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INTRODUCTION

Obesity is an important public health problem and is associated with 

many serious health conditions, such as cardiovascular disease and met-

abolic syndrome [1,2]. For preventing the progression and onset of these 

problems, effective preventive methods are needed. Previous studies 

have reported the positive effects of masticatory movement using gum 

on physiological aspects. The tendency to suppress ghrelin with gum 

chewing indicates that mastication movement helps control food intake 

[3,4]. Additionally, gum-chewing stimulates the sympathetic nervous 

system and energy expenditure and increases heart rate [5-7].

The benefits of physiological factors through gum chewing could lead 

to increased exercise efficiency by enhancing energy expenditure [8,9]. 

Combining gum chewing and exercise increases energy expenditure 

more than exercise or gum chewing alone. These results suggest that ex-

ercise with masticatory movement using gum could be an effective treat-
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PURPOSE: Gum chewing stimulates the sympathetic nervous system and increases energy consumption. However, the effect of masti-
cation on physical activity remains unclear. This study aimed to investigate the effect of gum masticatory movement on physiological 
markers related to walking and muscle activation during cycling in different patient groups.

METHODS: Using a randomized crossover design, 25 participants participated in walking trials with a 1-week washout; the trials 
included chewing gum (GUM), taking a candy with the same ingredients as the gum (CAN), and no ingestion (CON). Energy expendi-
ture (EE), metabolic equivalent (MET), oxygen consumption (VO2), and heart rate were measured using a portable metabolic device. 
The walking distance was also calculated. In the cycling experiment, the other 19 participants randomly completed 7 minutes of the 
three trials (GUM, CAN, CON) with a 15-minute break. The mean cycling period (MCP), cycle number (CN), coefficient of variation of 
the cycling period (CV), and integrated electromyography (iEMG) results were measured using the Delsys Trigno™ Wireless EMG Sys-
tem.

RESULTS: The walking distance was significantly higher in the GUM group than in the CAN and CON groups by an average of 78 m 
(7.4%, p<.05). Comparing the GUM and CON groups, EE, METs, and VO2 demonstrated a partially significant increase after 15 min-
utes. In the cycling experiment, there were no significant differences in the effects of the trials on cycling performance (MCP, CN, CV). 
However, significant differences were observed in the GUM group for the iEMG results.

CONCLUSIONS: Our study results suggest that gum chewing improves physical performance, such as walking distance, and improves 
energy metabolism, such as EE and METs. Additionally, it can influence the improvement in the lower limb muscle activity during 
cycling.
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ment and supplementary method for managing obesity. 

However, the interaction between gum chewing and physical activity 

remains unclear. Existing studies that reported the positive effects of 

gum chewing during exercise to have some experimental limitations. 

Accordingly, our study was designed to determine the accurate effects of 

masticatory movement using gum on physiological markers related to 

walking exercise and muscle activation during the cycle.

Other studies have also indicated that voluntary clenching of the teeth 

can lead to increased excitability of the alpha motor neuron pool in 

muscles of both the upper and lower limbs [10-12]. In this study, we 

aimed to assess the effect of gum chewing on lower limb muscle activa-

tion during cycling and physiological factors during walking. 

METHODS 

This study completed two different types of tests with different groups 

(walking and cycling). Therefore, we explained each test separately.

1. Participants (Demographic data, table)

1) Walking test

Twenty-five healthy untrained participants (18 females and seven 

males) were included in the study, and the characteristics of the partici-

pants were as follows: age, 42.00 ± 6.33 years; height, 166.09 ±8.31 cm, 

weight, 65.22 ±16.85 kg (mean ± SD). Through pre-screening, those who 

exceeded the American College of Sports Medicine recommended exer-

cise regime thrice weekly or had jaw joint disorders, insomnia, or 

smoked were excluded. All participants were provided with oral and 

written information and provided written consent for participation.

