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A 3-month mastication intervention
improves recognition memory
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Abstract.
BACKGROUND: Decreased mastication due to edentulism in both humans and animals have a negative impact on brain
function and cognition. Human populations have shown a close association between masticatory function, cognitive status
and age-related neurodegeneration in the elderly. Evidence shows that mastication during tasks may have an acute positive
impact on normal cognitive function, such as sustained attention. However, there is a lack of evidence showing the long-term
effects of changes in habitual masticatory behaviour on cognition.
OBJECTIVE: To investigate the impact of a 3-month mastication intervention on cognitive function in healthy older adults.
METHODS: 53 participants aged 45–70 years old were required to chew mint-flavoured sugar free chewing gum for 10
minutes, 3 times a day over 3 months. Pattern separation and recognition memory was measured using the Mnemonic
Similarity Task. Questionnaires were administered to measure changes in mood, anxiety, and sleep quality.
RESULTS: Extended periods of mastication gave rise to a significant improvement in recognition memory compared to a
non-chewing control group.
CONCLUSION: With an ageing population, non-medical interventions are imperative to delay age-related cognitive decline.
Further work needs to be carried out in larger populations to validate the findings in this study and elucidate potential
mechanisms.
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1. Introduction

It is now accepted that nutrition and diet can sig-
nificantly affect brain structure and function [1].
Nutrition and diet do not simply refer to nutri-
tional intake and dietary patterns but also to texture
and mastication. Over the past few decades a posi-
tive relationship between mastication and cognitive
ability has started to emerge in both elderly and
younger populations and it is thought that mas-
ticatory efficiency may influence cognitive health
during ageing [2, 3]. There is already significant
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evidence showing the acute effects of chewing. In
2002, Wilkinson et al. found the first indication
that chewing gum can improve episodic memory
and working memory via an unknown mechanism.
Since then, several studies have shown that chewing
may have a positive short term effect on sustained
attention [5–8]. The mechanisms behind this effect
also remain unclear [7–9]. Chewing gum during the
workday has been shown to be associated with self-
perceived higher productivity and alertness resulting
in enhanced work performance [10]. Furthermore, it
has been shown to be associated with lower self-
reported measures of perceived stress, a perception
of better work performance and a more positive
mood in university students and staff alike [11,
12]. Allen et al. (2014) have also demonstrated,
using electroencephalography, that central and sym-
pathetic nervous system activity associated with

ISSN 2451-9480/19/$35.00 © 2019 – IOS Press and the authors. All rights reserved
This article is published online with Open Access and distributed under the terms of the Creative Commons Attribution Non-Commercial License (CC BY-NC 4.0).

mailto:sandrine.1.thuret@kcl.ac.uk


34 C. Kim et al. / A 3-month mastication intervention improves recognition memory

vigilance is aroused by chewing gum in a time-limited
fashion.

Several factors can affect masticatory ability
including edentulism caused by poor dental health.
Recently there has been an increasing amount of evi-
dence showing a relationship between edentulism,
dental health and cognitive impairment, particularly
in elderly populations. The oral mixing ability, i.e. the
ability to mix food by masticating, of psychogeri-
atric nursing home residents is a positive indicator
of general cognition and verbal fluency [14]. Cogni-
tively healthy females can have triple the number of
present teeth than those with cognitive impairment
[15]. Episodic recall, episodic recognition, seman-
tic memory and processing speed are all positively
correlated with higher numbers of natural teeth [16].
While the consequences of reduced mastication on
cognitive ability appears to be better understood,
we asked if increasing mastication could have a
positive effect and give rise to chronic improve-
ments in cognition. To the best of our knowledge
there are currently no studies measuring the impact
of long-term mastication interventions specifically
on hippocampus-dependent memory in an ageing
human population. This study proposes to investigate
the chronic effects of mastication via chewing gum on
memory and mood measures in a human population.
We carried out a randomised controlled interven-
tion trial in which we tested participants’ cognitive
performance using the Mnemonic Similarity Task
and a series of questionnaires following 3 months of
mastication.

