return to a second session to complete the 
ratings of the eight samples, they did not test during the first. Never¬ 
theless, in view of suggestions of possible significance of the variable 
which was confounded with -group, a different confounding relation¬ 
ship might have proved to be more revealing. 

Training and using mere rigorous methods of selecting Os is 
probably not worth the effort . Instead., using a larger number of Os 
is likely to compensate for somewhat decreased precision. Although 
this point was not directly verified here, Kamen (1959) reporte a judge- 
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sample interaction of 1.33 in an experiment involving sweetness ratings 
by trained and experienced Os of solutions containing a mixture of two 
sweetening agents. This value can, be compared to the error terms of 
I.70, I.98, «"d 2.24 for sweetness intensity in this study where the 
task was much more complex. 

There were 33 sources of variation in each experiment, l6 of which 
involved session or replication; and in some cases, significance of one 
of these terms led to a mere conservative interpretation of other signif¬ 
icant sources. Mostly;, however, session effects were not important or 

had no major bearing on the conclusions. 

Generally, Os had little difficulty in performing the ratings. It 
was noted, though, that the most extreme category on the rating .scale 
was often avoided. Perhaps some Os were reluctant to use this category 
because, had even stronger' concentrations been presented, they would 
have no "room" for expressing their more intense sensations. The relative 
difficulty in rating -- the ambiguity of the sensations -- is partially 
reflected in the magnitude of the error terms. Saltiness seemed to be 
the easiest to evaluate, insofar as* Os tended to agree mere with each 
other on this quality than on the others. Sweetness was next lowest, 
but bitterness and sourness had errors of the order of twice that of 

saltiness. 

Application of response surface thee 17 (Bex, 1956) should enable 
systematic, efficient, exploration of more complex interactions, i.e., 
of three or all four stimulus qualities. Such studies should lead to 
tetter predictions of various blending procedures. A design similar to 
the one used here would be too laborious, to employ for complex inter¬ 
actions, but the present data should prove useful in selecting the optimum 
concentrations for exploring the relationships among mixtures of more 

than two stimuli. 

Simanary 

Twelve experiment.- were conducted to determine how each unitary 
taste quality is affected by each of the other taste qualities. Solutions 
containing stimuli, appropriate to both taste qualities were rated for^in- 
tensity of sweetness, saltiness, sourness, or bitterness by a group or 
judges. Each experiment vue independently replicated. In most cases, 
the effects were those of simple enhancement or masking, or no effect at 
all was found. Certain exceptions and complex relationships occurred, 
and recommendations for follow-up research were made , Various aspects 

of the method and design were discussed. 
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