2) Cycling test

Nineteen healthy untrained participants (13 females and six males) 

participated in this study. The physical characteristics of the participants 

were as follows: age, 43.00 ± 5.70 years; height, 166.76 ±7.53 cm, weight, 

66.47±10.82 kg (mean ± standard deviation, SD). The same exclusion 

criteria for the walking test were applied to the participants of the cycling 

test. They were asked to refrain from performing severe exercise before 

the testing day. All procedures were approved by the Institutional Re-

view Board of Seoul National University, Seoul, Korea (IRB No. 2003/ 

002-007). 

2. Study Design

1) Walking test

This study used a randomized crossover design. All participants ran-

domly followed the same protocol that 15 minutes walking trials with 

three different conditions (GUM, CON, and CAN) [1,13]. Participants 

were randomly assigned to take a walking test with candy, control, or 

gum. They were asked to visit to indoor track three times for walking 

tests with a 1-week washout between every visit. 

2) Cycling test

The participants of the cycling study also randomly completed 7 min-

ute of three trials (GUM, CON, CAN) with a 15-minute resting period. 

However, participants who performed cycling, completed it in a single 

day for maintaining the same location as the electromyography (EMG) 

sensors.

3. Procedures 

1) Walking test

Participants wore a portable wireless gas analyzer (COSMED K5, Ita-

ly) on the back, a heart rate monitor (Garmin, USA) on the chest, and a 

mask connected to the gas analyzer on the face while walking. Energy 

expenditure (EE), metabolic equivalent (MET), oxygen consumption 

(VO2), and heart rate (HR) were measured using a portable device. 

Walking distance was also calculated manually. Before the test, the mask 

was checked properly after the participant took some time to adjust the 

chewing gum with a mask. In the control trials, participants did not in-

gest anything while walking at their normal pace on a 243 m indoor 

track for 15 minutes. In gum trials, they began chewing three pellets of 

gum (5 g, 0.2 kcal) 30 seconds before the walking test was initiated and 

kept chewing gum while walking. In candy trials, they took a piece of 

candy (1 g, 0.2 kcal), with the same ingredients as gum, 30 seconds be-

fore the walking test was initiated and were asked not to chew it, but 

melt it. Gum and candy were prepared for use in the experiments by 

Lotte Confectionery Co., Ltd. Gum consists of xylitol; gum base (acesul-

fame potassium, sucralose); D-sorbitol; synthetic flavor (apple mint, ap-

ple, and menthol); Arabia gum; rienamel I (calcium phosphate, CPP, and 

funoran); mixed formulation (shellac, processed fat); emulsifier; carnau-

ba wax; and methyl hesperidin. Candy was composed of the same ingre-

dients, except for the gum base. Participants performed a total of three 

walking tests with a 1-week washout period simultaneously under con-

trolled environmental conditions, including temperature (18±1.1°C) and 
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humidity (42 ± 3.3%). Participants maintained a normal diet and activi-

ties of daily living, abstained from smoking, alcohol, extraneous exercise, 

and restricted caffeine for a minimum of 24 hours before the trial. 

Walking tests were performed individually, separately, on an indoor 

track of 243 m. 

2) Cycling test

The following three conditions were tested, as in the previous walking 

experiment: (1) cycling only (CON), (2) cycling while chewing three 

gums (GUM), and (3) cycling while taking the melting candy (CAN). 