2. Materials and methods

2.1. Ethical standards

This study was approved by Aspire Institutional
Review Board (WRIG-2015-1201) and was per-
formed in adherence to the ethical standards laid
down by the Guidelines of the World Medical Associ-
ations’ Declaration of Helsinki in its revised edition
of 1996 and the Guidelines of Good Clinical Prac-
tice (CPMP/KCH/135/95). All subjects gave their full
informed consent prior to commencing the study.

2.2. Subject selection

Power analyses were performed using preliminary
data and the validated Power/Sample Size Calculator

(Canada) [17]. The results presented in this paper are
a secondary outcome of the chewing intervention.
The sample size was calculated in order to detect true
differences in neurogenesis-associated markers after
the intervention. A study group of 18 participants is
sufficient to detect with 90% probability true differ-
ences in the expression of neurogenesis-associated
cellular markers. The group was enlarged to 35 in
order to reach 100% probability of detecting true dif-
ferences between time-points. Therefore, we aimed to
collect between 18–35 individuals for each analysed
group.

Subjects were recruited from the community in
Chicago, Illinois. The main inclusion criteria were
male and female subjects; 45–70 years of age at the
time of consent; a body mass index between 18 and
35; and willing to exclusively chew the provided mint
flavoured sugar-free gum 3 times per day for 90 days.
Subjects were excluded if they habitually chewed
more than 3 sticks of gum per week including nicotine
replacement gum; pregnant and/or lactating women;
history of a mood disorder; history of a neurological
disorder that could produce cognitive deterioration;
history of dementia or mild cognitive impairment;
history of traumatic brain injury or stroke; uncon-
trolled hypertension; history or presence of cancer
in the prior 2 years; smoker; history of sleep disor-
der; recent history of alcohol abuse; the presence of a
known allergy or sensitivity to the study product. Any
subjects taking Donepezil, Galantamine, Rivastig-
mine, Tacrine, Bethanechol, Memantine or Selegiline
were also excluded. Subjects taking supplements
including Gingko Biloba, Ginseng, Choline, Taurine,
Lecithin and others were required to undergo a 2-
week washout period otherwise they were excluded.
Finally, subjects that had any exposure to a non-
registered drug product within 30 days prior to the
first clinical visit were also excluded.

2.3. Mastication intervention

The study was designed to investigate changes in
cognition in response to an increased mastication fre-
quency over 3 months in a population who do not
already habitually consume chewing gum. The sub-
jects were randomised into either a control group,
where there was no intervention during the interven-
tion period or a chewing group. Subjects allocated to
the chewing group were provided with a sugar-free
gum supply and were instructed to chew a single piece
of gum for 10 minutes, 3 times a day. The subjects
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were expected to chew one piece between 6am and
noon local time, between noon and 6pm local time
and between 6pm and midnight local time. As a mea-
sure of compliance, the subjects were provided with
monthly calendars to record their chewing. Further-
more, interim phone calls were made to all subjects
at day 30 ± 5 and day 60 ± 5 to enhance motivation
and reinforce study retention. Cognitive and mood
measurements were taken at 2 separate clinic visits
before and after the intervention.

2.4. Mnemonic similarity task

The mnemonic similarity task quantitatively mea-
sures pattern separation and recognition memory
performance in humans [18]. It consists of two sep-
arate phases using a series of colour photographs of
everyday objects on a white background. In the first
part, the encoding task, subjects were instructed to
indicate whether the image being shown to them was
associated with ‘indoors’ or ‘outdoors’ via a labelled
button press. They were shown 64 items in total for 2
seconds each with a 0.5 second interstimuli interval
(ISI). The second part, the memory task, was carried
out immediately afterwards. The subjects were shown
more images which they identified as ‘old’, ‘similar’
or ‘new’ via a labelled button press. They were shown
192 items in total for 2 seconds each with a 0.5 s ISI.
The set of images in the memory task were divided
into exact repetitions of images presented previously
(targets), new images not previously seen (foils) and
images similar to but not identical to those in the
encoding task (lures). To correct for any response bias
on a per-subject basis, Stark et al., (2015) suggest
using a lure discrimination index (LDI) and recog-
nition (REC) score [18]. The LDI is the difference
between the rates of ‘similar’ responses given to lure
items minus ‘similar’ responses given to foils, giv-
ing a measure of pattern separation performance. The
REC is the rate of ‘old’ responses given to repeat
items minus ‘old’ responses given to foils, giving a
measure of recognition memory performance.

