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Abstract

The purpose of this study was to analyze mastication and swallowing in the elderly and confirm the association with dys-
phagia characteristics. A questionnaire was developed to evaluate the masticating and swallowing functions of the elderly.
Mastication was analyzed using electromyography, and tongue/lip pressures were measured using Iowa Oral Performance
Instrument. The results of the questionnaire showed that statistical difference in the number of teeth between the group with-
out and with, decreased ability to swallow, and there was a correlation with lip pressure. Additionally, the higher number
of teeth, the higher muscle activity, and there is a positive correlation between the number of chews and the lip pressure.
Consequently, our findings suggested oral health parameters are closely associated with mastication/swallowing ability.
Finally, based on the results obtained for different foods tested, we suggested that texture-modified foods are necessary to

enhance swallowing ability.
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Introduction

Aging is a physiological process during which physical
functions gradually decline. The associated loss of muscle
mass, in particular, leads to a significant reduction in bodily

< Weon-Sun Shin
hime @hanyang.ac.kr

Hyun-Jung Lee
hjehht@hanyang.ac.kr
Young-Sook Park

elizpark @hanmail.net

Kui-Jeong Choi
paitilla@naver.com

Yoon-Ha Kim
yungha2 @naver.com

Yun-Hye Choi
cyhcyh3561 @naver.com

Eun-Bee Lee
sdu04039 @naver.com

Bo-Kyong Kang
rkdghrud326 @gmail.com

Department of Food and Nutrition, College of Human
Ecology, Hanyang University, 222 Wangsimni-ro,
Seongdong-gu, Seoul 04763, Korea

function. Such reduced muscle mass is often observed in the
oral cavity, along with the consequent deterioration of oral
motor abilities (Laguna et al., 2015). This is accompanied
by three major types of disorders—masticatory dysfunction,
dysphagia, and digestive disorders (Yoon and Lee, 2013).
The primary or four muscles of mastication in the oral
cavity are the masseter, temporalis, medial pterygoid, and
lateral pterygoid muscles. These muscles produce the move-
ments required for mastication, such as the opening and clos-
ing of the mouth and forward and backward jaw movements.
In addition, the main propulsion force for swallowing comes
from the tongue, which moves food inside the oral cavity to
an ideal position for mastication before pushing it into the
pharynx to prepare for swallowing (Machida, 2017).
Dysphagia occurs when the tongue and lip muscle
strength is reduced (Machida, 2017; Woo, 2020), and
according to previous studies, older adults may experience
dysphagia (Cho et al., 2015; Park, 2015). Furthermore, den-
tal status, which includes the number of natural teeth, total
number of teeth including prosthesis, and denture use, is
associated with the risk of dysphagia (Son et al., 2018).
Insufficient nutritional intake due to dysphagia is ulti-
mately associated with malnutrition and muscle loss. The
incidence of aging-related dysphagia has steadily increased,
causing older adults to struggle with obtaining adequate
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nutrients. This may lead to conditions such as malnutri-
tion and dehydration, which can consequently result in the
deterioration of physical health and, specifically, of the oral
cavity (Lim, 2009).

The elderly prefer food with familiar tastes and textures
and also desire to eat hard food. However, subjectively per-
ceived hardness differs from objective hardness levels (Park
et al., 2022); therefore, it is necessary to develop texture-
modified food that reflects different hardness levels. There-
fore, food with a modified texture is necessary for the elderly
who face difficulties in swallowing or chewing, which are
considered important factors in helping them obtain suffi-
cient nutrients to maintain health and improve their quality
of life (Peyron et al., 2017). Consequently, suitable food with
a modified texture needs to be developed as ingredients used
in Korean dishes are often hard, difficult to chew, and dif-
ficult to swallow. According to Shin et al. (2016), the elderly
found meat (28.3%) as the most challenging of all food items
to chew, followed by both seafood and vegetables, at 15.2%.
In case of seafood, they reported difficulty in chewing ingre-
dients with tough textures such as squid. Further, although
Korean herbs are the main source of vitamins, minerals,
and dietary fiber for the elderly (Iwasaki et al., 2014), they
reported that herbs were also difficult to chew.