Each participant was instructed to cycle for 7 minutes continuously at 

their preferred revolutions per minute on a cycle ergometer. A rest of 15 

minutes was allowed between trials. Cycling was performed using a cycle 

ergometer (Lode, Groningen, Netherlands). The cycle ergometer record-

ed the total cycling distance for 7 minutes. At the beginning of each ex-

periment, the height of the saddle was adjusted to match the height of 

the participant’s anterior superior iliac spine. The mechanical power was 

set at 60% of the weight of the participant for maintaining low-medium-

intensity aerobic exercise. The surface EMG electrodes (Delsys, Inc., 

Boston, MA, USA) were positioned on the tibialis anterior (TA; dorsi-

flexor of the ankle), Gastrocnemius medialis (GM; plantar flexor of the 

ankle), Vastus lateralis (VL; extensor of the knee), and Biceps femoris (BF; 

flexor of the knee) of both legs. The EMG signal was recorded using a 

data acquisition system (Delsys, Inc.) at a sampling rate of 2,000 Hz. The 

raw EMG signals were digitized at 1,000 Hz and amplified. The EMG 

signals were bandpass filtered (fourth-order Butterworth) at 10-200 Hz. 

Each participant’s cycling performance was acquired using a Delsys tri-

axial accelerometer. Cycling acceleration data were collected at 72 Hz us-

ing the Delsys Trigno system (Delsys, Inc.). All signal processing was 

performed using MATLAB (MathWorks, Inc., Natick, MA, USA). All 

data collected during the cycling tasks were divided into 14 sets, each of 

which was 30 seconds long. The first set was regarded as the adaptation 

period and excluded; the remaining 13 sets were used for analysis. The 

following cycling variables were calculated for each 30 seconds set for 

each participant.

①  Mean cycling period (MCP): For computing the cycling period, we 

extracted the maximum peaks of the acceleration AZ(vertical di-

rection) signals from the sensor attached to the left VL. The cycling 

period was calculated as the interval between two neighboring 

maximum peaks of AZ. The mean value of the cycling period in 

each 30 seconds set was obtained.

②  Cycle number (CN): The number of cycles was the number of 

maximum peaks of the acceleration AZ obtained from deriving the 

mean cycle time.

③  Coefficient of variation (CV) of the cycling period: The CV of the 

cycling period is the ratio of the standard deviation (SD) of the pe-

riod to the mean period. (CV [%]=100 × SD/mean)

④  Integrated electromyography (iEMG) data: The EMG data were 

processed using a root-mean-square with a 12 ms moving window. 

Then, iEMG was calculated during each period and divided by the 

average value of the control trial. The average ratio across each pe-

riod was then calculated.

Statistical Analysis

Data are presented as the mean ± standard error of the mean. The 

sample size was calculated using a power and sample size program that 

based on a power 0.80, significance p=.05, and the effect size of 0.75 a 

minimum sample size of 21 was estimated. One-way analysis of variance 

(ANOVA) was used to compare walking distance. For comparing METs 

per minute, EE per minute, and HR per minute between trials, two-way 

ANOVA was used. In addition, the METs and EE of 12 participants 

whose walking distance in a gum trial increased were non-normally dis-

tributed; therefore, they were analyzed using the Friedman test, a non-

parametric statistical test. Statistical significance was set at p< .05. The 

data were analyzed using SPSS 23.0 (SPSS Inc., USA).

In the cycling experiment, two-way repeated (trial × set [time]) ANO-

VA, with conditions and cycling performance data as main effects fol-

lowed by a Tukey’s test was applied to the acceleration data. For compar-

ing normalized iEMG data between trials, one-way ANOVA was used. 

Statistical significance was set at p< .05. The data were analyzed using 

SPSS (version 23.0; SPSS Inc., USA).

RESULTS

1.  Masticatory movement by gum upregulate walking 

performance

For determining whether gum chewing affects walking performance, 

we measured each participant’s walking distance for 15 minutes, with or 

without gum. There was a significant change in the walking distance 

(Fig. 1A). The total walking distance was higher in the GUM group than 

in the CON and CAN groups (p< .05). It was improved by 7.34% (78 m) 

and 6.74% (72 m) in the GUM group compared with those in the CON 
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and CAN groups, respectively. This indicates that chewing gum im-

proves walking performance.

