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a b s t r a c t

During food consumption, complex oral processing occurs to transform the food into a bolus, ready to be
swallowed. The objective of this study was to relate food, saliva and bolus properties, by using model
dairy products, to better understand the role of saliva in bolus formation. Un-stimulated and stimulated
saliva was collected from 5 subjects and biochemical and enzymatic properties were measured. Food
bolus was then obtained from 8 different dairy products, varying in composition and ranging from liquid
to gelled samples. The rate of saliva incorporation, pH, spreading ability and bolus rheological properties
were determined. Some correlations seemed to exist between lysozyme activity and bolus properties.
Subject and food product had a significant effect on almost all bolus properties. The rheology of bolus
was highly correlated with food product texture. Even though preliminary, this approach could be used
to better understand stimulus release and perception during food consumption.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Food consumption implies a lot of complex oral manipulations,
in order to transform a food product into a food bolus ready to be
swallowed. In the mouth, food is diluted and mixed with saliva and
can be broken down into small pieces bymastication, depending on
its initial structure (Chen, 2008). The treatment of food in the
mouth has two major functions: the reduction of the particle size
by mastication and the lubrication of these particles by saliva and
by juices released from the food (Prinz & Lucas, 1995). During
mastication, the food product mixes with the saliva to form a bolus,
which is a smooth and lubricated portion of mechanically broken
down food (Pedersen, Bardow, Beier Jensen, & Nauntofte, 2002).
During food consumption, salivary glands are stimulated, leading to
the production of stimulated saliva. Saliva, by interacting with food
product, could influence not only bolus characteristics, but also
flavour release and perception. Saliva is composed of a variety of
electrolytes (including sodium, potassium, calcium, magnesium,
bicarbonate and phosphates) and proteins (enzymes, mucines,
proline rich proteins.). Among salivary enzymes, amylase is the
dominating enzyme. a-Amylase is known to decrease the viscosity
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of starch product, such as custards (Engelen, de Wijk, Prinz, van der
Bilt, & Bosman, 2003; Engelen et al., 2007) or induce breakdown of
mixed protein/starch gels (Janssen, van de Pijpekampa, & Labiausse,
2009) and therefore affect mouthfeel perception. Recently it has
also been shown that this activity could influence volatile release
(Ferry, Hort, & Mitchell, 2004) and salty perception in viscous
systems (Ferry et al., 2006). These effects have been discussed in
terms of a degradation of food polymers such as starch, inducing,
thereby, a release of odorants from inclusion complexes (Taylor,
1996). Other enzymatic activities have been measured in saliva,
such as esterasic (Buettner, 2002), lipolytic (Voho, Chen, Kumar,
Rao, & Wetmur, 2006) or proteolytic (Helmerhorst, Sun, Salih, &
Oppenheim, 2008) activities but so far, their influence on bolus
formation has not been studied yet.

Recently, some studies tried to better understand and to explain
food destruction in the mouth and to relate it with sensorial and
nutritional properties of food (Chen, 2008;DeWijk, Engelen, & Prinz,
2003). However, few studies are related to food bolus properties. For
solid foods, the fragmentation pattern in the course of mastication
was studied (Jalabert-Malbos, Mishellany-Dutour, Woda, & Peyron,
2007; Peyron, Mishellany, & Woda, 2004), showing a weak interin-
dividual effect on bolus particle size distribution before swallowing.
The rheological properties of food bolus obtained from cereal prod-
uctswere also determined (Loret, Hartmann, &Martin, 2009; Peyron
et al., 2009) and these studies highlighted the importance of the
bolus water content and fluidity. To our knowledge, there are no
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study dealing with the bolus formation from dairy product and the
influence of saliva on bolus properties.

The aim of this work was to study saliva composition and bolus
formation from model dairy products taking into account physi-
cochemical characteristics of stimulated saliva and physical char-
acteristics of food bolus.

