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saliva

tongue activity

Perception of 
food bolus properties
initiating swallowing

Continuous perception
of physical bolus 

properties leading to 
further mastication

Swallowing threshold concept

Mastication

Dynamic function
(number of cycles, frequency, duration

and speed of mandibular displacements,

muscular contraction …etc)

food bolus
Mechanical reduction safe

swallowing

Swallowing threshold
(particle size, moisture, cohesiveness, 

plasticity, saliva impregnation rate

rheological behaviour…etc)

great interindividual

variability

in 

strategies

of masticatory

process

(necessary)

Food bolus homogeneity between individuals

with good oral/dental health

at the time of swallowing

(for a given food)

Physiology of masticatory function

Saliva impregnation

peanuts 50% < 1mm et 10% > 2.5mm
raw carrot 50% < 2mm
green olive 50% < 2.6mm
mango 50% < 5.2 mm
breakfast cereals 50% < 1.52 mm
moisture level in cereal bolus env 50%

digestion

nutrition
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=  major objective of mastication

Mechanical reduction in particles of smaller size
Lubrication by saliva

Cohesive and viscous mixing
not adhesive to teeth or mucous elements

Food Bolus formation

The way in which the bolus is constituted 
mainly depends on the nature

and initial texture of food 

fruit meat cereals radish pasta
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Swallowing threshold

Initiation of swallowing :

Food matrix disruption --- bolus particle size
A rigid food must be reduced in particles smaller than for a softer food

peanuts 50% < 1mm and only10% > 2.5mm
raw carrot 50% < 2mm
green olive 50% < 2.6mm
mango 50% < 5.2 mm
breakfast cereals 50% < 1.52 mm

specific goal of teeth which act to break the food matrix

Bolus cohesiveness --- adhesiveness of particles together
balance between cohesiveness (particles together) and adhesiveness (particles to buccal elements) 
(difficult to measure by physical tests, can be estimated by empirical measurements)

specific goal of saliva which moistens the food and initiates digestion
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release

Stroke and saliva action
(mechanical and chemical actions)

Release of compounds during matrix disruption

food matrix disruption
food compounds release

juice, nutrients, flavor …

Compound release (oral bioaccessibility)
direct effect on perception 
direct effect in absorption
indirect effect on metabolism

food matrix
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Food bolus formation – role of mastication – role of saliva

smaller particles
easy and safe swallowing

mechanical reduction of food and 
rheological environment

food compounds released in saliva

biochemical modifications of food
compounds by saliva 

digestive consequences, initiation of 
metabolic/digestive reactions

oral bioaccessibility of juice/nutrients/gustative compounds
perception (flavor, nutrients…)

oral digestion
role of saliva

facilitation of intestinal transit
preparation of digestive tract
cephalic phase reflexes
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d50 =3,59

Particle size reduction with the progress of the masticatory sequence
from 25% of the complete sequence

to swallowing
=

progress 
of masticatory 

sequence

Meat bolus is swallowed with larger particles than raw carrot or cereals
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masticatory sequence progress

breakfast cereals

saliva for a rheological mediumKinetics of changes in bolus properties along masticatory sequence

Rheological characteristics of cereal bolus are due to food breakdown but also likely

to moistening by saliva impregnation and biochemical starch transformation

Peyron et al, 2011

Flow curves of boluses obtained

after a different number of 

chewing cycles 

showed that the more the bolus 

was chewed the lower was the 

viscosity

Le Bleis et al, 2013

saliva as a viscoelastic fluid
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Kinetics of changes in bolus properties along masticatory sequence

2 different breads (traditional and country)

Consistency index

Progress of the masticatory sequence

The consistency index significantly

decreased for both breads with the 

progress

of the masticatory sequence

~

Both boluses reached similar

consistency value 

just before swallowing

Apparent viscosity

before chewing

chewing in a bag until swallowing
after 3 cycles
after 6 cycles
after 12 cycles

until swallowing

Kinetics of changes in bolus properties along masticatory sequence

saliva impregnation
shear test
granulometric analysis
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saliva helping matrix rupture

Rémond and Peyron, 2014

Young et al, 2013

saliva as a moistening agent
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Kinetics of bolus formation

With the progress of the masticatory sequence, contact area between food

particles and saliva increases, leading to a cohesive and moistened material

recipe 1

recipe 2

recipe 3

At the moment of swallowing, 

a single cohesive mass of paste material

bread

recipe 1

recipe 2

swallowing point

biscuit

Le Bleis et al, 2013

cumulative particle area after 3, 6 or 12 cycles

or at swallowing point
bread 1

bread 2

45% 

moist.

55% 

moist.



