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ABSTRACT

This study examined the effects of the textural properties and chemical components of foods on masseter activity pat-
terns. Ten healthy young participants (seven men and three women) were asked to chew four gummy candies with dif-
ferent flavors while their masseter activities were recorded by a surface electromyogram. The masseter activity patterns
during chewing were analyzed quantitatively using a Tp technique, generating three Tp values (T,s, Tso and T7s). The
textural analysis included four representative properties, and six sugars and four organic acids were tested in the
chemical analysis. The hierarchical cluster analysis classified the T,s and Ts values into four subclusters and classified
the Tso values into three subclusters. Two Ts subclusters differed significantly in the combined amounts of the two
predominant sugars (sucrose and maltose); however, these T;s subclusters did not differ in their organic acid contents or
textural properties. Therefore, sucrose and maltose affect masseter activity patterns during chewing, particularly in the

later stage of masseter activity.
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1. Introduction

Previous studies in rats and humans have examined the
effects of taste signals [1-3] and textural signals [3-5] on
masticatory and facial muscle activities by measuring
various physiological parameters. These studies used not
only parameters describing the entire chewing sequence,
such as the number of chews and chewing time, but also
parameters concerning the muscle activity of each chew,
such as the mean voltage and cycle duration of each
chewing burst. These studies revealed important findings
regarding the amplitude and duration of chewing muscle
behaviors in response to textural and taste signals from
the orofacial region.

As we reported previously [6], muscle activities pos-
sessing the same amplitude and duration can nevertheless
exhibit completely different patterns, e.g., one muscle
may exhibit an incrementing burst pattern of activity,
while another muscle exhibits a decrementing pattern.
Accordingly, muscle activity patterns must be assessed
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independently of amplitudinal and durational parameters
(see [6] for details). To permit this assessment, we de-
veloped the Tp technique to quantify activity patterns [7].
This technique calculates several Tp values that are inde-
pendent of amplitudinal and durational parameters [6].
The Tp values enable the comparison of two activity pat-
terns that differ in amplitude and duration, elevating the
activity pattern analysis from qualitative to quantitative.

The present study first applied the Tp technique to
masseter activity during the chewing of test foods, i.e.,
gummy candies, to examine whether textural and taste
signals affect masticatory muscle activity patterns. Few
studies have used specific parameters to quantitatively
assess activity patterns. The present study also applied a
cluster analysis to the masseter data to determine which
food properties affected the activity patterns, while sepa-
rate instrumental and chemical analyses determined the
textural and taste properties of the test foods, respec-
tively.
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2. Materials and Methods
2.1. Participants

Ten healthy young adults (seven men and three women,
average age of 20 years) participated in this study after
providing informed consent. The experiments were ap-
proved by the Ethics Committee of the Niigata Univer-
sity of Health and Welfare.

2.2. Test Foods

Four gummy candies (GC; Meiji Co., Ltd., Tokyo, Japan)
with different fruit flavors (apple, grape, orange, and pear)
served as the test foods. The candy shapes differed
slightly as the candies were produced to imitate the
original fruits (e.g., the orange-flavored GC was shaped
to resemble a small orange), but the dimensions of the
candies were similar. The approximate candy heights,
widths, and thicknesses were 9.5 mm, 23.6 mm, and 15.0
mm, respectively.

2.3. Textural Analysis

Four textural properties of the GCs, namely hardness,
cohesiveness, adhesiveness, and gumminess, were meas-
ured at approximately 25°C using a Texture Profile Unit
(TPU-2S, Yamaden Inc., Tokyo, Japan). A cylindrical
plunger (8 mm in diameter) was used to measure the
texture. Each candy sample was placed into a cylindrical
stainless steel container (50 mm in diameter and 15 mm
in height) that was then placed under the plunger of the
Texture Profile Unit. The sample was compressed twice
at a speed of 2.5 mm/s with a 2.0 mm clearance.