Recently, senior-friendly food manufacturing companies in
Korea, including Ourhome, CJ Freshware, Foodmerce, Hyun-
dai Green Food, Samsung Welstory, Shinsegae, and others, are
in the process of developing and releasing various new prod-
ucts (Kim, 2017). Given this, there is a need for basic, analyti-
cal, and developmental research to facilitate the development
of age-friendly food and research on the quality characteristics
of currently commercially available senior-friendly food. How-
ever, research regarding the types of age-friendly foods, their
physical properties, nutrition, hygiene, etc., has not yet been
conducted in Korea or elsewhere (Jang, et al., 2021).

Accordingly, the purpose of this study was to analyze
oral processes such as mastication and swallowing, along
with oral muscle strength and tongue pressure; we also
confirmed the relationship of these factors with dysphagia
characteristics.

Materials and methods
Participants

Participants were encouraged to volunteer for the study
by attaching promotional material to the bulletin board of
the Seongdong Senior Welfare Center (Seoul, Korea) and
announcing the study in advance. The study targeted elderly
females aged 65 or older. Youmans and Stierwalt (2006)
found that there are gender differences in maximum tongue
strength during swallowing. Therefore to ensure consistency,
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our study only recruited female participants. The partici-
pants who showed abnormal mastication or severe dysfunc-
tion compared with that of the general population were
excluded from the study. In addition, individual health issues
that affected oral activities such as irregular teeth arrange-
ment, excessive cavities, and periodontal diseases were
also excluded. The study participants were recruited from
December 3, 2021 to December 17, 2021. Informed consent
was obtained from the participants, and ethics approval was
obtained from the Institutional Bioethics Committee of Han-
yang University (Approval number: HYUIRB-202112-009).

Test food

Three types of samples were purchased from the markets in
Seongdong-gu to assess the tongue [using Gajami mousse;
Easy Balance (Shinsegae Food, Co., Ltd, Seoul, Korea)],
gums [using Gajami; Peacock (Shinsegae Food, Co., Ltd,
Seoul, Korea)], and teeth [using Neobiani; Peacock (Shin-
segae Food, Co., Ltd, Seoul, Korea)]. Gajami, commonly
known as halibut or flatfish, is a fish from the family Pleu-
ronectidae. Therefore, Gajami mousse is a type of mousse
made from Gajami. Neobiani is a traditional Korean dish that
refers to thinly sliced, marinated, and grilled beef.

Instrumental texture measurement

The hardness of the food samples was analyzed using a tex-
ture analyzer (TA.XT plus, Stable Micro Systems, Surrey,
UK). For the Gajami mousse, a speed of 600 mm/min, a
trigger force of 0.02 N, and a strain of 66.7% were used with
a 20-mm cylinder probe, and the puncture test was carried
out at a speed of 100 mm/min using a 5-mm rod probe on
the Gajami and Neobiani samples.

Assessment of swallowing ability

In this study, a questionnaire was developed based on the
Korean Dysphagia Handicap Index and the dysphagia risk
screening system by J. Fukada, to assess mastication and swal-
lowing in the elderly, and the feasibility of the questionnaire
was reviewed by three rehabilitation medicine specialists. The
questionnaire consisted of 20 questions and assessed 3 groups
of factors—associated with chewing function, swallowing
function, and other factors (Table 1). Scores were allocated
on a scale of 0 to 3 with 3 points for “always,” 2 points for
“often,” 1 point for “sometimes,” and O point for “not at all.”

