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Effect of chewing speed on energy expenditure in healthy subjects
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Abstract
Objective. Theaimof the studywas to investigate theeffectof rateof chewingonenergyexpenditure inhumansubjects.Materials
andmethods.Fourteenhealthysubjects(aged18–24years)withinthenormal rangeofBMIparticipated inacross-overexperiment
consisting of two 6-min sessions of gum chewing, slow (~60 cycles/min) and fast (~120 cycles/min) chewing. The resting energy
expenditure (REE) and during gum chewing was measured using a ventilated hood connected to a gas analyzer system. The
normality ofdatawas exploredusing theShapiro-Wilk test.Theenergyexpenditure rateduringchewingand theenergyexpenditure
per chewing cycle were compared between the two chewing speeds using Wilcoxon signed ranks tests. Results. The energy
expenditure per chewing cycle during slow chewing (median 1.4, range 5.2 cal;mean2.1±1.6 cal) was significantly higher than that
during fast chewing (median 0.9, range 2.2 cal; mean 1.0±0.7 cal) (p < 0.005). However, the energy expenditure rate was not
significantly different between the two chewing speeds (p > 0.05).Conclusions.The results of this study suggest that chewing at a
slower speed could increase the energy expenditure per cycle and might affect the total daily energy expenditure.
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Introduction

Chewing is a daily practice often gone unnoticed. Not
until recently have researchers paid attention to the
benefit of chewing. Studies in mice and rats have con-
firmed the improvement ofmemory [1,2] when rats are
fedwithharddiets that require chewing. It has alsobeen
shown that rats fed with soft diet gain more weight
compared to those fedwith normal diet during a period
of26weeks [3].Suchweightdifferencewasproposed to
be related to the increased level of neuronal histamine
from the tuberomammillary nucleus (TMN) in the
hypothalamus as a result of chewing. The mechanism
is believed tobemediated through sensory pathways via
the mesencephalic nucleus of the trigeminal nerve [4].
Since the act of chewing generally involves forceful and
repetitive contraction of jaw closingmuscles, it is there-
forepossible that thelessweightgaininratscouldalsobe
the result of energy expenditure during chewing. In
humans, it has been shown that gum chewing for
12 min at 100 cycles/min can increase the body energy

expenditurerateby11±3kcal/horby19%aboveresting
stage [5].Theeffectof chewing speedon fatmetabolism
may be reflected by a questionnaire survey in Japanese
people which showed those who ate quickly had higher
energy intakeandbodymass index than thoseeatingat a
normal speed [6]. The study, however, did not state if
quick eaters were the ones with fast chewing speed or a
small number of chews.Habitual chewing frequency in
humans ranges between 76–108 cycles/min [7–9]. We
hypothesized that the chewing speed might affect the
energyexpenditureduringthepowerstrokeofachewing
cycle. It was the purpose of the present study to inves-
tigate the effect of chewing speed on the energy expen-
diture rate and the expenditure ‘per chewing cycle’.

Materials and methods

Subjects

The study was approved by the Ethical Committee for
Human Research at Khon Kaen University. Fourteen
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subjects (seven females and seven males, aged 18–
24 years) participated in the study. They were healthy,
had at least 28 natural teeth (excluding third molars)
anddidnot have anypain in themasticatory system.All
subjects gave informed consent before participation.

Procedure

This study is a cross-over design. Each subject ran-
domly underwent two gum-chewing sessions, slow
and fast chewing. On arrival of each visit, each subject
lay down on a firm, flat bed in a quiet, air conditioned
room (at 25�C). The subject was asked to rest for
30 min. Near the end of the resting period, the subject
was asked to lightly hold a piece of sugar-free chewing
gum (Trident, Cadbury Adams Thailand, Bangkok,
Thailand) between the upper and lower lips. A clear
plastic hood, connected to a gas analyzer system
(Vmax22, Sensor medic, the Netherlands), was
then placed over the head. The expired air during
the first 6 min was analyzed for the ‘resting’ energy
expenditure rate (REE, kcal/min). Thereafter, the
metronome was turned on for 1 min. After the met-
ronome had stopped, the subject was asked to chew
the gum for 6 min at the speed as close as possible to
the frequency of the metronome just heard (either
60 cycles/min for slow or 120 cycles/min for fast
chewing). The first chewing rate to be tested was
randomly chosen. Throughout the 6-min gum chew-
ing session, the expired air was again analyzed. The
subject was allowed to rest for 30 min before perform-
ing another session with the second chewing speed.
The number of chews was counted using a hand tally
counter.