31/10/2014

4
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Rheological properties of the swallowable bolus
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bolus of

LowCooking meat

=
bolus of 

StrongCooking meat

regarding rheological properties

13

saliva for rheology

Rémond and Peyron, 2014

food structure AND saliva action

due to

no fluid

5 mL water

5mL artificial saliva (mucins)

5 mL amylase solution
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(very dry)
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(fat)
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number of chewing cycles

***
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***

ns
Added to natural saliva produced

by volunteers during normal chewing

Highly significant decrease in the number

of masticatory cycles after adding water 

to the food at the start of the chewing process
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Adding 5mL fluid to the food significantly reduced the average EMG activity per cycle 

except for carrot (90% water) and cheese (35% water and 31% fat)

Van der Bilt et al, 2007

saliva facilitating mastication
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Interaction between mastication and saliva

ns
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Role of mastication associated to saliva in digestion

chemical food transformation

chemical modification of food matrix, food components or nutrients
Role of saliva

* oral digestion : amylases, lipases…

* direct release of food components

Hoebler et al, 1998

Sugars and oligosaccharides

glucose

Maltotriose

Maltotetraose

Alpha-glucans

bread piece   > chewed bread (bolus) 

bread piece   << chewed bread (bolus)

bread piece   <<< chewed bread (bolus)

…………………..

…………….….

………..……

……………….….…..

bread piece   < chewed bread (bolus)

during masticatory sequence:

starch is progressively digested in
maltotriose, maltotetraose

and apha-glucans

Example
bread chewed and expectorated after mastication

saliva as a digestive fluid

by breaking down the matrix, mastication increases the surface contact 
between food and saliva, favouring enzyme action 

Efficiency of oral digestion:
50% bread starch 

hydrolysed in the mouth 
(amylase) and transformed 

into smaller molecules, 
before swallowing

correct mastication

deficient mastication

Oral digestion after correct or deficient mastication of pasta

initial content

(maltose is a product of starch hydrolyzis after amylase action)

���� after correct mastication, a part of the initial starch content has been 

hydrolyzed in maltose (dissolved in saliva)

���� after deficient mastication, the result of starch hydrolyze is significantly lower 

in liquid phase of the bolus

in vitro

mastication

pasta pasta bolus

Initial content 

determination

Starch and maltose determination in liquid phase (saliva)

Maltose (g/100g)

***

0
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0,6

0,8

1
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2
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saliva as a digestive fluid

role of saliva (amylase) – in vitro study

Peyron and Blanquet, 2014

The interaction of amylase 

enzyme with starch ingredients

produces almost an immediate

effect on hydrolysis

and thus making the food much

easily mixable and digestible 
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Juice loss during mastication of fruit

* mango samples were chewed inside a “bag” 

0
in vivo

25 cycles
in vivo

without saliva*
23 cycles

juice + saliva juice

10

20

30

40

50

% juice released

0

10

20

30

40

50

60

B1c B25% B50% B75% Bswallow

%
  

re
le

a
se

d
 j

u
ic

e

Progress of mastication

Released juice from fruit matrix

0

10

20

30

40

50

60

70

80

90

100

more than 80% particles > 7mm

%
 c

um
ul

at
iv

e 
w

ei
gh

t

0,4 0,8 1 1,4 2 2,5 4 6,3 7,1

Sieve size (mm)

Particle Size Distribution in bolus at swallowing

Peyron et Valente (CIRAD), 2012 

saliva mixed with food juice
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saliva as a solvent
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Dardevet et Peyron, 2012

Water content in boluses incorporated saliva
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� Saliva content appears to be a contributing 

factor to initiate swallowing since 

it has been shown to be constant 

at the point of swallowing 

for a group of food matrices
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Beta-carotenes determined 
in liquid phase 
(salivary juice) 

of the food bolus (HPLC)

Peyron et Rock, 2007

small particles (0.4 mm) in the bolus
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higher beta-carotene content in saliva as the masticatory sequence progresses and matrix disruption occurs
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and iron dissolution

in saliva
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saliva as a solvent

MEAT
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Oxidation level of proteins during mastication in vitro without saliva
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Biochemical changes of food compounds during mastication 

piece of meat

minced meat

antioxidant role of saliva for protection against deleterious stomach processes

- due to salivary peroxidase, uric acid, glutathion…

initial/control
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bolus

Santé-Lhoutellier et Peyron, 2013

saliva as a biochemical medium
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Saliva acts both as a media and a reservoir during bolus formation

saliva is essential during the food consumption

boundary of friction coefficient lower than water

lubrication of food particles (mucins)

saliva and food component interaction

(potentiated by the concomitant increase in surface of contact of food particles with saliva)

interaction of saliva with the food still represents today a great challenge
physiological concepts : bolus formation and swallowing initiation

establishing correlations : physical properties of food / perception

establishing links between :

saliva composition, saliva properties, bolus properties, impact on masticatory stratégies, swallowing
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