The following seven items were added according to the
recommendation of the rehabilitation medicine specialists
and professors specializing in dysphagia: “I need dentures
when I’'m eating”; “I often have food that spills out of my
mouth while chewing”; “I still have food in my mouth after

swallowing”; “I cannot chew large hard foods with my
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Table 1 General characteristics

. Mean SD
of the subjects
Age 74.30 5.72
Height 155.22 5.51
Weight 55.76 6.70
BMI 23.18 2.34

Number of teeth  20.27 2.34

BMI Body Mass Index, SD
Standard Deviation (o)

teeth”; “I cannot use my teeth to chew small hard foods™;
“Water or food comes out of my nose while eating”; “I have
a dull voice during or after eating”; and “Even when I try to
swallow, food gets stuck in my throat and will not pass.” The
total score range was 0 to 60 points; the higher the score, the
lower the swallowing ability.

Assessment of masticatory ability

Masticatory characteristics were studied according to the
textural—structural characteristics of the two types of food
that were sold at the Shinsegae Food Mall (Gajami and Neo-
biani) and one type of food developed by Shinsegae Food,
Easy Balance (Gajami mousse). The participants were eval-
uated using electromyography (EMG; LXM 5308, Daejeon
Laksa, Daejeon, Korea) while chewing the provided food
samples. The chewing time, the number of chews, and the
number of swallows were recorded from the time the par-
ticipants put the food in their mouths until it was swallowed.
They were analyzed by linking the chewing with the hard-
ness of the observed food. The participants were asked to
sit upright in a chair and eat the food samples for perform-
ing EMG to assess masticatory characteristics. After thor-
oughly cleaning the skin surface, a pair of surface electrodes
(T246H, Biopocket, Daejeon, Korea) were attached to the
skin on the left and right masseter, temporalis, and neck
muscles, and the electrodes of the 4-channel EMG device
were also attached to these muscles. For testing, the chew-
ing and swallowing factors of each participant were meas-
ured using EMG. The food samples were provided at room
temperature (22 °C); 3 g of Gajami mousse was given per
serving on a spoon, and 3 g of Gajami and Neobiani were
given per serving with chopsticks.

The participants then chewed and swallowed the food
comfortably. This was repeated three times per sample with
a 30 s rest between measurements to reduce fatigue. Talking
or spitting the food was forbidden, and by placing sensors on
their faces, the muscle activity during the opening and clos-
ing of their jaws was measured, thus capturing the chewing
patterns of the participant.

Assessment of tongue and lip strength
and endurance

In this study, the maximum pressure and average pressure
at the center of the tongue and lip pressures were meas-
ured using the Iowa Oral Performance Instrument (IOPI;
Tongue Pressure Strength-100; TPS-100; Cybermedic,
Iksan, Korea). The IOPI consists of a tongue bulb, a con-
necting tube, a data output terminal, and a pressure terminal
and can measure maximum and average values. The bulb,
connected to a flexible tube, has a volume of about 2.8 mL
and is filled with air (Clark and Solomon, 2012). When the
pressure that compresses the air in the bulb increases, the
pressure-sensing circuit of the IOPI senses the pressure, and
the maximum and average values of the tongue and lip pres-
sures can be obtained (Solomon et al., 2008; Youmans and
Stierwalt, 2006). The holding time, initial time, maximum
time, and fatigue were each measured three times. The study
participants sat in a chair with a backrest, with both feet on
the floor, hips flexed at 90°, and they were not resting on the
backrest. The examiner sat face to face with the participant
and placed the bulb between the center of the tongue and
the roof of the mouth and used the IOPI to measure the
tongue pressure three times. Each participant was given a
rest period of 30 s after each measurement. Further, the bulb
was fixed with a tongue depressor in the center of the lips,
and three measurements were taken with 30 s rest periods
(Abe et al. 2020). The resultant value was measured three
times for each test item, and the average value was analyzed.

Statistical analysis

Descriptive statistics such as frequency, percentages, and the
mean for all the variables were calculated using Statistical
Package for the Social Sciences (SPSS) version 26.0 (SPSS
Inc., Chicago, IL, USA). Significance was confirmed using
the t-test for differences between the dysphagia and normal
group, using the values of the number and state of teeth. In
addition, the scores obtained from the questionnaire about
swallowing and mastication and the results of the oral health
analysis were correlated.

