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»

Sweet substances are noted for their dissimilarity in chemieal structure
and their marked differences in intensity. The problem of the sweetness
of various substances is ever present with the food seientist, especially so
when formulation of a product requires substitution of one sweetener for
another. The ratio of the sweetnesses of the two products must then be
determined. Information in this area is available but from sources using
different methods of measurement and different concentrations for com-
parison. There is definite evidence that the sweetness of one substance

_relative to another changes, depending on the eoncentration studied (2, 4).

The studies that have been reported have generally depended oun direct
comparison of the two stimuli, usually by some variation on the constant
stimulus differences techniques. However, many studies have shown that
people are quite capable of expressing their judgments of attributes or
qualities directly on the basis of an underlying subjective continuum. The
purpose of this study was to determine how effectively such an underly-
ing subjective continuum would be related to different concentrations of
sweeteners so that the subjective sweetness of various ecompounds and
hence their sweetness relative one to another eould be established.

EXPERIMENTAL

The psychophysieal method used was that of the single stimulus with a nine-
category single-ended rating schedule of intensity. The schedule started with no in-
fensity and hadl subsequent alternate intervals anchored by the terms slight amount
or intensity, moderate amount or intensily, strong amount or infensily and, finally,
exlreme amount or intensity.

Materials were the purest available: many were C.P. or 11.8.P.; other were specially
prepared by an organie chemist. Water for preparation of solutions and for meouth
ringing by the subjeets was Qistilled and percolated through charcoal to remove all
taste and odor. The subjects did not know what substances they were testing.

Subjects censisted of 15 employees of this Institute. They were given general
information on the nature of the study and their task in assigning each stimulus to a
point on the rating seale. They were asked not te smoke or eat for one-half hour
before a test and were instructed to rinse their mouths with water at the start of a
test session and after each stimulus solutiom, They were also told to take the whole
gample, which consisted of 6 ml, hold it in the mouth for 2 few seeconds, and then
expectorate.

Preliminary studies using two substances, sucrose and dextrose, in the same session
and with the concentrations approximately arithmetically spaced showed that: (a)

* This paper reports research undertaken at the Quartermaster Food and Container
Institute for the Armed Forces, and has been assigned number 671 in the series of
papers approved for publication, The views or conclusions contained in this report
are those of the authors. They are not to be consirued as mecessarily reflecting the
views or indorsement of the Department of Defense.
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MEASUREMENTS UF SWEETNESS

£ L:] L] -~
] 1 ] ]

SUBJECTIVE INTENSITY
Ll

Lo 20 40 70 100 200 400
20 40 70 100 200 400

CONCENTRATION %

Figure 1. Relation between concentration and subjective intemsity. Symbols are
actual mean values obtained. Broken lines indicate extrapolation beyond obtained values,
(Second line of values or abscissa refer to two compounds on the right of figure.)

mean rativgs of subjective iutensity plotted against concentrition yielded relatively
smooth curves; (b) the curves were such that logarithmic spacing should produce
nearly straight lines.

For the tests proper, solutions of each substanee were prepared in concentrations
that were a geometrie series with a factor of two; thus sucrose was 2, 4, 8, 16, and 329,
The concentrations were wt. by volume, ie., g. per 100 ml. of solution. The middle of
the series was a concentration that the experimenters judged to be approximately mod-
erately sweet. Exceptions were made for substanees that were not suafficiently soluble
to fit such a series. In these eases the solubility set the highest concentration but the
geometric series was maintained.

Each of 16 substances was measured at a different test session. AIl sessions were
held between 9 and 10 am. on Tuesdays and Thursdays. At a session, 10 subjects,
drawn as randomly as possible from the pool of 15, participated. Eaeh subject was
presented 10 stimuli, two of each of the 5 concentrations, in a random order with a
45-second interval between the time he returned the one-ounee medicine or ‘‘shot’?
glass and the presentation of the next,

The 9 categories of the ratirg scale were assigned successive integers from 1 to 9
8¢ that the subjective intensity responses could be expressed 25 numerical scores for
analysis. Mean intensity ratings based on 20 judgments for each concentration were
obtained, and a least-squares curve was fitted to the means, by applying the method
of orthogonal polynomials (6). The assumption was made that the relationship between
concentration and subjective intensity is not more complex than one that can be fitted
by a quadratie eurve, The curve equations were solved for the concentrations of a
compound eguivalent to mean ratings of intersity from 2 through 8. For ecomparisoas
among compounds the ratio of the concentration to suerose comeentration at each of
these intensitics was computed.
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RESULTS AND DISCUSSION