2.4. Chemical Analyses

The sugars and organic acids in the four GCs were ex-
tracted by cutting the GCs into pieces, adding a protease
solution, and then incubating the extracts at 25°C for 16
hours to dissolve the gelatin. To analyze the sugars,
ethanol was added to the extracts to a final concentration
of 80%, and the samples were centrifuged for 10 min at
7000 rpm. The resulting supernatants were filtered
through a 0.45-pm pore membrane filter (GE Healthcare,
Piscataway, NJ, USA), and the filtered extracts were in-
jected onto a high performance liquid chromatograph
system (HPLC; Shimadzu Co., Kyoto, Japan). A solution
of acetonitrile/20 mM monoethanolamine (75/25 v/v)
served as the mobile phase at a constant flow rate of 1.0
mL/min. The HPLC system was equipped with a refrac-
tive index detector (RID-10A, Shimadzu Co., Kyoto,
Japan) and an amino column (Asahipak NH2P-50 4E, 4.6
mm ID*250 mm, Showa Denko K. K., Tokyo, Japan) at
40°C. To analyze the organic acids, the extracts of GCs
were centrifuged and then filtered as described above.
The extracts were injected onto the HPLC that was con-
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nected to a post-column pH-buffered electroconductivity
detection system. Analytical separation was performed
using two ion exclusion columns (Shim-pack SCR-102H,
8.0 mm ID*300 mm, Shimadzu Co., Kyoto, Japan) at
40°C. A solution of 5 mM p-toluenesulfonic acid in dis-
tilled water served as the mobile phase (flow rates, 0.8
mL/min) with two reaction reagents, i.€., 5 mM p-tolue-
nesulfonic acid, 20 mM bis(2-hydroxyethyl)imino tris
(hydroxymethyl)methane and 100 mM disodium ethyl-
enediaminetetraacetic acid in distilled water. Detection
was conducted with a conductivity detector (CDD-10
Avp, Shimadzu Co., Kyoto, Japan).

2.5. Procedures

Three recordings were used to monitor the chewing be-
havior of each participant. First, a pair of adhesive elec-
trodes (Ambu Inc., Blue Sensor, Maryland, USA) was
attached to the skin just above the masseter muscle
(Mass) on the participant’s habitual working side to re-
cord a surface electromyogram (EMG). The Mass EMG
signals were amplified, filtered (bandwidth, 15 Hz - 3
kHz), fully rectified, and integrated (time constant, 0.06
s) using the PowerLab system (ADInstruments Pty Ltd.,
PowerLab/8sp, Bella Vista, Australia). Second, an accel-
erometer (Takei Scientific Instruments Co., Ltd., Tokyo,
Japan) was attached to the skin of the chin to monitor the
jaw movement associated with chewing. Finally, two
video cameras (Logic001®, Qcam Communicate STX,
Tokyo, Japan) were used to monitor the body, neck, and
head movements of each participant from the frontal and
lateral views. The collected data were stored and ana-
lyzed on the PowerLab system.

Each participant was seated on a chair in an electri-
cally shielded room kept at approximately 25°C. Each
participant was provided with the instructions regarding
the chewing tasks via a computer display that was placed
on a desk in front of him/her. The participant received
one of the four GCs (selected at random) and was asked
to chew it at a natural thythm. The participant was per-
mitted to chew on both sides of the mouth, despite the
fact that the EMG electrodes were attached to the habit-
ual working side. The participant was also asked to swal-
low whenever he/she felt that the food had been chewed
fully. After swallowing, the participant was allowed to
drink room temperature green tea (Ohi-ocha, Ito-en, To-
kyo, Japan). One experimental session consisted of up to
12 trials with one participant (one minute intervals be-
tween trials). A total of 108 trials with ten test foods
were conducted by the ten participants. Of these 108 tri-
als, 40 trials (10 participants x 4 GC) were selected for
further analysis. Five Mass EMG bursts recorded during
the initial five chewing cycles in each trial were then
analyzed. Thus, 200 Mass bursts (5 Mass bursts x 40
trials) were analyzed.
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2.6. Data Analysis