Results and discussion

General characteristics of the participants

The general characteristics of the 37 women who partici-
pated in this study are described below. The mean age,

mean height, body weight, and body mass index (BMI) were
74.30+5.72 years, 155.22 +5.51 cm, 55.76 +6.70 kg, and
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23.18 +2.34, respectively. The mean BMI was within the
upper 30% of the range for females in their 70s, indicating
their overweight status.

According to the 7th Korea National Health and Nutri-
tion Examination Survey (2016-2018) (Hong et al., 2021),
the number of functional teeth >20 and <20 among women
aged 65 years or older (n=1741) were 52.6 and 47.4%,
respectively. In this study (n=37), number of functional
teeth >20 and <20was 67.6 and 32.4%, respectively. This
disparity is unsurprising due to differences in sample sizes
and surveyed areas.

Hardness of test food

According to the Korean Industrial Standards (KS H 4897)
(KS 2020), the food grades were categorized into three types
based on hardness— 1st grade: able to eat with teeth (more
than 50,000 to less than 500,000 N/mz), 2nd grade: able to
eat with gums (more than 20,000 to less than 50,000 N/mz),
and 3rd grade: able to eat with tongue (more than 1,500 to
less than 20,000 N/m?). Correspondingly, the samples were
categorized into three types:

Ist grade (Neobiani; Peacock [Shinsegae Food],
330,329.27 +18,382.62 N/mz), 2nd grade (Gajami; Pea-
cock [Shinsegae Food], 50,267.50 +4,706.79 N/mz), 3rd
grade (Gajami mousse; Easy Balance [Shinsegae Food],
3,228.72+132.48 N/m?)

Differences between the reduced swallowing ability
and the normal groups

A questionnaire assessing mastication and swallowing
ability in the elderly was given, and the participants were
divided into the following two groups according to the
mean scores (6.46 +5.67) of the questionnaire: participants
with reduced swallowing ability (RS; n= 16, mean scores
(2.30+1.96)) and those with normal swallowing ability
(NS; n=21, mean scores (12.07 +4.35)) (Table 2). The two
groups did not vary significantly with respect to age, height,
body weight, or BMI. However, the number of teeth was sig-
nificantly higher (p=0.004) in the NS group (22.05 +7.64)
than in the RS group (17.94+11.17). Additionally, the maxi-
mum and mean values determined by IOPI (lip or tongue)
revealed no significant difference.

A major cause of decreased chewing ability in healthy
older adults was tooth loss. Loss of teeth causes difficulty in
breaking down food, thereby affecting bolus formation. The
size of the food mass increases with the loss of teeth, and the
poorly broken food mass returns to the back of the mouth;
this leads to challenges in the oral transport and swallowing
phase (Furuta and Yamashita, 2013). In fact, 46.2% of the
elderly over the age of 65 in Korea reported that they felt
discomfort in their ability to chew (Jung et al., 2017), which
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Table 2 Differences between the group with reduced swallowing
ability and the normal group

Group N Mean SD )4

Number of teeth RS 16 1794 11.17 0.004*
NS 21 22.05 7.64
Max lip pressure (kPa) RS 16 209.93 119.14 0.658
NS 21 287.53 171.18
Average lip pressure (kPa) RS 16 131.67 73.29 0.799
NS 21 16431 71.27
Maximum tongue pressure RS 16 381.04 145.38 0.080
(kPa) NS 21 39249 95.81
Average tongue pressure RS 16 22227 13470 0.432
(kPa) NS 21 256.56 108.24

RS Reduced swallowing ability, NS Normal swallowing ability
*Significant difference (p <0.05)

was determined using the “standardized swallowing assess-
ment” and questionnaire, a screening test for swallowing
disorders. In a study that examined the presence or absence
of swallowing, 33.7% of the participants were found to have
swallowing problems (Yang et al., 2013). In this study, it
was confirmed that chewing became difficult due to the loss
of teeth, and thus, swallowing ability decreased. Since swal-
lowing problems can lead to malnutrition, dehydration, and
aspiration pneumonia—which can become chronic, oral
health conditions along with the overall health and qual-
ity of life of individuals are closely associated (Ronnefarth
et al., 2020).