The least squares eurve and the actual mean intensities are plotted
against concentrations in Figures 1, 2, and 8. Certain general character-
isties are observable from these fizures. First of all, it is apparent that for
most substanees the obtained mean ratings do not deviate much from the
least squares line. Also, the lines are essentially straight with a slight
positive curve in most cases and a few negative curves. It is evident that
the log relationship for concentration is one which yields the closest to a
straight line function, suggesting that the scale categories are relatively
uniform in width. Note that there are 3 points for each concentration of
suerose (Fig. 3) since it was tested on three oceasions. Sinee it was to be
used as a standard, a more reliable measure was desirable. Examination of
the variation in these points reveals the high degree of reliablity of the
method employed. The line for suecrose was computed on the basis of the
combined data for the 3 tests.

Mean ratings for lactose and dulein, which could not be tested within
the same range of sweetness as suerose because of their lack of solubility,
indicate that the subjeets used-the scale in a manner appropriate to the
range of sweetness present. Thus, the method is not specific to substances
which cover the whole range of intensity. This evidence has been inter-
preted as supporting the validity of the method.

Figures 4 and 5 show the sweetness curves relative to sucrose for all
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Figure 2. Relation between concentration and subjective intensity. Symbols are
actual mean values obtained. Broken lines indicate extrapolation beyond obtained values.
{Second line of values on abscissa refer to three compounds on the right of figure.)
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Figure 3. Relation between concentration and subjective intensity. Symbols are
actual mean values obtaied. Broken lines indicate extrapolation beyond chtained valges,

the compounds, for intensities 2 through 8. It is immediately apparent
that at first relative sweetness deereases slightly and then inereases with
inereasing concentration. Exceptions to this tendency are levulose which
has a fairly constant relative sweetness and the ““artificial”” sweeteners of
entirely different chemieal structure, dulein, saccharin and ealeium cy-
clamate which all decrease in relative sweeiness with increasing concentra-
tion. The rationale for various types of relative sweetness curves is not
easy to develop. Why some substances should become less sweet relative
to sucrose as concentration ehanges while others become more sweet is per-
plexing. Certain hypotheses can be advanced to explain what may at least
contribute to this effect. One possibility is that differences in structure
produce differences in diffusion into the receptors. In the case of those
compounds which become relatively less sweet there is the possibility that
other qualities, especially bitter, may mask the sweetness. Subjective re-

“ports of bitter, particularly at the higher concentrations, give some sup-

port to this idea but these hypotheses do not explain the results for levulose
and sucrose vs. the other related compounds. Changes in relative sweet-
ness with concentration for a number of compounds have been studied by
Cameron (2) and Dahlberg and Penczek {4). Their results show the same
tendeney for many substances to beeome relatively more sweet with respect
to sucrose with increasing concentration. However, if glucose were chosen
as the standard then most of the natural compounds would exhibit a
straight line for the relative sweetness eurves and sucrose and levulose
would stand out as exceptions.

Figure 1 also reveals another interesting faet. Two forms of d dex-
trose were tested, « and «f. The of form is the equilibrium mixture

[4]
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Figure 4. Relative sweetness compared to sucrose at different subjective intemsities.
Broken lines indicate extrapolation beyond oblained values.

which forms upon standing. Cameron (3 } did some pilot work which in-
dicated that the o form is the sweeter. This result is borne out by our
results and ecan be seen in the divergence of the two dextrose curves. Note
that they merge at the higher intensities.

_ Table 1 gives the relative sweetness values for each substance at a mod-
erate level of sweetness (5 on the 9 category secale). This represents a sub-
jectively common point to compare the various compounds. Suerose at
this intensity is a 9.12% econcentration. The values for these compounds
found by other experimenters are also given. Whenever possible the value
was chosen which represents a comparison with a 10% sucrose solution.
In order to give an idea of the values obtained when comparisons are made
by determining absolute thresholds, several of this type are included.