2.5. Mood and sleep quality measurements

Questionnaires were completed using commer-
cial standardised computerised versions provided by
CNS Vital Signs (North Carolina, USA). No formal
practice sessions were administered to the subjects,
but they were provided with standardised, detailed
instructions on each task before testing. The Patient

Health Questionnaire (PHQ) SF-9 was administered
to measure mood, the Zung Self-Rating Anxiety
Scale (ZSAS) SF-20 for anxiety and the Pittsburgh
Sleep Quality Index (PSQI) SF-10 for sleep qual-
ity. The PHQ SF-9 is a 9-item depression module
from the full length questionnaire used clinically to
assess and diagnose major depressive disorder. As a
severity measure, the PHQ-9 score can range from
0 to 27, depending on answers that are given on
a 4-point scale from 0 to 3 [19]. The ZSAS was
designed to quantify a patient’s level of anxiety using
a 20-item self-report assessment based on scoring
in 4 groups of manifestations: cognitive, autonomic,
motor and central nervous system symptoms [20].
Each question is scored on a Likert scale of 1–4.
The PSQI assesses sleep quality over a 1-month
period. Subjects are asked to answer 19 items gen-
erating 7 “component scores” relating to subjective
sleep quality, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbances, use of sleeping
medication and daytime dysfunction [21]. In all 3
questionnaires, lower scores correlate to better sleep
quality and mood.

2.6. Statistical analysis

All statistical analyses were performed with
GraphPad Prism 7 (GraphPad Inc., La Jolla, CA,
USA). We tested within group differences using a
two-way ANOVA with a Bonferroni correction for
multiple testing. The student’s t-test was used to com-
pare the change in MST and questionnaire scores
between the control and treatment group to account
for baseline differences. For non-normally distributed
data the Mann Whitney U was administered. The
majority of the measures were normally distributed.
However, the baseline and endpoint PHQ-9 results
of both groups and the endpoint results of the PSQI
in the non-chewers were not normally distributed. In
addition, the REC results and the baseline LDI results
were also not normally distributed. P-values < 0.05
were considered significant.

3. Results

3.1. Cohort characteristics

Out of 109 screenings a total of 60 volunteers were
enrolled and randomised to one of two groups: chew-
ers and non-chewers. Both groups consisted of 30
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Fig. 1. CONSORT diagram showing reasons for exclusion from the study.

participants each. The chewers were instructed to
chew 1 piece of gum for 10 minutes 3 times a day for
3 months and the non-chewers continued with their
normal dietary patterns and habits. During the trial 6
participants dropped out of the chewing intervention
with 1 case of headache, 1 case of insomnia, 1 case
who was unhappy with the ingredients of the chewing
gum, 2 cases of personal reasons and 1 lost to follow
up. One non-chewer dropped out for unknown rea-
sons. Therefore, a total of 53 participants successfully
completed the intervention (Fig. 1). Known general
characteristics of the 53 participants that completed
the study are reported in Table 1. The chewer group
was formed of 13 males and 11 females with a mean
age of 61 years. The non-chewer group was formed
of 15 males and 14 females with a mean age of
57 years. Known employment status and ethnicities
are also reported in Table 1. The two groups were
not significantly different from each other in age,
gender and ethnicity. However, their employment
sectors were significantly (P = 0.04) different from
each other. The chewers consisted mostly of partici-
pants in a professional/technical employment sector
(n = 11) followed by managerial/office (n = 8), not

Table 1

Summary of the general characteristics of the two groups

Chewer Non- P
chewer value

Age£ 61 57 0.91
Gender$ Male 13 15 0.78

Female 11 14
Employment% Managerial/Office 8 4 0.04∗

Professional/Technical 11 13
Skilled Labour 1 4
Clerical/Sales 0 2
Not working/Retired 4 5