Data analysis

The chewing rate was derived from the number of
chews during the 6-min chewing session. Both the
energy expenditure rate during chewing (the differ-
ence between the expenditure rate during the chewing
session and REE) and the energy expenditure ‘per
chewing cycle’ were compared between the two chew-
ing speeds. Since the data were not normally distrib-
uted (explored by Shapiro-Wilk test), all comparisons
were investigated using Wilcoxon signed ranks tests.
A significant difference was determined if p-Value is
less than 0.05.

Results

All subjects were healthy and had normal energy
balance according to their normal range of body
mass index (BMI). Their mean (SD) height, weight
and BMI of subjects were 169.2 (7.9) cm,59.6 (12.6)
kg and 20.6 (2.9) kg/m2, respectively. Subjects were
able to chew at speeds well close to the metronome
without any complaint of pain. The mean (SD)

chewing rate during slow chewing was 56.2 (3.9)
cycles/min and that during fast chewing was
114.1 (15.2) cycles/min. The median (range) REE
before the slow chewing session was 0.86 (0.49) kcal/
min, whereas that before the fast chewing session
was 0.87 (0.75) kcal/min without any significant
difference (p = 0.187) (Figure 1A). The median
energy expenditure rate was significantly increased
in both slow [0.08 (0.22) kcal/min] and fast chewing
[0.10 (0.29) kcal/min] (p = 0.001) without any
significant difference between the two chewing
speeds (p = 1.000; Figure 1B). On the contrary,
when the energy expenditure ‘per cycle’ was com-
pared, the median energy expenditure during slow
chewing [1.4 (5.2) cal/cycle; mean 2.1±1.6] was
significantly higher than that during fast chewing
[0.9 (2.2) cal/cycle; mean 1.0±0.7] (p = 0.004)
(Figure 1C).

Discussion

The present study has demonstrated the effect of
chewing speed on the energy expenditure in humans.
It was shown that chewing at ~60 cycles/min resulted
in greater energy expenditure ‘per cycle’ than at
~120 cycles/min. However, no significant difference
in the total expenditure rate was found, given the
same period of chewing time. The energy expenditure
per cycle tended to be proportionally inverse to the
speed of chewing; a mean value of ~2 cal was burnt
during slow chewing, whereas ~1 cal was burnt during
fast chewing. This suggested that chewing speed
might directly affect the motor aspect of a chewing
stroke, due to smaller vertical, lateral and antero-
posterior movements and a shorter occlusal phase
during fast than slow chewing [10,11]. This would
shorten the contraction time of jaw muscles and,
hence, reduce the energy expenditure. In addition,
the occlusal force during slow chewing is presumably
larger than that during fast chewing. This is indirectly
supported by the finding that chewing food at
40 cycles/min results in finer median particle size
than at 100 cycles/min [12].
The increase in energy expenditure during chewing

in this study is comparable to that found by a previous
study. Levine et al. [5] have shown an increase of 11 ±
3 kcal/h energy expenditure or by 19% above resting
stage during 12-min gum chewing at the speed of
100 cycles/min. An average increase of ~13% during
6-min gum chewing was found in the present study.
The actual energy expenditure during habitual chew-
ing is likely to differ from the above values since the
chewing frequency [9] and food texture during a real
meal are different from those during the experimental
gum chewing in this study.
Women took averages of 51 mouthfuls and

15 chews/mouthful during a pre-cooked chicken
and vegetables pieces meal [9]. If the previous data
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were used, it could be estimated that a person could
perform ~2300 chewing cycles by eating three meals
daily. The total calories burnt from chewing in a
person who chews at 60 cycles/min could reach
~4.6 kcal per day (based on the above value of
2 cal/cycle). The amount might seem insignificant,
but its cumulative effect should not be under-
estimated since chewing also occurs between meals
or during gum chewing. Taking all above into
account, the energy expenditure from chewing could
be summed up to ~150 kcal a month, which is
approximately equivalent to three 20-min sessions
of walking at 2 mph [13].
Fast eating behavior has been shown to be associ-

ated with overweight [6,14]. However, it is possible
that fast eaters are also fast chewers, those who chew
less, or those who consume more food during a meal,
all of which could contribute to the risk of the

overweight among these persons. Therefore, the effect
of chewing speed on body weight (if any) should be
interpreted with caution.

Conclusions

Under the conditions used in the present study, it is
concluded that chewing at a slower speed could
increase the energy expenditure per chewing cycle
and might affect the total daily energy expenditure.
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Figure 1. Box plots comparing (A) ‘resting’ energy expenditure rate (REE), (B) ‘increased’ energy expenditure rate, (C) energy expenditure
‘per chewing cycle’, during slow and fast gum chewing. * Significant difference, p < 0.005.
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