The start and end of each chewing cycle were determined
based on the Mass EMG data, and the cycle duration of
each of the initial five chews was measured. The deter-
mined parameters were confirmed based on the jaw
movement trajectory using the accelerometer and by
visual observations using the video camera monitors. The
Tp technique was then applied to the Mass EMG values
of the initial five cycles in each chewing sequence to
quantify the EMG activity patterns [8,9]. The Tp tech-
nique was performed as follows: 1) an EMG is calculated
as the cumulative total from the start to the end of the
burst; 2) the cumulative EMG is divided into four equal
sections; 3) the duration from the start to the end of the
burst is defined as 1.000 (normalized); 4) the four section
values are serially projected onto the normalized time
scale; and 5) the three projected values are designated as
the three Tp values. Thus, each Tp value designates the
relative location of the EMG on a normalized time scale.

Four parameters were analyzed in this study: the
number of chewing cycles, the chewing time, the peak
amplitude of the integrated Mass EMG, and the cycle
duration of the raw Mass EMG. The chewing cycle num-
ber was determined by counting the bursts in the Mass
EMG that occurred between the start and the end (i.e.,
just before swallowing) of each chewing sequence. The
chewing time was defined as the cycle duration from the
start to the end of each chewing sequence. The peak am-
plitude was defined as the highest value of the integrated
Mass EMG. The cycle duration of the raw Mass EMG
was defined as the interval from the start to the end of
each burst in the Mass EMG. The peak amplitude and the
cycle duration were measured for the first chewing cycle
only.

2.7. Statistical Analysis

2.7.1. General Statistical Analysis

One-way analysis of variance (ANOVA) with the factor
“test food” was used to detect significant differences in
the textural properties and chemical compositions of the
GCs. The ANOVA was followed by Tukey’s HSD test to
detect specific differences between food pairs. The non-
parametric Kruskal-Wallis (K-W) and subsequent Steel-
Dwass (S-D) tests were used to detect general differ-
ences between the GCs and specific differences be-
tween the food pairs, respectively, when homogeneity of
variances was rejected. P < 0.05 was considered to indi-
cate statistical significance.

2.7.2. Cluster Analysis

The three Tp values (T,s, Tso, and T+s) that were calcu-
lated from the 200 Mass bursts were arranged into a 200
(5 Mass bursts x 40 trials) matrix and subjected to hier-
archical cluster analysis using the “R” computer program
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[10]. Prior to cluster analysis, the 200 Tp values for each
GC were corrected for the estimates of two major effects,
namely “participants” and “chewing cycles”, by two-way
ANOVA using these two factors. This correction was
performed to clarify the clustering of the Tp values based
on GC. The standardized Euclidean distance and Ward
linkage methods were used for cluster amalgamation, and
the results were plotted as dendrograms. An amalgama-
tion level was set to permit further analysis (see the next
subsection), specifically, 12% of the largest distance of
each dendrogram (Figures 1-3).
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Figure 1. Dendrogram of T, values. The 200 T, values
were grouped into subclusters based on the similarity of
their masseter activity patterns. sC-1, -2, -3, and -4 indicate
subclusters-1, -2, -3, and -4, respectively. The horizontal
dotted line indicates the amalgamation level of the four
subclusters. The labels for each T,5 value at the base of the
dendrogram have been omitted for clarity.

S
-
Q]
o
©
Q
o o
c
©
bt
2
o < _|
o
o~ sC-1 sC-2 sC-3
° |
< T
=
Ty, values

Figure 2. Dendrogram of Tsy values. The 200 Tg, values
were grouped into subclusters based on the similarity of
their masseter activity patterns. Tsg values. sC-1, -2, and -3
are subclusters-1, -2, and -3, respectively. The horizontal
dotted line indicates the amalgamation level of the three
subclusters. The labels for each Tsg, value at the base of the
dendrogram have been omitted for clarity.
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2 2.7.3. Analysis of Variance
The three or four subclusters of individual Tp values
© ] were combined and then compared in terms of their food
properties (Tables 1-3) using a one-way ANOVA with
o © “subclusters” as a factor. Six sugars were evaluated in
e ° the GCs (Table 2), but only the average sums of the two
2 +_| main sugars (maltose and sucrose) were used for the
O ANOVA in this study. These two sugars accounted for
« two-thirds or more (67.1% to 79.9%) of the sugars in the
= sc-1 sc2 e GCs. In addition, the two main organic acids (citric acid
5 me,“ and malic acid) were selected from among the four or-
S ganic acids in the GCs (Table 3) for the ANOVA. These