Differences between the group with <10 teeth
and the group with = 11 teeth

Based on the significant variation in the number of teeth,
the participants were divided into two groups, participants
with ten or fewer teeth (G <10) and those with eleven or
more teeth (G>11), and the age of the two groups was ana-
lyzed. The result showed a significant difference (p=0.048)
between the two groups, with a mean age of 77.56 +6.27
years in the G <10 group and 73.25+5.22 years in the
G2>11 group (Table 3). The maximum and mean lip pres-
sure were 26.77+11.18 kPa and 16.43 +6.08 kPa, respec-
tively, in the G<10 group and 24.95+16.68 kPa and
14.57 +7.71 kPa, respectively, in the G>11 group. Maxi-
mum and mean tongue pressure were 39.52 +13.13 kPa and
26.43 +13.13 kPa, respectively, in the G< 10 group and
38.51+11.60 kPa and 23.45 4+ 11.76 kPa, respectively, in the
G > 11 group, indicating no significant difference between
the groups. Concerning mastication of Gajami mousse, no
significant difference was found in the right temporalis mus-
cle activity between the two groups (G <10, 22.48 +14.06
uV.sec; G>11, 16.96 +12.55 uV.s) However, a significant
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Table 3 Differences between Group N Mean sD P
the group with <10 teeth and
the group with > 11 teeth Age G<10 9 77.56 6.27 0.048*
G>11 28 73.25 5.22
Max lip pressure (kPa) G<10 9 267.70 111.83 0.763
G>11 28 249.56 166.82
Average lip pressure (kPa) G<10 9 164.33 60.31 0.512
G>11 28 145.65 77.06
Maximum tongue pressure (kPa) G<10 9 395.24 131.32 0.825
G>11 28 385.06 115.97
Average tongue pressure (kPa) G<10 9 264.31 131.16 0.524
G>11 28 234.48 117.61
Gajami mousse and G<10 9 22.48 14.05 0.271
activity of the right temporal muscle G>11 28 16.95 12.55
Gajami mousse and G<10 9 45.34 49.51 0.020%*
activity of the left temporal muscle G>11 28 19.21 16.99
Gajami mousse and <G<10 9 55.36 26.25 0.069
activity of the right neck muscle G>11 28 40.06 19.59
Gajami mousse and G<10 9 54.22 44.78 0.171
activity of the left G>11 28 38.89 21.65
neck muscle
Gajami and G<10 9 34.82 15.62 0.081
activity of the right temporal muscle G>11 28 2522 13.43
Gajami and G<10 9 38.59 20.02 0.605
activity of the left temporal muscle G>11 28 26.66 16.66
Gajami and G<10 9 65.51 30.15 0.047*
activity of the right neck muscle G>11 28 46.17 22.65
Gajami and G<10 9 66.76 38.16 0.440
activity of the left G>11 28 54.46 41.96

neck muscle

G < 10: Group with ten or fewer teeth; G > 11: Group with eleven or more teeth

*Significant difference (p <0.05)

difference (p=0.020) was observed in the left temporalis
muscle activity between the two groups for mastication of
Gajami (G<10,45.34+49.51 uV.sec; G>11, 19.21+16.99
pV.sec). In addition, a significant difference in muscle
activity on the right side of the neck (p=0.047) was found
between the groups upon mastication of Gajami mousse
(G<10, 66.61 +30.16 uV.sec; G>11 46.17+22.65 uV.s),
while no significant difference was seen on the left side of
the neck (G<10, 66.76+38.16 uV.sec; G>11 54.46 +41.96
uV.sec).