Examination of Table 1 shows that the pattern of results obtained in
the present experiment is comparable to that obtained by other experi-
menters. The actual values are in many cases very close even though the
psychophysieal methods used were different. The order for other levels of
intensity are very much the same as can be observed by examination of

Figures 4 and 5. In most cases the curves do not cross each other.
[5]
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Figure 5. Relative sweetness compared te sucrose at different subjective intemsities.
Broken lines indicate extrapolation beyond obtained values.

TABLE 1
Sweetness relative to sucrose at moderate intensity (9.12% sucrose)
. Substance Schutz-Pilgrim Other investigators
SET i T:0 3 USRI 306.0 675 (7)*
Dulein...venes R 90.7 265 (7)*°
Ca. Cyelamate. ..o 33.8 -
T EVUIOEC e raseeurenresssrssersesersrrinsersormssssssnrans S 115 1.15 (4), 1.16 (2}, 1.75 (1)*
pL-Alanine..., . - 1.07 80 (10)
GIVCETOL . eceeeem ettt st bts s bes st besens 84 77 (2),1.08 (3)*
Maunnitol...... . .72 .62 (3)°
Glycine .65 .62 (10)
LIS D105 40 £ T SRRSOV .64
2, B-DeXET088 e e .61 .79 (4), .68 (2), .65 (8),
) 76 (9),.74 (1)°

Galactose... .59 67 {2),.32 (1)
D-Mannose....c.... - .59
[3150 15171 ) O OUROUROUSTUTURIRRUooN 51 54 (3)F
A0S, iiiriiserecrie e rsensarnns e asas s vaenes .46 47 (4),.32 (1Y
LiEOBC. vurerervarrerrerevomseeneseasererersaremranmnmronene .30 A8 (4), .38 (2),.16 (1)*

1 Compared with 109, sucrose unless otherwise moted.
2 Compared with 29, sucrosec.
3 Ratio of concenirations at absolute threshold,
+ 8-Lactose.
{61
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TABLE 2

Mean values for seven compounds in order of subjective intensity and significant
differences between compounds at 1% level of significance

Compound : Mean value 1
Levulosa 4.95
Sucrosge 4.92
Suerose 4.70

. Glycerol 4.58
Sucrose o [ 449 / p
a-Dextrose L 4.07
p-Mannose ) 3.86
Galactose 3.84
a,f-Dextrose 3.83

! The values contained within the same bracket are not significantly different from one another.

An analysis of variance was conducted for the 7 compounds which were
tested at the same concentrations. Only compounds studied at the same
concentrations could be analyzed in the variance model employed. Sinece
sucrose was tested three times a total of 9 sessions were analyzed. The
over-all analysis revealed that there were significant differences among
compounds (and levels of concentration, of course), but no significant
interaction, indicating that the slopes were essentially the same. In order
to determine which compounds contributed to the significance found in
the analysis of variance a Dunean multiple range test (5) was applied.
The results are shown in Table 2. The 3 sucroses do not differ significantly
from each other, and this fact can be interpreted as indicating the reliabil-
ity of the method although it is recognized that eompound is confounded
with session. However, if a sensitive test of the relative intensity of 2 com-
pounds is required, they should both be rated in the same session by the
same subjeets. In addition, the concentration-subjective intensity relation-
ship was tested for quadratic curvature. This curvature can be seen visu-
ally in Figures'l, 2, and 3. Glycerol, galactose, a-dextrose and e,8-dextrose
were significantly curved. If the values for these compounds are used as
a guide it can be estimated that of the compounds not included in the
analysts, sorbitol, mannitol, and pr-alanine also have significant curvature.

SUMMARY

Sixteen ecompounds were rated ou a subjective intensity scale for sweet-
ness at each of five concentrations. The method of single stimuli using
this subjective intensity seale yields results which are meaningful and
reliable and which are more easily obtained than the more traditional
methods such as paired comparisons. The relationship between subjective
sweetness and concentration was established. It is basically logarithmic.
The ratios of the coneentration of each of 15 of the compounds to the con-
centration of sucrose of the same subjective intensities were computed to
determine their relative sweetnesses. As subjective intensity or concentra-
tion increases relative sweetness varies in one of three patterns depending
on the compound.
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