2. Materials and methods

2.1. Subjects and saliva samples

Whole saliva was collected from a group of 5 volunteers from 29
to 40 years old in two times, from 9:00 to 11:30 a.m. and from 3:00
to 5:00 p.m. at 2 occasions. After brushing their teeth, donors
refrained from eating and drinking, with the exception of water, for
1 h before donation. To collect un-stimulated saliva the volunteers
were asked to swallow the saliva in the mouth before starting and
then spit each 30 s during 5 min into ice-chilled vessels. For stim-
ulated saliva, after rinsing their mouth with water, the volunteers
chewed a piece of parafilm of 5� 5 cm for 4 min. During this time,
saliva was expectorated into ice-chilled vessels every 30 s. The first
spit of saliva was discarded. During collection and handling, the
samples were constantly kept on ice. Flow rate was calculated as g/
min. Whole saliva samples were centrifuged at 13,400�g for 5 min
at 4 �C to remove cellular debris (Eppendorf, model 5415 R,
Germany). The supernatants were frozen and stored at �80 �C and
used within 3 weeks.

2.2. Analysis of saliva

2.2.1. Buffer capacity and pH measurements
Buffer capacity was measured by a modified version used by

Engelen et al. (2007). Two hundredmicroliters of salivaweremixed
with 1.6 ml of 1.875 mMHCl (so 0.003 mmol of acid were used) and
the pH was measured using an electrode Mettler Toledo, Intralab
Expert. To determine pH, the same electrode was used and the
measurement was done in a ¼ dilution of saliva in water Milli
Q (Water Purification System), in order to obtain a sufficient
volume to submerge pH electrode. In order to limit CO2 formation
and bicarbonate instability, buffer capacity and pH were measured
immediately after sampling.

2.2.2. Conductivity
Conductivity was measured immediately after sampling in

a dilution 1/10 of saliva (0.5 ml salivaþ 4.5 ml Milli Q water) using
a conductimeter Heitolab MPC 350, Heito Paris, conductimeter. As
saliva volume was low, dilutionwas necessary to obtain a sufficient
volume to totally submerge the electrode.

2.2.3. Protein content
Protein concentration was determined using the method of

Lowry, Rosenbrough, Farr, and Randall (1951) with bovine serum
albumin as a standard.

2.2.4. Enzymatic assays
Proteolytic activity was determined using Pierce fluorescent

protease Assay kit, USA. This kit included fluorescein-labeled casein
(FTC-casein) for use as a substrate for assessing protease activity.
Fluorescence properties of FTC-casein (intact protein substrate)
change dramatically upon digestion by proteases, resulting in
a measurable indication of proteolysis. The measurements were
performed using a fluorometer Multilabel Plate Reader “Victor
3-V”, Perkin Elmer, Waltham (MA), with excitation/emission filters
(485/538 nm) and using trypsin as standard provided with the kit.
The results were expressed as mg of trypsin equivalent/ml of saliva.
Lysozymal activity was measured using EnzChek Lysozyme
Assay Kit (E-22013), USA. The assay measured lysozyme activity on
Micrococcus lysodeikticus cell walls, which were labeled with fluo-
rescein. Lysozyme action relieved the fluorescence quenching,
yielding a dramatic increase in fluorescence which was propor-
tional to lysozyme activity. The standard, provided with the kit, was
lysozyme from egg white, 1000 U. One unit was defined as the
amount of enzyme required to produce a change in the absorbance
at 450 nm of 0.001 units perminute at pH 6.24 and 25 �C. The result
was expressed as U/ml saliva.

Lipolytic activity was measured following the method
described by Robert (1985) which used methylumbelliferone acyl
esters as non fluorescent substrate. The lipase catalyzed the
cleavage of this substrate producing a fatty acid and a fluorescent
molecule of 4-methylumbelliferone. After 40 min of incubation at
37 �C, the fluorescence was measured using the same fluorometer,
with excitation/emission filters (350/460 nm). The standard used
was umbelliferone (Sigma 93979). The result was expressed in
pkat/ml saliva (or pmol/s/ml).