Ethnicity% Caucasian 21 24 0.63
African American 3 3
Hispanic 0 1

There are no significant differences between the groups in age,
gender and ethnicity. However, employment sector is significantly
different between the groups (P = 0.04) Age is presented as the
mean. ∗P < 0.05. £Student’s T Test $Fisher’s test %Chi-square test.

working/retired (n = 4) and skilled labourers (n = 1).
There were no participants in a clerical/sales sector
of employment. The non-chewers also had the major-
ity of participants in a professional/technical position
(n = 13). However, there were fewer participants in
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Fig. 2. There is no significant change in pattern separation but there is a significant improvement in recognition memory after the chewing
intervention where the participants were required to chew 1 piece of gum for 10 minutes 3 times a day. However, the chewers (n = 23)
had a significantly greater improvement in recognition memory compared to the non-chewers (n = 28), who continued with their normal
habitual routine. a) There is a significant increase in REC score in the chewers (adjusted P = 0.02&). However, there is a significant difference
in baseline REC scores between the treatment and control group (adjusted P = 0.02&) b) No significant difference in pattern separation
as measured by the lure discrimination index (LDI) in the chewers (P = 0.12&) and the non-chewers (P = 0.09&). c) The chewers have
a significantly greater improvement in REC scores after the intervention compared to non-chewers (P = 0.02). d) There is no significant
difference between the groups in the change of LDI score (P = 0.19). ∗P < 0.05. &Bonferroni correction applied.

managerial/office (n = 4) positions but more skilled
labourers (n = 4), those in clerical/sales (n = 2) sector
and not working/retired (n = 5).

3.2. Mnemonic similarity task

Before analysing the MST results 2 participants
were removed from the analysis because of miss-
ing data due to a technical error, resulting in a
total of 51 participants analysed (23 chewers and 28
non-chewers). There were no significant differences
between baseline and endpoint LDI data for both the

chewers (baseline = 0.27, endpoint = 0.21, adjusted
P = 0.14) and the non-chewers (baseline = 0.25,
endpoint = 0.25, adjusted P > 0.99). Next, we inves-
tigated whether either group showed a significant
change in their MST performance (Fig. 2). There
were no significant differences between baseline
and endpoint LDI data for both the chewers (base-
line = 0.27, endpoint = 0.21, adjusted P = 0.14) and
the non-chewers (baseline = 0.25, endpoint = 0.25,
adjusted P > 0.99). Next, we investigated whether
either group showed a significant change in their MST
performance (Fig. 2). We found a significant increase
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Fig. 3. There is a significant improvement in sleep quality after the chewing intervention. However, when comparing the change in depression,
anxiety and sleep quality scores after the 3-month trial period between groups there is no difference between the chewers and non-chewers.
a) No significant change in PHQ-9 score in chewers (adjusted P = 0.09&) or non-chewers (adjusted P = 0.63&). b) No significant change in
change ZSAS score in chewers (adjusted P = 0.053&) but the non-chewers had a significant decrease (adjusted P = 0.02&). c) Significant
decrease in PSQI score indicating an improvement in sleep quality (adjusted P = 0.006&). No difference seen in the non-chewers (adjusted
P = 0.77&). d) No significant in PHQ-9 score in non-chewers (P = 0.29). e) Significant decrease in ZSAS score (P = 0.002). f) No significant
change in PSQI score in non-chewers (P = 0.48). g) No significant difference in PHQ-9 score change between chewers and non-chewers
(P = 0.82). h) No significant difference in ZSAS score change between chewers and non-chewers (P = 0.96). i) No significant difference in
PHQ-9 score change between chewers and non-chewers (P = 0.14). ∗P < 0.05; ∗∗P < 0.01. &Bonferroni correction applied.

in REC score in chewers from 0.70 to 0.82 (adjusted
P = 0.02). However, the chewers and non-chewers
also had significantly different REC scores at base-
line (chewers = 0.70, non-chewers = 0.82, adjusted
P = 0.02). In order to account for this difference at
baseline we decided to compare changes in perfor-
mance in each group with each other. Analysis with
the Mann Whitney U test showed that the chew-
ers have a significantly bigger mean improvement
in their REC scores compared to the non-chewers
(�REC chewers = 0.12, �REC non-chewers = –0.03,
P = 0.02). However, this was not seen with the LDI
score and there was no significant difference to
each other in the mean changes of their scores
(�LDI chewers = –0.06, �LDI non-chewers = 0.00,
t(49) = 1.33, P = 0.19). Therefore, although the suc-
cess of the intervention would need to be interpreted
with caution, we can see that there is possibly a
minor positive effect of chewing over not chewing
at all.

