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Mouth is the first compartment of food transformation
for the purpose of its assimilation
-> all digestive compartments are linked, each following the other,
/ mouth being the first one

In the alimentary context,
the main activity of the mouth is mastication
mastication is operated
to prepare a food bolus for swallowing
without pain, discomfort or risk of aspiration

Mastication is the first step of digestion
and must be considered as such
¢ mechanical digestion
¢ chemical digestion

Mastication
major goal => food bolus

15t contact of food
with digestive tube
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dynamics of mastication

Muscular contractions (electromyography)
Mandibular movements

amplitudes, velocities (kinematics)
Bite and mastication forces (sensor)
Tongue movements,
tongue-palate compression
...etc

2 ways to study mastication

Combining knowledge on dynamics, masticatory parameters
and bolus characteristics
provide

- arelevant understanding of the overall function
> Achance to understand the subtle but critical role of mastication in nutrition
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f(.)od bolus
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Food bolus collected after complete mastication
or at different moments of the masticatory sequence
Bolus characteristics - bolus formation
particle size distribution (granulometry )
rheological behaviour
(hardness, cohesiveness...)
biochemical characteristics
(saliva and enzyme activity...)
.. ete

-

ficatior - . s
uncions ™ Individual steadiness of mastication

Mandibular movement:
series of opening
and closing

plotted in frontal view

Complete masticatory sequences for a subject S
chewing either the same food on separate occasions or another food only differing in hardness
(mandibular movement)
lateral displacement (mm)
86420024

8642024 8 6420 34
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Reproducibility o7 leit right o

for a given subject

vertical displacement
(mm)

20

Subject S — D day Subject §— D +7 day Subject S - +7 day

hard hard soft

==p Mastication : reproducible/steady for a given subject (good oral health)
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qoined™ Between-subject variability gt . o .
Fun ‘ punctio” Adaptation of mastication to food properties
Mandibular movement 4 products of increasing hardness
Muscular contraction
i Number of cycles ion during
plotted versus time w . o Fous
p<oon <otor

Complete masticatory sequences for 2 subjects A and B chewing the same food
(muscular contraction + mandibular movement)

Subject A SubjectB
Mandibular Y sty A g Flbhoy
Movement z O 2 vy :
(verticaand atera) o/ swllowing 3
™ T AT Y e

Muscular L basbatats owdssoditiol e Bl
Contraction 2 . L ¥
(masseter+temporatis | | & g

fight and left) - B —

==p Mastication highly variable from a subject to another one
even chewing the same food

Peyron et al, 2002, Foster et al, 2006
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P on Adaptation of mastication during “normal ageing
to food bolus characteristics
is effecﬁve during fhe whole sequence 4 elastic model foods only differing in hardness
Number of masticatory cycles Mean EMG act. per cycle
(el . £1
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differing in hardness e differing in hardness ~ —<n E4
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Whatever the initial food hardness,
at the end of mastication the food bolus required the same quantity of muscle contraction
Peyron et al, 2004

g f0d®”  Food bolus granulometry is dependent on food structure od ol

Reproducibility in food bolus granulometry Changes in food bolus properties over the whole masticatory sequence
Paiticle size distribution in the food bolus collected just before swallowing - interaction with saliva
in young normo-dented adults
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| Breakfast cereals

10 subjects Subject # 1 — ham Subject # 8 — green olive
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obtained with various masticatory strategies

Peyron et al 2011, Hennequin et al, 2015, Peyron and Rémond, 2014
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Within- and between-subject

Great interindividual variability
steadiness in bolus granulometry

of mastication

@

radish

pistachios
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3¢ different mastication strategies (10 subjects)
bolus with similar characteristics

(granulometry and rheological behaviour)
[ perception of these characteristics participates

to swallowing initiation

Joe
X ) ¢ ’
¢ ¢ safe-
in absence of Numerous afe-
oral deficiencies mastication( ® swallowing
@ Strategies o food bolus

punction® Eﬁw What happens in case of oral deficiencies ?
o mastiC
geficient
Number Duration of Act. EMG
of cycles Sequence (s) / sequence [ young, dentates
w0 (mVs) I*J aged, dentates
peanuts ‘“’ B aged, edentulous + denture