2.  Effects of masticatory movement using gum for 15 

minutes on energy metabolism function index 

For determining the effects of gum chewing on energy metabolism by 

exercise duration, we analyzed METs and energy expenditure every min-

ute. There was a significant change in the METs and EE results (Fig. 1A, 

C). From 2 minutes to 12 minutes, the GUM group showed significantly 

higher METs than the CON group (p< .05). In addition, from 4 minutes 

to 14 minutes, the GUM group showed significantly higher EE than the 

CON group (p< .05). METs in GUM for 1 minute and 3 minutes were 

markedly increased by mastication compared with CAN. EE in GUM for 

1, 3, 4, 7, and 11 minutes was markedly increased by mastication com-

pared with CAN.

3.  METs and EE among participants who significantly 

increased total walking distance

As associations existed between total walking distance and physiologi-

cal factors, we next determined whether there was a direct effect of mas-

tication movement using gum among participants who resulted in in-

creased total walking distance. METs were significantly increased in the 

GUM group compared to those in the CON and CAN groups (p< .05). 

In addition, EE was significantly higher in the GUM group than in the 

CON group (p< .05) (Fig. 2A, B).

4.  Gum chewing effects on cycling performance (speed, 

mean cycling period, mean cycle number, CV)

For determining whether gum chewing affects cycling performance, 

we measured each participant’s cycling distance and average speed for 7 

minutes with three trials (conditions). There was no significant change 

in the speed results (Fig. 3A); the difference, if any, could not be identi-

fied by the coarse resolution of the bike erg, which was 100 m. Among 
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the three conditions, the GUM group showed the least cycling period; 

however, the difference was not statistically significant (Fig. 3B). Accord-

ingly, the GUM group also showed the highest cycling number; however, 

without statistical significance (Fig. 3C). The CV of the cycling period 

was an indicator of the pedaling rhythm constant. Referring to a previ-

ous study, constant rhythm provided positive feedback on maintaining 

stability during gait, reducing the incidence of muscular fatigue. Both 

GUM and CAN conditions showed a lower CV, however, without statis-

tical significance (Fig. 3D).

In summary, there were no statistically significant results.

 

5.  Gum chewing effects on the pattern of lower limb muscle 

activation during cycling (normalized iEMG)

In the GUM group, normalized iEMG values of the left leg showed 

statistically higher values in the four lower limb muscles than in the 

CAN and CON groups (p< .001). There was no significant difference in 

the normalized iEMG values between the CAN and CON group (Fig. 

4A). On the right leg, normalized iEMG values of the GUM group dem-
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onstrated statistically higher values in GM (p< .01) and BF (p< .001) 

muscles than those of the CON group. Normalized iEMG values of the 

GUM group showed statistically higher values in TA (p< .05) and BF 

(p< .001) muscles than those of the CAN group. There was no signifi-

cant difference in normalized iEMG values in VL muscle and four lower 

limb muscles between the CAN and CON groups similar to the left leg. 

(Fig. 4B) These suggest that chewing gum significantly helped activate 

all motor neuron pool of lower limb muscles during cycling.

DISCUSSION

This study was conducted to confirm the effectiveness of chewing 

gum. First, we hypothesized that chewing gum would improve physical 

performance, such as walking and cycling distance. Furthermore, to de-

termine the effects of mastication on physical performance, we com-

pared the gum chewing and candy groups. Second, we hypothesized 

that chewing gum would improve the energy metabolism index. We 

found that chewing gum improved both physical performance and en-

ergy metabolism index. Third, we hypothesized that chewing gum 

would influence the muscle activation lower limb during rhythmic ac-

tion, such as cycling. We observed that mastication movement could ef-

fect on the pattern of lower limb muscle activation through the signal of 

normalized iEMG.

As aforementioned, unlike previous studies, the addition of the candy 

group allowed us to identify the effects of mastication activity on physi-

cal performance during walking and cycling. Also, no other published 

articles were found concerning the effect of mastication on lower limb 

muscle activation.