3.3. Mood and sleep quality

Two participants were removed from all question-
naire analysis due to missing data. First, we compared
the baseline and endpoint scores of each question-
naire for both groups to examine the effects of the
intervention (Fig. 3a–c). There was a non-significant
decrease in the mean score of the PHQ-9 of the chew-
ers from 2.22 to 1.17 (P = 0.09) and similarly in the
non-chewers from 1.79 to 1.32 (P = 0.63). Similar
trends were seen in the ZSAS for the chewers with a
non-significant decrease in mean score from 27.83 to
25.96 (P = 0.053). However, although unlikely to be
related to the intervention, the non-chewers had a sig-
nificant decrease in ZSAS score from 26.5 to 24.57
(P = 0.02). Interestingly, we report a strong signif-
icant improvement in sleep quality of the chewers
with a decrease in PSQI score from 5.26 to 3.61
(P = 0.006) which was not seen in the non-chewers
(score change from 4.64 to 4.3, P = 0.77). Finally, we
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compared the groups to each other to determine if the
changes in scores they presented were significantly
different from each other (Fig. 3d–f). We found no
differences between the chewers and non-chewers in
the change in PHQ-9 score (P = 0.82), ZSAS score
(t(49) = 0.05, P = 0.96) and PSQI score (P = 0.14).

4. Discussion

We hypothesised that mastication could potentially
improve hippocampus-dependent cognitive ability
after a 3-month intervention. There was a signif-
icant improvement in recognition memory of the
chewers who chewed 1 piece of gum 3 times a day
for 10 minutes. Although a significant difference in
baseline performance may explain this finding when
compared to the non-chewers, the overall increase
in cognitive ability of the chewers was significantly
larger. To the best of our knowledge, this is the first
study to look at the impact of a mastication interven-
tion on recognition memory and pattern separation
in the absence of chewing whilst performing the
task. The mnemonic similarity task measures this
hippocampus-dependent memory and the improve-
ment seen here could be due to a modulation of adult
hippocampal neurogenesis (AHN). AHN is the pro-
cess by which new born neurons are generated from
progenitor cells found in the subgranular zone of
the dentate gyrus. These new-born neurons will then
functionally integrate into existing neural circuitry. It
is now widely accepted that this occurs at the gran-
ule cell layer in humans [22]. Although the function
of these new-born neurons is still under investi-
gation, evidence indicates that they may modulate
hippocampus-dependent cognition such as recog-
nition memory. It has been suggested that newly
generated granule cells may mediate the ability
to trigger “pattern completion-mediated recall” i.e.
recognition memory [23].

Over the past few years there has been an evidence
base building up indicating a relationship between
masticatory ability, influenced by edentulism and
food texture, and AHN in rodents. Forced edentulism,
via the removal of molars, in adult mice has been
shown by multiple groups to give rise to reduced
cell proliferation and new-born neuron density in
the dentate gyrus resulting in impaired structure and
spatial memory [24, 25]. Mice fed on powdered or
liquid diets have shown to have reduced survival of
new-born cells and reduced cell proliferation in the
dentate gyrus [26, 27]. Furthermore, bone-derived

neurotrophic factor expression, which increases neu-
rogenesis dose-dependently, is decreased in mice fed
on a soft diet [28]. On the other hand, Akazawa
et al. (2013) observed that mice fed on autoclaved
food, making it 1.5 times harder, had increased
survival of new-born cells resulting in increased hip-
pocampal volume and improved spatial learning.
Considering all of this, it would not be unprecedented
to hypothesise that the improvement in recogni-
tion memory seen in this study may be a result of
increased AHN.