Mastication
7 with age
A 7 with teeth loss

2
i D . D
o o

Particle size distribution

Resull'\ ngiuud polus

£

£ but denture wearers
2 A s swallow a bolus

geo L\ insufficiently reduced
S ST

0408 114 2

25
Sieve Aperture (mm)

* Young, dentate °© Aged, dentate " Aged, denture

Longer masticatory sequence for denture wearers not sufficient to reduce the bolus

Mishellany-Dutour et al, 2008

il o o . o . .
¢ Papticle size distribution in bolus of meat

Resltin
after correct or deficient mastication
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nctionnE "
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- ient . . . .
defice” Deficient mastication - aged denture wearers

8 100 MEAT @
£ ~swallowing - correct masticaton A 3: p—
% : 3/ sequence  correct mastication ~ deficient mastication meat E. '3
2a T2.1/2 sequence - correct mastication / (edentulous for ex) £ 25 o
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) '1/4 sequence — correct mastication

ST s « TR 1 - Dented

Fatice scemm) 200 400 600 800 1000
Force (N) (increase in meat hardness)
Bad dental state - deficient mastication and bad adaptation to food hardness
Meat bolus Meat bolus Aged denture wearers are no longer able to adapt mastication to food
correctly masticated insufficiently masticated
Veyrune and Mioche, 2000; Veyrune et al., 2007
asticatio? astication
tion ition 5 5 o .
ndnutrit ™ Mastication = 15t step of digestion due o ...

Links between Food Intake-Nutrition and Oral Health

Daily food intake %  when Deterioration of dental state |

Energy

Proteins
fat Subjects+21 teeth Subjects 11-20 teeth Subjects 1-10 teeth

Polysaccharides
Calcium
Vitamin

Blood composition W when Deterioration of dental state b |

Vitamin C

Vitamin £ partially partially completely edented subjects
edentedsubjects ) edentedsubjects  edented subjects > Without post teeth

Beta-carotene 5-8 post teeth 1-4 post teeth denture

Folates

decrease in daily food intake ‘Sahyoun etal, 2003
and decrease in nutrient absorption e et 2000
are cumulative problems in case of deficient IVGom et Woda, 2002

Sheiham et al, 2001
mastication due to bad dental state Mojon et al, 1999
Krall et al, 1998

Mechanical digestion in the mouth and further digestive consequences

Temporal parameters of gastric emptying (min)

1

Stomach activity is modified
ssmallpartices (<tmm) by particle size
wreparides c2nm) | @rriving from the mouth

- large particles
delay gastric emptying

Tt Tag matt

“smaifparicle Bolus particle size
also impacts metabolism

1 ; - large particles limit
i . O . glycemia and insulinemia

S,

Ranawana et al, 2011
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asticatio!
g autritio” TSP . .
an Mastication = 1¢t step of digestion due to ...
Biochemical modification of food compounds/nutrients

= — Beef --- mouthful
*~ Beef --- minced

control bolus

7 lipid oxidation during mastication in vitro without saliva

more important when meat is minced before chewing

o omed o mouthuiminced

control bolus
i

# protein oxidation during mastication in vitro without saliva
more important when meat is minced before chewing

e mouthfominced

Important to consider the antioxidant status of saliva

Masticatio®
o nuttio? Mastication = 15t step of digestion
Impact of masticatory deficiency on oral and intestinal starch digestibility

> simulation of edentulous people Particle size after mastication

asta pastabolys
invitro
>
mastication’

-
«
atose Oral digestibility of starch gucose Intestinal digestibility of starch
& maltose/g starch (%) & glucose/g starch (%)
Correct mastication - Correct mastication / norma digestion

Deficient mastication B Deficient mastication / normal digestion

= after correct mastication, a part of the initial starch content has been hydrolyzed in maltose

since it can protect food compounds from oxidation (dissolvad injsaliva)
> i h » = after deficient starch is is sif lower
Nutrient as imp negative on = but normal digestion tends to balance oral deficiency to a certain limit
< alackin ion would be significant in case of combined deficient mastication AND
digestion
Sonté-Lhouteller & Peyron 2013 -

pasticet” A R pasticaton . o

andnulriﬂf’“ Mastication = 1" step of digestion andnulﬂuo" Mastication = 1st step of digestion due to ...
Cephalic phase reflexes initiated in the mouth during food oral processing