Trs values two organic acids accounted for almost all (89.7% to

Figure 3. Dendrogram of T;s values. The 200 T values 98.5%) of the organic acids in the GCs. Two-factor
were grouped into subclusters based on the similarity of ANOVA (‘Food’ and ‘Participant’) were used to detect
their masseter activity patterns. sC-1, -2, -3, and -4 re- significant differences between the parameters for the six
present subclusters-1, -2, -3, and -4, respectively. The foods and the ten participants. The ANOVA was fol-
horizontal dotted line indicates the amalgamation level of , . X .
the four subclusters. The labels for each T value at the lowed by Tukey’s HSD test to detect specific differences

base of the dendrogram have been omitted for clarity. between food pairs but not between participant pairs. For

Table 1. Textural properties of used gummy candies.

Test foods Hardness Cohesiveness Adhesiveness Gumminess
Apple-taste GC 689.6 + 49.3° 0.698 + 0.063 3.14 + 1.06 486.7 +59.7
Grape-taste GC 942.6 +26.4° 0.751+0.010 0.18 £ 0.05° 707.5+19.8"
Orange-taste GC 7473 +26.6° 0.702 + 0.038 5.38+0.23f 521.8+19.8

Pear-taste GC 801.4+76.3 0.675 £ 0.072 2.20+0.97¢ 573.8+89.8

Values indicate means = S.E.M. Units of hardness and gumminess are “kPa”, and unit of adhesiveness is ‘kJ/m*’. The numbers of measurement repetition were
as follows: Apple-taste, 9; Grape-taste, 7, Orange-taste, 5; and Pear-taste, 8. GC: gummy candy. d vs. e and e vs. g, P <0.01;avs. b, b vs. ¢, e vs. f, and h vs. i,
P < 0.05. See the text for details.

Table 2. Sugars in the four test foods used.

Test foods Fructose Glucose Maltose Maltotriose Sorbitol Sucrose
Apple-taste GC 7.75 £ 0.09° 5.24+0.07° 22.3+0.24" 7.38 +0.05 0.33 +0.02™ 19.9 £ 0.20°
Grape-taste GC 6.01 +0.14° 5.82+0.21f 21.8+0.59' 6.05+0.03 - 23.3+0.54°
Orange-taste GC 3.49 £ 0.65° 4.02+0.77 21.0 £ 0.55' 5.94+0.14 - 31.6 £ 1.06¢

Pear-taste GC 7.22+0.07¢ 4.35+0.048 26.7+0.17 8.81+0.19' 242 +0.06" 14.5 + 0.09°

Values indicate means + S.E.M (n = 6). -: not detected. Unit of values is percent (%). GC: gummy candy. m vs.n, P <0.01;avs.b,avs.c,avs.d,bvs.d, cvs.
d,evs.f,evs. g, fvs.g,hvs.i,hvs.j,ivs.j,kvs.],ovs.p,0Vvs.q,0Vvs.1,pVs.q,pVvs.T,and q vs. r, P <0.05. See the text for details.

Table 3. Organic acids in the four test foods used.

