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Clinical significance

This study confirms that the saliva secreted during
gummy jelly chewing has an influence on the mastica-
tory performance which was obtained by measuring
glucose extraction.

Abstract

Purpose: The purpose of this experiment was to
clarify whether the amount of saliva secreted during
the chewing gummy jelly affected the assessment of
masticatory performance.

Methods: Twenty healthy subjects were asked to
chew 2 g of gummy jelly for 10, 15, and 20 seconds and
the amounts of glucose extraction and saliva secretion
were measured. The changes in both glucose extrac-
tion and saliva from 10 to 20 seconds were investigat-
ed. Next, the amount of glucose extraction excluding
the effect of saliva (extraction B) was divided by the
amount of glucose extraction measured (extraction A),
and the results for the two chewing times were com-
pared.

Results: The amount of glucose extraction increased
proportionally as the chewing time progressed and the
change was significant. Although the amount of saliva
secretion increased as the chewing time progressed, the
change differed from the proportional change in glucose
extraction. The amount of saliva secretion was exten-
sive for the first 10 seconds and increased about 0.1 ml
every 5 seconds. The ratio of the extraction B to extrac-
tion A was between 1.03 and 1.05, and there was a sig-
nificant difference between each pair of chewing times.
Conclusion: From these results it was concluded that
the amount of saliva secretion increased during chew-
ing of gummy jelly and affected the assessment of
masticatory performance, and this effect was less than
5 % for chewing of up to 20 seconds.
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Introduction

Masticatory performance is an important in-
dicator in objectively evaluating masticatory
function. The sieve method,'® whereby a certain
quantity of test food is chewed for a certain num-
ber of times and then retrieved and measured
with sieves of various mesh sizes, 1s used as the
standard method of evaluating masticatory per-
formance. However, because of the drawbacks
of this method, such as being complicated and
time-consuming, other relatively simple methods
using silicone impression materials,*” bagged
almonds,® chewing gum,”” paraffin wax,"” and
gummy jelly'"'* have been tried in recent years.
Of these methods, measuring the glucose extrac-
tion from chewing gummy jelly has received a
great deal of attention for several reasons: it is
easy to use, it is hygienic, the shape and charac-
teristics of gummy jelly can be easily standard-
ized. There was a positive correlation between
the masticatory performance as measured by the
amount of glucose extraction and the masticatory
performance as measured by the sieve method."”
However, how the saliva secreted during gummy
jelly affects glucose concentration measured after
chewing was not known. Therefore, this experi-
ment analyzed the glucose extraction and saliva
secretion after chewing of gummy jelly in order
to clarify whether the amount of saliva secreted
during the chewing of gummy jelly affected the
assessment of masticatory performance.
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Table 1 Size, weight, hardness, and ingredients of the
gummy-jelly.

Size (mm) #10x10
Weight (g) 2
Hardness (kgf) 2.17
Ingredients Maltose 40%
Solbitol 10%
Glucose 5%
Gelatin 8%
Other 37%

Materials and methods

Subjects and test food

Twenty healthy subjects (10 males and 10 fe-
males) between 21 and 34 years of age (average,
27.4 years) were selected. The general nature of
the study was explained to the subjects and then
their informed consent was obtained. None of the
subjects had clinical abnormalities in the mas-
ticatory system. The following selection criteria
were applied: no complaints about occlusion, a
full complement of teeth excluding third molars,
no major dental restoration, and no orthodontic
treatment. The test food was one piece of cylin-
drical-shaped gummy jelly, 10 mm in diameter
and 10 mm in height, weighing 2 g. Gummy jelly
was prepared according to the ingredients listed
in Table 1.

Recording method

After chewing the gummy jelly on their habitual
chewing side for 10, 15, and 20 seconds, subjects
were asked to rinse out their mouths with 10 ml
distilled water and to spit into a cup with a filter,
and the filtrate was collected. The amount of glu-
cose extraction and the amount of saliva secre-
tion were measured. For the amount of glucose
extraction, the glucose concentration measured
using a portable blood glucose testing device was
calibrated by a correction equation ((measured
value+35.30)/1.199). 14 The amount of saliva se-
cretion was obtained by subtracting the weight of
distilled water and from the weight of the filtrate
and gummy jelly.

Method of analysis

The changes from 10 to 20 seconds were investi-
gated using repeated measures analysis of vari-
ance (ANOVA) for both glucose extraction and
saliva. Next, the amount of glucose extraction
excluding the effects of saliva (extraction B) was
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Fig. 1 The average value and standard deviation of the
amount of glucose extraction measured (extraction A) for 10,
15, and 20 seconds.

divided by the amount of glucose extraction mea-
sured (extraction A), and the results for the two
chewing times were compared. Extraction B was
calculated using the following formula: Extrac-
tion B=Extraction Axweight of filtrate/(weight
of filtrate—weight of saliva). A comparison was
performed using Bonferroni’s multiple compari-
son test. All of the data were analyzed with the
statistical software SPSS for Windows, version
10.0J (SPSS, Chicago, IL, USA). P values <0.05
were considered to be significant.

