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A Proposal for the Physicochemical Determination
of the Sweetness of Sugars to Man

Naotada KosamoTo*

One of significant problems in the field of sensory physiology would be
the establishment of a means for the quantitative expression of the responses
induced by a given intensity of a given mode of stimulus (4) . In human
gustation the number of basic qualities of sensations is limited to four;
sweetness, bitterness, sourness, and saltiness. Although the recognition of
an individual quality is relatively easy to be carried out, the quantitative
evaluation of a given mode of taste, in general, ‘requires much practictices,
For example, an examiner memorizes the strength of the sweet sensatition
of the standard solutions in the case of the evaluation of the sensation of
sugars, Then, it would taste a given sample and would identify an equivalent
concentration among the standard solutions, Since adaptation in taste sensa-
tioms occurs rapidly, the examiner would be required to taste the standard
solutions and the sample solutions alternatively to acquire a reliable evalua-
tion of the strength of the sweetness, The repetitive evaluation of the in-
tensity of the taste of a sample by this method may not necessarily bring
out an accuracy in the sweetness scoring: A larger error could result ffom
the variations in not only the skilfulness of the examiner but also its in-
trinsic sensitivity to the particular mode of the gustatory sensations; i. e,
* taste blindness “ |

In order to remove such a difficulty in the evaluation of taste inten-
sity, an instrumental determination of the strength of taste is argentlyde-
sired. Nevertheless, in man the test mentioned above is the major method of
the quantitative evaluation of tastes, available in an ordinary situstion, In
other animals, on the contrary, the instrumental determination of * taste
sensation # is the major method accompanied with behavioral responses, In
general , peripheral nervous responses and behavioral responses in other ani-
mals are considered as the sensations equivalent to the taste sensation of
man: The taste may be evaluated in various stages of the physiological and
behavioral responses of animals, including man,

The intensity and mode of taste expressed at various levels of the phys-
iological or behavioral responses may carry significant information as to the
elucidation of these biological responses related to taste sensation. Unfor-
tunaly, even with a great effort utilizing these levels of taste responses,
the structure—response relationship of the taste compounds has been left
in confusion quite often, even in determining the sequences in the order of
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effectiveness among the compounds with a similar mode of taste,

I now report an effective method of an instrumental evaluation of the
sweetness of sugars, The technique is extremely simple and may also be ex-
tended toward other modes of taste fruitfully,

The instrumental determination of the sweetness of chemical compounds
could be carried out by the evaluation of their physicochemical property only if
such a property of the compounds were known to be correlated to their sweetness,

The important charcteristics of sweetness inducing compounds may. be
summarized in the following three points (5) . The first point is that a hy-
drogen donor group and a hydrogen acceptor group must exist in a pair with-
in a single molecule, The second point is that the hydrogen donor and the
hydrogen acceptor must be located in a distance of 25—40 A. And the third
point is that the hydrogen bond forming groups should exist in cfs— confor-
mation ,

From the above information and the fact that the most of sweet com-
pounds can form molecular complexes, it is very reasonable to assume that
a proper selection of complex forming agents may be used for an evaluation
of the sweetness of the compounds if we assume that the strength of the
sweet sensation of a sugar is dependent on that of the bonds responsible
for the complex formation,

Although sugars cannot be isolated electrophoretically, at the presence
of boric acid they can be separated readily, since molecular complexes can
be formed between sugar molecules and boric acid., Electrophoretic mobilities
of the complex are dependent on pH of the solutions used: The mobilities
are greater at the higher values of pH(1). Therefore, the relationship be-
tween the electrophoretic mobilities of sugars and their sweetness was ex-
amined using the literature values of the electrophoretic mobility (1) at pH 7
and the sweetness determined by several workers (35) in human responses,
The selection of pH 7 was made due to the fact that at higher values in pH
sugar molecules may undergo cunformational modifications and the pH of the
saliva of man is known to be around 7. As a result, it became evident that
the higher electrophoretic mobility of the complexes gave the greater sweet-
ness of the sugars, The relationship can be expressed as the following equa-
tion :

log S=a log M+ b, 1)
where S is the sweetness of the sugars relative to sucrose, M their elec-
trophoretic mobilities expressed in ¢f Vesec x 105, a and b constants, 1.25
and (.76, respecively (with n=13, r=0775, and tr =407 >t.g1=311). This
can be related to the concentration (C) of the sugars since it is established
that the sweetness of sugars is related to the concentration of the sugars
as follows (5):