Test foods Citric acid Malic acid Phosphoric acid Tartaric acid
Apple-taste GC 16.3 + 0.49° 20.6 = 0.30° 0.58 = 0.05' -
Grape-taste GC 26.5 +0.68° 12.1+£0.19° 1.23 £ 0.05° 321+0.11
Orange-taste GC 45.6+0.75° 10.8+0.21¢ 0.90 + 0.04* -

Pear-taste GC 17.0£0.39¢ 13.7+£0.24" 2.01+0.10' -

Values indicate means + S.E.M (n = 8). -: not detected. Unit of values is ‘mg’ per each. GC: gummy candy. a vs.b,avs.d,bvs.c,bvs.d,cvs.d, evs. f, evs.
g,evs.h fvs.g fvs.h,gvs. hyivs.jivs.k,ivs. l,jvs. k jvs.l,andk vs.1, P<0.01. See the text for details.
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the LRM analysis, the following linear model was as-
sumed:

y= 2ca +b+e,

where y is an observation of one of the parameters (such
as cycle duration or peak amplitude), a; (i = 1, 2, 3, 4)
represent the four regressive effects of the three textural
properties (“Hardness”, “Fracturability”, and “Adhesive-
ness”) and the “Height” of the foods, c; represents the
four regression coefficients for the four regressive effects,
b is a fixed-main effect (Participant), and € is a random
residual effect. Because “Cohesiveness™ is a ratio of the
positive force areas under the first and second compres-
sions [9], this textural parameter was not included in the
LRM analysis. The regression coefficients estimated in
the significant regressive effects were used to denote the
contributions in each parameter space. For example, if
the “Height” of the six test foods ranged from A to B mm,
and the regression coefficient of the “Height” on the
“Chewing number” parameter was estimated as C, the
contribution of the effect was denoted as “a (B — A) mm
increase in the height increased (or decreased if C was
negative) the chewing number by the amount of C x (B —
A)”. The significance level was set at P <0.05.

3. Results
3.1. Food Properties

Table 1 presents the averages of four textural properties
for each GC. Kruskal-Wallis tests found that the GC dif-
fered significantly in terms of their hardness, adhesive-
ness, and gumminess (Ps < 0.05), but not in terms of
their cohesiveness. The subsequent S-D tests also re-
vealed significant differences among all six food pairs in
terms of hardness, adhesiveness, or gumminess (Ps <
0.01 for two pairs and Ps < 0.05 for four pairs).

Table 2 summarizes the six sugars in the GC detected
by HPLC analysis, although two GC (the grape and or-
ange GCs) contained no sorbitol. Maltose and sucrose
were the predominant sugars in the GCs. Kruskal-Wallis
tests revealed that the amounts of all six sugars differed
among the four GCs or between two GCs (sorbitol, apple
and pear), i.e., fructose and sucrose, Ps < 0.001; maltose,
maltotriose, and sorbitol, Ps < 0.01; and glucose, P <
0.05. The subsequent S-D tests revealed significant dif-
ferences among the six possible GC pairs in terms of
their sugar levels (P < 0.01 for one food pair, and Ps <
0.05 for 18 food pairs).

Table 3 presents four organic acids detected in the
GCs, although the grape GC contained tartaric acid only.
The analysis showed that citric acid and malic acid were
the predominant organic acids in the GCs. A one-way
ANOVA revealed that the four GCs differed in terms of
their citric acid, malic acid, and phosphoric acid levels,
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but not tartaric acid (Ps < 0.001). Subsequent Tukey’s
HSD tests showed that all six possible food pairs differed
significantly in malic acid and phosphoric acid content
(Ps <0.01) and that five of the six pairs (with the excep-
tion of the pear and apple pair) differed significantly in
citric acid content (Ps <0.01).

3.2. Tp Values

3.2.1. Differences between Gummy Candies

Table 4 shows the averages of the three Tp values (Tps,
Tso, and T55) that were calculated from the Mass EMGs
recorded during the chewing of the four GCs. The aver-
age T,s and Ts, values of the grape GC exceeded those of
the apple and orange GCs, but by only 7.5% and 2.6%,
respectively. A one-way ANOVA did not detect signifi-
cant differences among the four foods in terms of the
average Tys and Tsy values. The apple GC had the highest
average T;s value, while the orange GC had the lowest
average T;s value. Although the difference between the
apple and orange GCs was only 5.8%, the ANOVA de-
tected a significant difference in the average T;5 values
of the four GCs (P < 0.005). Subsequent Tukey’s HSD
tests detected a specific significant difference between
the apple and orange GCs (P < 0.01).