Results

The amounts of glucose extraction for 10, 15, and
20 seconds were 87.6 mg/dl, 125.2 mg/dl, 175.1
mg/dl respectively (Fig. 1), and increased pro-
portionally as the chewing time progressed; the
change was significant (F=247.0, P<0.01). The
amounts of saliva secretion for 10, 15, and 20 sec-
onds were 0.28 ml, 0.36 ml, 0.46 ml respectively
(Fig. 2), and the change was significant (F=23.4,
P<0.01). However the change differed from the
proportional change in glucose extraction. The
amount of saliva secretion was extensive for the
first 10 seconds and increased about 0.1 ml every
5 seconds. The ratio of the extraction B to extrac-
tion A for 10, 15, and 20 seconds was 1.03, 1.04,
and 1.05 respectively (Fig. 4), and there was a
significant difference between each pair of chew-
ing times (10s-15s: P=0.048, 15s-20s: P=0.004,
10s-20s: P<0.001).
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Fig.2 The average value and standard deviation of the
amount of saliva secretion for 10, 15, and 20 seconds.

Discussion

Tanaka et al" asked subjects to chew four types
of cylindrical-shaped gummy jelly varying in size
and weight on their habitual chewing side, and
they found that when the length and diameter
were 10 mm and the weight was 2 g the subjects
were able to chew unconsciously without any
stickiness or incompatibility and that this jelly
was the most suitable test food. In addition, oth-
er results confirmed that masticatory movement
was most stable when chewing gummy jelly con-
taining 8 % gelatin.'” Based on these reports, the
gummy jelly used by Tanaka et al" served as the
test food.

Although a spectrophotometer, which requires
only 20 to 25 minutes for recording and analysis,
had previously been used to measure the amount
of glucose extraction after chewing gummy jelly,"
it is costly, special agents are required for quan-
titative determination of color, and its use is
relatively troublesome. In contrast, the portable
blood glucose testing device used in this experi-
ment only requires the patient to rinse his/her
mouth out with 10 ml of distilled water and place
the test strip in the filtrate, and the glucose
concentration would be automatically displayed
after in 30 to 45 seconds. Additionally the por-
table blood glucose testing device was found to
measure the amount of glucose extraction after
chewing gummy jelly as accurately as a spectro-
photometer after corrections are made."* With
the increase in the number of diabetic patients
and the necessity to control the blood glucose lev-
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Fig.3 The average value and standard deviation of the
ratio of the extraction B to extraction A for 10, 15, and 20
seconds.

els in these patients, relatively inexpensive and
small, portable blood glucose testing devices have
become available in the market," using which
patients can easily measure their own blood
glucose levels. Therefore in this experiment a
portable blood glucose testing device was used to
measure the amount of glucose extraction from
chewing gummy jelly.

Tanaka et al" measured glucose extraction
after chewing gummy jelly for 5, 10, 15, and
20 seconds, and investigated the relationship
between the chewing time and the glucose ex-
traction. They found that the glucose extraction
increased in proportion to chewing time for up to
20 seconds. By measuring glucose extraction af-
ter chewing gummy jelly for 10, 20, and 30 times,
Kobayashi et al'® investigated the relationship
between the number of chewing strokes and the
glucose extraction and found that the glucose
extraction increased in proportion to chewing
time. The result of this experiment measured the
amount of glucose extraction after chewing gum-
my jelly for 10, 15, and 20 seconds showed that
the glucose extraction increased in proportion
to chewing time. Given that the cycle time dur-
ing chewing of gummy jelly is about 600 msec,"
chewing time can be surmised to be up to 20 sec-
onds even with a maximum of 30 times, as was
used by Kobayashi et al.'® Thus, the amount of
glucose extraction during chewing of gummy jelly
should be thought of as increasing proportional
to time with a chewing time of up to 20 seconds,
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1.e. increasing proportional to chewing work.

During chewing for 10, 15, and 20 seconds,
the amount of saliva secretion was respectively
0.28 ml, 0.36 ml, and 0.46 ml. While the amount
displays significant changes over time, it is, un-
like the proportional changes displayed by the
amount of glucose extraction, comparatively
extensive during chewing for 10 seconds and in-
creases afterwards in increments of about 0.1 ml
every b seconds. Assuming this trend continues
for up to 1 minute, the amount of saliva secre-
tion during chewing for 1 minute reaches about
1.2 ml, which is less than the 1.4-1.8 ml/min se-
creted during chewing of paraffin wax.”*' This is
probably because paraffin wax with no moisture
content requires more saliva during chewing
than gummy jelly with moisture content of about
40%. However, the reason for a relatively greater
amount of saliva secretion during chewing for 10
seconds than with other chewing times is thought
to be because, in addition to stimulation of oral
sensation due to chewing, gummy jelly provides
greater gustatory stimulus than other chewing
times. Regardless, the amount of saliva secretion
increased significantly as chewing of gummy jelly
progressed, and the effect of this amount was
about 3 % during chewing for 10 seconds, about 4
% during chewing for 15 seconds, and about 5 %
during chewing for 20 seconds. Therefore, atten-
tion must be paid to the small amount of glucose
extraction as is displayed because of the effects
of saliva.

Conclusion

In order to clarify whether the amount of saliva
secreted during chewing of gummy jelly affected
the assessment of masticatory performance, 20
healthy subjects were asked to chew gummy jelly
and the glucose extraction and saliva secretion
after chewing were analyzed. It was concluded
that the amount of saliva secretion increased
during the chewing of gummy jelly and affected
the assessment of masticatory performance, and
the effect was less than 5 % for chewing of up to
20 seconds.
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