Impact of masticatory deficiency on amino-acids (AA) absorption

> simulation of edentulous people ¢z

Amino acids plasma determination after correct or deficient mastication

meat

Particle size distribution

correct mastication

ncrease

Postprandial plasm:
in essential AA

T

deficient masticatior| correct  deficient
masticatiomastication

deficient mastication

Essential AA / plasma

correct mastication

()
NN

o

= With deficient mastication, amino acids assimilation is slower and lower than with correct mastication
=This is mainly due to greater particles in the swallowed food bolus limiting further digestion

Rémond and Peyron, 2013

SHAM FEEDING = Oral stimulations

but no swallowing, -t
@ no arrival of food bolus in the stomach '\ =
\ no digestion oonhonin
it

Gastrin release Insulin release Gastric acidity

: Cephalic phase
reflexes aimed at
preparing the
digestive tract to the
arrival of the food
. being chewed and

Stomach analysed in the

ey e T
Teff, 2000 Katschinskietal, 2000

Robertsonet al, 2001 Teff, 2000 Martinez et al, 2002

=A myriad of CPRs exists

=FOP gives an opportunity to the CNS to adapt the to food content

tract and the

Variations in cardiac frequency or energy expenditure during mastication

e

mastication
chewing gum
(5 min)

g8

R-R decreases
> Cardiac frequency increases

pap——
22

H

M Cardiae frequency

-
e Mean blood pressure

LF/HF ratio increases
masseter activity (mastication) B Syst ortho}; dominent

(analysis of cardiac variability)

Ret M

Shiba et , 2002

Hasegawa et al, 2007

Energy expenditure

Energy (% ay

: b
1 a
o & ¢ &S { weor aweor " cwaos
& S s mastication versus rest \_Increasein hardness
T TS S
& & & Rousset & Peyron, 2012

Leévine et al, 1999
What mechanisms ? What consequences ? What role ?

- energy expenditure during mastication, impact of texture / food hardness
> cephalic phase reflexes ? Autonomic nervous system ?
> in healthy human ? With pathology ?

Mas!iiaﬂ“’"

and " I .
Mastication and satiety ?

— comparison : meal ingested in 5 or 30 minutes

YY Peptide satiation
{a £
la !
3 2
i 3
<

Srin s ¢ Smin Wmin

GLP-1 hunger
e b
3
H 1
Hel H
i in
kN '
.

Food intake

Peptides YY and GLP-1 = anorexygenic hormones

Motor activity

Kokkinos et af 2010 Food perception
During mastication
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multiple components

Physiology of masticatory function o bolus formotion

Peanuts 0% < L e 10 > 2.5mm
Raw caotS0% < 2mm P
Pork e 0% < 34 and mastication Mechanical food breakdown
Ningon $0% < 2m
Dot cercals 0% < 152 rheological environment
Coneal bl am 0% v .
+ Smaller particles

* Role of teeth, saliva and dynamic of

. « Swallowing threshold »

™~ (particle size, moisture, cohesiveness, ¢

Food matrix mastication, safe swallowing,
formulation, composition
structure, texture

plasticity, saliva impregnation,
) rheological behaviour...

Mas‘tlcatlon‘ i i Food bolus N safe_
Dynamic function saliva impregnation . swallowing & Y Release of food

(number of cycles, frequency, duration,

velocities, muscular contraction...) w compounds

s « Consequence of food - compounds
M matrix disruption «Role of saliva: oral

digesti « Oral bioaccessibility, g
Lges m.n saliva dissolution... Antioxidant activity.
very Large inter-individual homogeneity in food bolus L2 sorption
variability between individuals nutrition

Digestive consequences, initiation of
metabolic reactions

« Facilitated intestinal transit, readiness of
digestive tract, cephalic phase reflexes...

Swallowing threshold
Digestion, absorption

Mouth has several tools to disrupt the ingested food (teeth, tongue) and
to solubilise food components released by the food matrix (saliva)
These tools are thoroughly adapted to the food in real time

Peripheric
informations

B Thank you for your attention !
mouth = sensory organ
mastication

P

& Prepare digestive tract

to the food
Q
Oral release of nutrients

Oral digestion \ Digestive tract b7 i

receptors

Mastication (associated with salivation) well adjusted to food (texture, composition...) %
probably allows a better assimilation of nutrients through 2 ways : AN j - u‘

first step of nutrient extraction from food matrix occurs during chewing
food analysis during mastication prepares the digestive tract to its arrival