3.2.2. Cluster Analysis
Figures 1-3 show dendrograms depicting the degrees of
similarity between 200 Mass bursts in terms of the Tps,
Tso, and Tys values. In these dendrograms, the Mass
bursts are divided into clusters, which are then divided
into subclusters. The distance between subclusters along
the abscissa indicates the degree of similarity between
the subclusters. The amalgamation level (12% of the
largest distance of each dendrogram) set in this study
produced three (sC-1 to sC-3 for the Ts, values in Figure
2) or four (sC-1 to sC-4 for the T,s and T;5 values in
Figures 1 and 3) major subclusters in the dendrograms.
For the three Tp values, each of the four subclusters
contained 25 to 72 T,s values (Figure 1), each of the
three subclusters contained 53 to 92 Ts, values (Figure
2), and each of the four subclusters contained 24 to 78
T;s values (Figure 3). Chi-square tests did not detect

Table 4. Averages of the three Tp values calculated.

Test foods T,s values Tso values Ts values
Apple-taste GC 0399+ 0.013  0.596+0.011 0.767 + 0.008"
Grape-taste GC 0429+ 0.014 0.600+0.011  0.740 = 0.008
Orange-taste GC ~ 0.420+0.011  0.585+0.009 0.725 + 0.008"

Pear-taste GC ~ 0.402+0.010 0.586+0.010 0.743 + 0.009

Values indicate means + S.E.M (n = 50). GC: gummy candy. a vs. b, P <
0.01. See the text for details.
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significant differences among the three/four Ts, Tso, and
T;5 subclusters in terms of the numbers of Tp values.

3.2.3. Differences in Food Properties between
Subclusters

A one-way ANOVA was used to analyze the differences
in the textural properties and sugar and organic acid con-
tents of the four T,s subclusters (Figure 1) and the three
Tso subclusters (Figure 2). The ANOVA did not reveal
any significant differences between the T,s and Tsy sub-
clusters with respect to any of these parameters. However,
an ANOVA of the Tys values (Figure 3) revealed sig-
nificant differences between sC-1 and sC-4 in terms of
their sugar levels (Figure 4). The T;s subclusters did not
differ in terms of their textural properties or organic acid
contents.

4. Discussion
4.1. Methodological Considerations

The present study used a hierarchical cluster analysis
method followed by an ANOVA to evaluate the textural
properties and chemical components of individual test
foods corresponding to the clustered data for the three Tp
values. These analyses were used because the same test
food item could not be consumed by the participants,
used for the textural measurements, and used for chemi-
cal analyses. Therefore, we needed to collect the textural
properties and chemical components of each test food
separately, calculate their averages individually, and
examine the correlations between Tp values and these
food properties. The hierarchical cluster analysis method
once fragmented Tp values according to their similarity
and then grouped three (Figure 2) and four subclusters

*

30 A

20 4

Combined sugars (%)

10 1

sC-1 sC-2 sC-3 sC-4

Subclusters by T,

Figure 4. Average amounts of sucrose + maltose in the four
T,5 subclusters. The values indicate the means + S.E.M. The
sucrose + maltose levels were calculated by adding the
average sucrose level of each gummy candy to the average
maltose level. sC-1, -2, -3, and -4 are subclusters-1, -2, -3,
and -4, respectively. P < 0.05.
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(Figures 1 and 3) when the amalgamation level was es-
tablished at 12% of the greatest distance in each dendro-
gram. As each Tp value in the subclusters was associated
with the specific textural properties and chemical com-
positions of each test food, ANOVA could be used to
compare the subclusters in terms of their textural proper-
ties and chemical compositions.