2.3. Food samples

A model system made of skim milk retentate powder, fat and
salt was used, following the method described by Saint Eve (Saint-
Eve, Lauverjat, Magnan, Déléris, & Souchon, 2009). The products,
varying in ultrafiltrated skim milk retentate powder (Triballat,
France) content (250 or 150 g/kg) or varying in anhydrous milk fat
(Corman, Belgium) content (0e166 g/kg), weremanufactured using
a defined protocol. The salt (NaCl, Prolabo, France) content (10 g/kg)
was constant. These model dairy products were chosen for their
good repeatability between preparations and the absence of
syneresis in the matrices. Two kinds of samples were produced, the
samples without rennet (150/0/NG, 150/40/NG, 250/0/NG, 250/40/
NG) and the samples with rennet (150/0; 150/40; 250/0; 250/40).
All the samples were evaluated respect to their dry matter content.
Also, the samples with rennet were evaluated in relation to textural
properties using a Texture Profile Analysis (TPA) on a TA-XT2
texture analyzer (Stable Micro Systems Ltd., Godalming, UK)
equipped with a 10-mm-diameter cylindrical probe made of
ebonite. After storage at 4 �C, slice samples (5 cm in diameter and
1 cm in height) of model cheeses were equilibrated at room
temperature (20� 2 �C) for 30 min before measurements were
made. A double-bite compression cycle was carried out, with a rest
period of 0.09 s between bites. Samples were compressed at
a distance of 5 mmwith a test speed of 2 mm/s during the first bite
and at a distance of 5 mm with a test speed of 2 mm/s during the
second one. Model cheeses were characterized in terms of firmness,
adhesiveness and cohesiveness. These parameters were defined
according to the study of Szczesniak (1963) and Pons and Fiszman
(1996). Three replicates for each product were performed. These
values are shown in Table 1, together with product compositions.
Dynamic oscillation tests were also performed with a controlled-
stress rheometer (RS1, Thermo Scientific, Germany), equipped with
a coneeplate geometry (60 mm diameter, 2� angle) or a platee
plate geometry (35 mm diameter), depending on products
(Panouillé, Saint-Eve, de Loubens, Déléris, & Souchon, in press).
Table 1 describes values obtained at 1 Hz within the linear visco-
elastic domain for the storage modulus (G0

1Hz), loss modulus
(G00

1Hz) and complex viscosity (h1Hz
* ).

2.4. Food bolus sampling

The same group of volunteers was asked to produce bolus from
the four rennetmodel products and from250/40/NGwhich had also
a gel-like behaviour (G0 >G00, see Table 1). Samples of 7 g of food



Table 1
Model dairy products’ composition and textural measurements.

Sample Composition Rheological properties

Texture profile analysis Small amplitude oscillation test

Milk retentate
powder (g/kg)

Fat (g/kg) Fat
(g/100 g DM)

Rennet
addition

Firmness (N) Adhesivity
(mNmm)

Cohesion (e) G0
1Hz (Pa) G00

1Hz (Pa) h1Hz
* (Pa s)

150/0/NG 150 0 0 � ND ND ND 6.7� 10�2 1.4� 10�1 2.6� 10�1

150/40/NG 150 100 40 � ND ND ND 2.9� 10�1 8.1� 10�1 1.4� 100

250/0/NG 250 0 0 � ND ND ND 9.5� 10�1 4.2� 100 6.8� 100

250/40/NG 250 166 40 � ND ND ND 3.5� 103 4.3� 102 5.6� 103

150/0 150 0 0 þ 1.2 15 0.55 1.3� 103 2.6� 102 2.0� 102

150/40 150 100 40 þ 1.0 155 0.36 3.6� 103 7.4� 102 5.8� 102

250/0 250 0 0 þ 3.7 139 0.53 1.0� 104 2.1� 103 1.6� 103

250/40 250 166 40 þ 4.2 503 0.40 2.3� 104 4.7� 103 3.7� 103

DM: dry matter.
ND: non determined (liquid samples).
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product were given to the subjects. They were instructed to eat
a biscuit in order to stimulated saliva, rinse their mouth three times
with water, and then put the complete sample into themouth, taste
and before swallowing, spit once into a previously weighed
container. The experiment was done twice for each product.
2.5. Food bolus evaluation

The weight of food introduced in the mouth (Mfood) and the
weight of spit bolus (Mspit_bolus) were first determined and used to
calculate the following parameters (Fig. 1).

2.5.1. Food and spit bolus dry matter content
Dry matter content of food (DMfood) and spit bolus (DMspit_bolus)

were determined after dehydration in an oven at 103 �C during
24 h. The dry weights of food and spit were determined (M(d)food

and M(d)spit_bolus respectively) and dry matter content was calcu-
lated as followed:

DMfood ¼ MðdÞfood
Mfood

(1)
Fig. 1. Notations and scheme explaining calculations used to determine the w
DMspit bolus ¼ MðdÞspit bolus

M
(2)
spit bolus

As we assumed that all dry matter in bolus came only from
consumed food sample (and not from saliva), we also had:

MðdÞfood in spit ¼ MðdÞspit bolus (3)

2.5.2. Amount of food remaining in the mouth after the spit
When a panelist was asked to produce a bolus, he put a known

weight of food (Mfood) in his mouth, chewed it and finally spit
before swallowing. However, some food sometimes remained in
the mouth, so Mfood can be divided into a first part incorporated
into the spit bolus (Mfood_in_spit) and a second part remaining in the
mouth (Mfood_in_mouth) (see Fig. 1).