Mechanistically, mastication is considered to be
a high muscle activity. It significantly increases
bilateral middle cerebral artery blood velocity and
oxygen levels [30, 31]. Moreover, it has been
shown to increase heart rate and improve mem-
ory function possibly due to upregulated delivery
of metabolic substrates to the brain (Wilkinson,
Scholey and Wesnes, 2002). The movement of mas-
ticatory muscles may be also considered a physical
activity constituting a mild form of exercise which
is a well-established modulator of not only AHN
but cognitive health in general [32, 33]. Akazawa
et al. (2013) suggest that increased oral sensori-
motor stimulation from mastication may result in
upregulation of sensorimotor information reaching
the brain. In combination with increased blood flow to
the highly-vascularised hippocampus this may stim-
ulate an improvement in hippocampus-dependent
cognition.

We report that participants in the mastication inter-
vention had a significant improvement in their sleep
quality. Sleep has been shown to have a significant
effect on cognition. A 24% increase in sleep qual-
ity and 11% increase in sleep duration has been
reported to be able to improve global cognitive
function, attention and memory [34]. Poor sleep
quality was shown in 154 university students to be
related to a more depressive, anxious mood status
and impaired sustained attention [35]. In fact, sleep
deprivation may induce morphological changes in the
hippocampus. Sleep deprivation in rats has resulted
in reduced spine density of neurons in the CA1
region which may impact hippocampus-dependent
cognition [36]. Deficits in hippocampus-dependent
learning and memory paradigms, such as spatial
learning as measured by the Morris Water Maze, have
been shown to be one of the major effects of sleep
deprivation [37, 38]. Therefore, the improvement in
recognition memory seen here could be a result of
a combined effect of the intervention and general
improvements in sleep quality.
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The mnemonic similarity task is a well validated
task that can be utilised as a sensitive, proxy measure
of the integrity of the hippocampus, and in partic-
ular the dentate gyrus by quantitatively measuring
recognition memory and pattern separation [18]. Fur-
thermore, it can be carried out repeatedly with no
significant practice effects [18]. However, it is not
only the dentate gyrus which has a hippocampus-
dependent role in recognition memory and pattern
separation but also the parahippocampal place area
(PPA) which responds to visual scenes such as
cityscapes and landscapes [39]. Therefore, the lim-
ited nature of the MST which only shows single
objects on a white background may not completely
capture hippocampal function. Recently, the creators
of the MST attempted to address this limitation and
developed a version of the test that used scenes
instead of images but found little evidence to support
it [40].

Typical of human studies there are several limi-
tations that need to be considered when interpreting
the results seen here. Firstly, the potential interaction
between the participant’s oral health and the MST was
not investigated. There is a large evidence base now
showing that tooth loss, oral health and oral prosthet-
ics may have a relationship with cognitive function
and impairment, particularly in elderly populations
[41–44]. Therefore, it would have been beneficial to
investigate the dental status of the participants in this
intervention and should be included in future studies.
Secondly, as a pilot study, we recruited a modest num-
ber of participants in a population with an upper cut
off age of 70 years old. Therefore, we may not be able
to generalise the results seen to an elderly or clinical
population to which an intervention such as this may
be more useful and desirable. Finally, we did not fol-
low up with the participants post-intervention and so
we cannot conclude whether a 3-month mastication
intervention produces lasting, long-term improve-
ments in recognition memory. Additionally, it would
have been beneficial to include a study visit in which
the acute effects of a chewing intervention on recogni-
tion memory and pattern separation are investigated.
Future studies should incorporate this with a control
group who are given a different intervention such as
a mint-flavoured boiled sweet in comparison to the
masticating intervention group whilst performing the
mnemonic similarity task.

With an exponentially growing, ageing popula-
tion and an increasing burden on global healthcare
systems, the discovery of effective non-medical
interventions to delay age-related deterioration are

crucial. To form a clearer picture of the effects of
chewing on brain function it would be of great inter-
est to look at the cellular and molecular mechanisms
that are being manipulated by the chewing inter-
vention, especially with a focus on hippocampal
neurogenesis-associated markers. Future studies with
larger sample sizes and longer interventions in both
healthy and cognitively impaired populations are also
desirable. However, overall our results indicate, for
the first time, that extended periods of mastication
may have a chronic positive effect on cognition and
warrants further investigation.
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