Several previous studies have shown that the mastica-
tory ability of the elderly is associated with the number of
residual teeth and functional tooth units (Ikebe et al., 2011;
Ueno et al., 2010; Hatch et al., 2011). Markovic et al. (1999)
showed that some individuals with dentures have signifi-
cantly reduced occlusal force and masticatory muscle activ-
ity compared to those with natural teeth and have difficulty
in chewing or breaking food to form a bolus due to irregular
mastication activities (Hara et al., 2019). Therefore, it was
confirmed that the number of teeth and muscle activity are

associated and the loss of teeth leads to a decrease in swal-
lowing ability.

Differences between the denture group and natural
teeth group

Table 4 presents the results of analyzing the differences
between the two groups when they were divided into a
denture group (DG; n=10) and natural teeth group (NTG;
n=27). The questionnaire score was 8.69 +5.23 in the
DG and 5.24 +5.64 in the NTG, with no significant dif-
ference between the two groups. The number of chews
upon mastication of Gajami was significantly higher in the
NTG (36.75 +25.98) group than in the DG (24.31 +12.28;
p=0.034).

According to a previous study, 48.1% of the elderly
reported using partial dentures and 22.6% full dentures (Lee
and Han, 2015). Thus, a total of 70.7% of 178 study partici-
pants used dentures. The high dependence on dentures in the
elderly is ultimately associated with difficulty in mastication.
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Table 4 Differences between the denture group and natural teeth
group

Question-
naire
score

Group N Mean SD P

Masticatory/ swallowing DG 10 8.69 5.23  0.196

ability questionnaire NTG 27 5.24 5.64
score

Gajami DG 10 10.90 4.06 0.085

mousse NTG 27 1532 9.12
chewing time

Gajami DG 10 8.85 6.39 0.853

mousse NTG 27 11.63 11.69
number of chews

Gajami DG 10 20.18 891 0.268
chewing time NTG 27 2886 15.88
Gajami DG 10 2431 1228 0.034*
number of chews NTG 27 3675 25.98
Neobiani DG 10 2513 531 0.325
chewing time NTG 27 3340 18.95
Neobiani DG 10 3400 882 0.644
number of chews NTG 27 4439 30.13

1

water remain-
0.063

Amount of
ing

—0.088
—0.121

1

Tongue pressure
Maximum  Mean
0.918%:*

-0.214

—0.105

1

0.493%*
0.489%*
0.018

-0.312

1

DG Denture group, NTG Natural teeth group
*Significant difference (p <0.05)

Lip pressure
Maximum  Mean
—0.160

— 0.346*

0.871%*
0.309
0.271

In a study based on the 2009 National Nutrition Survey by
Kim et al. 2012, it was reported that, of the three major nutri-
ents, carbohydrate intake was the highest and protein intake
was the lowest. In this study, we observed a significant dif-
ference in the number of times flounder was chewed between
DG and NTG; flounder, the main protein source for Koreans,
is a difficult ingredient for the elderly to chew. A previous
study (Lee and Han, 2015) reported that, for the elderly,
among the food items that were in high demand but insuf-
ficiently consumed due to difficulty in chewing or swallow-
ing, fish ranked first for men, followed by meat and vegeta-
bles. Likewise, women also had the highest demand for fish.
Therefore, the data suggest that the intake of fish decreased
due to tooth loss or the use of dentures.