4.2. Parameters of Activity Patterns

Previous physiological studies in rats [2] and humans
[11-15] analyzed masseter activity during chewing of
various foods, including liquids, with different textures
and tastes. These studies assessed activity patterns indi-
rectly by visual observation or by parameters such as the
number of chews, chewing time, and mean voltage of the
masseter activity. However, none of these studies used
specific parameters for the assessments. As we reported
previously [6], the use of specific parameters, such as Tp
values, is essential for the precise assessment of muscle
activity patterns. For example, two muscle activities pos-
sessing the same amplitude and duration can show com-
pletely different (e.g., incrementing versus decrement-
ing) activity patterns. Even in this situation, Tp values
can reveal quantitative differences between muscle activ-
ity patterns (see Figure 2 and Table 2 in [6]). In the pre-
sent study, the average T;s value measured during the
chewing of the orange GC was smaller than that meas-
ured during the apple (Table 4), implying that chewing
the orange GC evokes an activity pattern that reaches the
peak of an integrated Mass EMG earlier than that evoked
by chewing the Apple GC.

4.3. Activity Pattern Changes and Sugars

The present study detected two major sugars, sucrose and
maltose (Table 2), and determined the average amounts
of these combined sugars that likely affected the differ-
entiation of the two masseter burst patterns assessed by
T;s values (Figure 4). The orange GC contained more
sucrose than the apple GC (Table 2); however, these two
test foods contained similar amounts of maltose, which is
much less sweet than sucrose [16]. The amount of su-
crose in the GCs is likely to be the major determinant for
masseter activity patterns. However, it is difficult to draw
a direct relationship between the amount of sucrose in the
GC and the masseter activity patterns. For instance, we
can consider the relationship by individually examining
the three following stages: 1) afferent signals, 2) central
processing at two levels, and 3) trigeminal motor outputs.
Previous studies at the brain stem level revealed the in-
tensity-response functions of sucrose (Nakamura et al.),
the projections of neurons from the nucleus of the tractus
solitarius to the oral motor nuclei (Travers et al.), and the
latency (approximately 50 ms, rats) from lingual stimula-
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tion with 0.5 M sucrose to the onset of masseter activity
[2]. To reveal the mechanism responsible for the changes
in masseter activity patterns evoked by sweet signals, we
need to accumulate more anatomical, physiological, and
behavioral findings.

4.4. Possible Neural Mechanism Responsible

Taste stimuli applied directly to the mouth through a tube
elicited various oromotor responses (lingual, facial, and
masticatory musculature movements) in both normal rats
[1] and decerebrated rats [17]. These studies suggest that
the neural substrates that elicit the oromotor responses
are located in the brainstem. The chorda tympani nerve
mainly conveys neural signals evoked by taste stimuli on
the tongue, while the rostral nucleus of the tractus soli-
tarius in the medulla oblongata receives the neural sig-
nals from the chorda tympani nerve. Histologically, the
neurons in the rostral nucleus of the tractus solitarius
project their axons to the hypoglossal, facial, and likely
trigeminal motor nuclei [18]. Physiological studies of the
motor control of chewing show that the neural circuits in
the reticular formation of the brainstem generate the ba-
sic masticatory pattern; these circuits are recognized as
the masticatory central pattern generator [19]. Precise
studies have provided evidence of the neural structures
that control the rhythmic activation of chewing by sen-
sory signals (including taste) from the orofacial region
(e.g., [20,21]. Although these investigations suggest that
the neural structures and mechanisms involved in these
phenomena are not simple, these studies and the present
study suggest that neural structures and mechanisms in
the brainstem elicit the oromotor responses [1,17] that
are responsible for the effect of taste signals on masseter
activity patterns during chewing and the motor systems
that regulate chewing [21].

5. Conclusion

In this study, we recorded the masseter activity of heal-
thy young adults during the chewing of four GCs with
different textures and tastes. We analyzed the recorded
data, specifically, three Tp values (Tps, Tsg, and T7s), to
examine which properties of the GCs could affect mas-
seter activity patterns. A hierarchical cluster analysis
yielded three to four subclusters of Tp values. We found
that the sugar (sucrose and maltose) contents of the GCs,
but not the textural properties or organic acid contents,
were responsible for the masseter activity patterns, as
classified by Tp value.
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