S=d-(C)05, 2)
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where S is the absolute sweetness of the sugars, d a constant, and C the
concentration of the sugars tested,

Our problem here is to express S with measurable parameters only,
First, let us formulate 2) in terms of the threshold concentration of sug-
ars, If we put the sweetness and concentration of a sugar as S° and C° re-
spectively, we have :

_ S°=d (C°)05, 3)
By rearrangement we get
d =8°,/(C°)05 | 4)
By a definition : . '
§°=C"/ C% e 5)

where C°gy,c is the threshold “concentration of sucrose. The substitution of
5) into 4) leads to the following equation :

d= (C°)08 ~ (C%ue) . 6)
Since S =8°, 7)
from 1) and 5) we obtain :

C°/C°guc = b M3, 8)
or by rearrangement we get

C°= Db C°gye M2 .. 9)
The substitution of 9) into 6) leads to :

d= (bM2/C°y)0%5 , 10)
Now, let us substitute 10) into 2) . Then, we get

S = (b CM23/C%yc)05. 11
Since C°suc ~ 001 M, we finally obtain :

S =10 (bM2 C)05 12)

Since a and b are the constants given in this article and M can be evaluat-
ed by the electrophoretic experiment, it becomes now poésible to determine
the sweetness of the sugars as a function of C, expressed in Moles per Li-
ter,

For the convenience of using the concept of sweetness, expressed in
12) it is advisable to adopt the unit of sweetness, If we assume the sweet-.
ness of sucrose at a concentration of 1 M as the unit of sweetness, then,

from 2) we have :

sM _gM _ 4 13)

suc suc suc
If we define 13) as | hedes, a Greek meaning sweetness,we- obtain the sweet-

ness of sugars in terms of hedes as follows :
M
S/S guc =10 (b M2 C)05 /dgue  14)

Using the constants evaluated in this article, 14) becomes :

M

cuc =87 (M25 )05 /d (ye  15)

$/S
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Now, at the first time, it became possible to express the sweetness
of sugars by knowing only the concentration of the compounds in addition to
their electrophoretic mobilities at the presence of boric acid at pH 7. By a
use of such a technique one can evaluate a * universal sweetness ¢ of a sug-
ar without being influenced by variations in the sensitivity of tasting indi -
viduals,

A direct consequence of the acceptance of such a relationship in the
quantitative expression of the sweetness of sugars would be a possibility in
relating the mode of the molecular interaction involved in the formation of
complexes between sugar and boric acid to the molecular mechanism of the
induction of the sweetness by the sugars, First, the strength of the com-
plex forming bonds is directly related to the strenght of the sweetness of
the sugars, It is not certain at this time whether the mobility of the sug-
ars in complexed forms under the effect of an electric field near the re=
ceptor membranes may have a certain significance in the induction of sweet
sensations or not, Nevertheless, the ability of forming a complex may be a
good means for the evaluation of the sweetness inducing forces, Sécondly,
the complex formation between the sugars and other complex forming agents
should decrease the sweetness of the sugars as long as the complex for-
mation is maintained : An effective concentration of the sugar molecules
that can induce the sweetness is decreased due to the complex formation,
Such a means may be used as the gustatory repellent against pests, since
the sugars are known to have a role of an arrestant factor for insects (2).
In applying 14) to animals other than man, it is quite possible that the con-
stants a and b can be different from the values reported in this work,

Furthermore, an application of the present technique to other modes of
taste would be fruitful in carrying out an instrumental evaluation of the in-
tensity of the taste and in achieving the deeper understanding of the mech-
anisms of the early processes of gustation in chemical terms,

This work was supported by a grant from the Japanese Ministry of Edu-
cation, ‘
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