The effects of chewing gum on physical performance and energy me-

tabolism index were consistent with those of a previous study in Japan 

[1,13]. Also, the rhythmical mastication could be influenced on an indi-

vidual’s gait [11]. However, the results of the candy group were in the 

middle of the control group and the gum-chewing group, and it seems 

that only the component of the gum can improve the physical perfor-

mance and energy metabolism index. The candy and gum were mainly 

composed of xylitol, and a previous study showed that xylitol can retain 

moisture; hence, this might prevent oral dehydration [14]. Additionally, 

xylitol could benefit microorganisms such as health-promoting bacteria, 

glucose levels, and blood lipids [14-16]. Therefore, these benefits of xylitol 

may affect physical performance and the energy metabolism index. 

We also observed that the energy expenditure level was upregulated 

by gum chewing. A previous study showed that gum chewing spends 

4-5 kcal/min of energy [9], and mastication affects the activation of the 

sympathetic nervous system [15]. The sympathetic nervous system is re-

lated to energy expenditure [5,6]; therefore, mastication can affect energy 

expenditure through the activation of the sympathetic nervous system. 

These results are consistent with the METs and other energy metabolism 

indices. Additionally, a previous study showed that the positive effects of 

mastication on EE were mostly associated with aerobic exercise.

We also analyzed the energy metabolism function index of patients 

with improved walking distance using chewing gum. Consequently, we 

found that those who had improved walking distance showed significant 

upregulation of the energy metabolism function index by gum chewing. 

This result indicates that gum mastication has a positive effect on our 
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body, which is consistent with previous studies [1-4,8,9,13].

In the cycling study, we analyzed the impact of gum chewing on cy-

cling performance. We found that there was no significant improve in 

cycling performance (speed, MCP, CN, and CV) when chewing gum. In 

this study, we asked the participants to cycle a bike ergometer, chewing 

gum at a preferred pace. A previous study showed that the rate at which 

a person chewed and the stepping rate has a strong driving influence, 

called the coupling of motor oscillators [11]. Thus, it seems that the re-

sults of the cycling performance varied slightly with some gum chewing 

pace. Therefore, further studies should be conducted at a consistent 

gum-chewing pace or under conditions of tracking the gum-chewing 

pace. However, irrespective of the gum-chewing pace, mastication itself 

showed a positive effect on the muscle activity of the lower limbs during 

cycling. We observed that gum chewing conditions showed significantly 

higher muscle activity of the lower limbs (especially in the BF and GM) 

than in the candy or control conditions. This is consistent with previous 

studies showing that mastication can lead to an increase in the neural 

drive and excitability of the alpha motor neuron pool for muscles of 

both the upper and lower limbs [5,11,12]. However, previous mastication-

related studies have been conducted simply in standing or standing bal-

ance or walking situations and showed only one lower limb muscle such 

as the tibialis anterior (TA) [5,11,17]. In this study, even in a more dy-

namic task, the same neural mechanisms for the increased excitation of 

the various lower extremities used for the task were demonstrated dur-

ing gum chewing.  

This study showed gum-chewing effects on various health-related 

function indices, but participants did not take same food before each 

walking test and these were limited to walking and cycling, which is a 

type of low-intensity exercise. Therefore, further studies should be per-

formed to analyze gum-chewing effects at various intensities of exercise. 

Gum-chewing effects during various intensities of exercise might clarify 

the effects of mastication on exercise performance and energy metabo-

lism.

In conclusion, our study results suggest that gum chewing improves 

physical performance such as walking distance, and also improves ener-

gy metabolism, such as energy expenditure and METs. Additionally, it 

can influence the improvement in lower limb muscle activity during cy-

cling. This study was limited to a small number of participants and a few 

measuring methods. However, based on these results, it is recommended 

that gum chewing while walking or cycling increases energy expendi-

ture and affects muscle activity and rhythm of cycling performance. 
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