Number of teeth
0.037

—0.042
—0.059
—0.083

0.015

—0.283

1

37)

BMI
—0.094
0.094
0.122
0.300
0.277
—-0.198
0.083

1

Weight
0.797%*
0.022
—0.033
0.005
0.338*
0.350*
—0.204
0.122

1

Height
—0.100

0.115
-0.211
—0.186

0.509%*
0.116
0.146
—0.098
0.102

1

-0.178
—0.036
—0.061
0.037

Correlation between the swallowability scores
among participants

—0.380*
-0.219

0.026
— 0.420%*

-0.178
0.185

Age
1

Table 5 presents the correlation between the questionnaire
scores of all the participants (n=37) and each variable; a
significant difference (p < 0.05) was observed for the maxi-
mum lip pressure. However, no significant difference was
observed among the other parameters. Generally, the mus-
cles in the lower part of the face, such as the cheeks, lips,
and tongue, are called the orofacial muscles. According to
Clark and Solomon (2012), these orofacial muscles, espe-
cially those of the cheeks and lips, are affected by oral con-
tainment; they are responsible for the manipulation of food
and provide sufficient strength for the functional movement

Maximum
Mean
Maximum
Mean

Table 5 Correlation between the swallowing ability scores of the participants (n

Amount of water remaining
*Significant difference (p <0.05)
**Significant difference (p < 0.01)

Age

Height

Weight

BMI

Number of teeth

Lip pressure

Tongue pressure
Questionnaire score
BMI Body Mass Index
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of the tongue (Clark and Solomon, 2012; Solomon et al.,
2008). Therefore, after swallowing food, participants with
decreased sensation and movement in the mouth and face
were likely to have food left in the tongue and mouth fur-
rows, and oral movement may be delayed due to the weaken-
ing of these muscles.

Correlation between the activation of muscles,
masticating time, and the mastication number

In Fig. 1c and d, mastication time and the number of
mastication for ingesting each of the three samples were
assessed. Furthermore, the correlation between mastication
time, the number of mastication, and muscle activity of
temporalis and masseter were analyzed when participants
(n=237) ingested each of the three samples. As shown in

(A)

dokok

*kk
| I
0

Sample

Masticatory
muscle

Gajami mousse Gajami W Neobiani

©

Hekk

25

Chewing
time

Sample

Gajami mousse Gajami W Neobiani

Fig.1 (A) Correlation between the three samples with respect to the
activation of the masticatory muscle; (B) Correlation between the
three samples with respect to the activation of the temporal muscle;

Temporal
muscle

Fig. 1, significant differences were found in the muscle
activity, mastication time, and the number of mastication of
the masseter muscle when the samples of Gajami mousse,
Gajami, and Neobiani were ingested. In Fig. 1a, the muscle
activity of the masseter muscle when the three samples
were ingested is shown. In Fig. 1b, the muscle activity of
the temporal during mastication of the three samples is
plotted; it was confirmed that there was no significant dif-
ference. Figure 1c and d show significant differences in
mastication time and number of chews when ingesting each
of the three samples. As reported in previous studies, the
hardness of food was detected during mastication, and it
was confirmed that it affected jaw muscle activity, mastica-
tory force, and mandibular movement (Mioche et al., 2004;
Van der Bilt, 2011). Therefore, it was also confirmed in
this study that food had a significant effect on the muscle

(B)

45

Sample

Gajami mousse Gajami W Neobiani

(D)

35

Number of
chews

Sample

Gajamimousse Gajami W Neobiani

(C) Correlation between the three samples with respect to the mas-
tication time; and (D) Correlation between the three samples with
respect to the number of chews. ***Significant difference (p <0.001)
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activity of the masseter, mastication time, and number of
chews required for swallowing ability.

Conclusion

Our findings suggested that oral health, determined based
on the number of teeth, lip pressure, and denture use, was
closely associated with the mastication and swallowing abil-
ity of the elderly. The results of this study demonstrated the
effects of aging of the oral muscles in the lips and the con-
sequent decline in muscle activity on masticatory functions.

To develop food suitable for consumption by elderly
individuals, it is necessary to understand the various oral
health characteristics and swallowing abilities of the elderly,
emphasizing the importance of developing texture-modified
food. However, this study was limited by region and gender.
In the future, further studies on differently textured foods
should be conducted based on the oral health and swallow-
ing ability of the elderly by recruiting a larger number of
participants of both sexes and covering a wider geographical
region, preferably involving multiple institutions.
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