Mfood ¼ Mfood in spit þMfood in mouth (4)

MðdÞfood ¼ MðdÞfood in spit þMðdÞfood in mouth (5)
eight (M) of food remaining in the mouth and bolus hydration by saliva.
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We can calculate the weight of food solids remaining in the
mouth:

MðdÞfood in mouth ¼ MðdÞfood �MðdÞfood in spit

¼ Mfood � DMfood �Mspit � DMspit (6)

Finally, the weight of wet food remaining in the mouth can be
calculated from the dry matter food content:

Mfood in mouth ¼ MðdÞfood in mouth

DMfood
(7)

2.5.3. Amount of saliva incorporated into the bolus
The quantity of saliva (Msaliva_in_spit) incorporated into the bolus

was determined from bolus weight:

Msaliva in spit ¼ Mspit bolus �Mfood in spit (8)

Mfood_in_spit was calculated from equations (2) and (3) as
followed:

Mfood in spit ¼ MðdÞfood in spit

DMfood
¼ MðdÞspit bolus

DMfood

¼ Mspit bolus � DMspit bolus

DMfood
(9)

The ratio of saliva added in the bolus was finally determined:

- respect to wet food sample (hw):

hw ¼ Msaliva in spit

Mfood in spit
(10)
- respect to food solid content (hs):

hs ¼ Msaliva in spit

MðdÞfood in spit
(11)
Fig. 2. Typical force/distance curve obtained during bolus compression.
2.5.4. pH of bolus
The pH of bolus (pHbolus) was measured and the change on pH

due to saliva incorporation (DpH) was calculated taking into
account the pH of the bolus and the pH of initial food (pHfood).

DpH ¼ pHbolus � pHfood (12)

2.5.5. Bolus spreading and rheological behaviour
Spreading and rheological properties of bolus were studied

using a texturometer (TAXT2i Texture Analyzer, Stable Micro
Systems, UK).

2.5.5.1. Initial spreading area and height. A given weight of fresh
bolus was taken in a 20 ml and 20 mm diameter syringe cut at its
end and carefully deposited on a plate. Depending on its consis-
tency, the bolus spread more or less under the effect of gravity. The
initial surface (Si) of bolus wasmeasured just after its deposit on the
plate, using a photography and image analysis (Optimas 6, Media
Cybernetics, USA). Height of bolus (H) before spreading was also
measured with a ruler.

2.5.5.2. Spreading after compression. Bolus was then compressed
between two plates. The upper plate moved down with a constant
velocity of 5 mm/s until a compression force of 1 N was reached,
maintained this position for 0.3 s and finally moved up. This
protocol was used in order tomimic the displacement of the tongue
and the compression of bolus between tongue and palate (Mossaz
et al., 2010). After compression, the final bolus surface (Sf) was
measured and the surface increase (DS) due to compression was
calculated:

DS ¼ Sf � Si
Si

� 100

2.5.5.3. Forceedisplacement curve analysis. The forceedisplace-
ment curve obtained during compression was used to obtain
information on bolus rheological properties. A typical example is
presented in Fig. 2. Rigidity was calculated from the initial slope of
the force/distance curve and is therefore comparable to a Young
modulus. Work of spreading corresponded to the area under the
compression curve and work of adhesion to the negative area due
to the adhesion of bolus during plate detachment.

2.6. Liquid samples evaluation

Whole stimulated saliva was collected as described above, but
sample was not centrifuged. It was kept at 4 �C in an ice container
until it was used within the next hour. Saliva sample was incor-
porated at 10% in each liquid model food product (150/0/NG, 150/
40/NG, 250/0/NG). After mixing liquid food with saliva 10 s with
a vortex, the apparent viscosity was measured at 37 �C during
5 min at a constant shear rate (10 s�1), using a controlled-stress
rheometer (MCR301, Anton Paar) equipped with concentric cylin-
ders (outer diameter 27 mm).

2.7. Data processing and analysis

The influences of subject and stimulation on the different vari-
ables from saliva measurements were assessed by analysis of
variance (ANOVA). The same test was performed to analyze the
effect of subject and product on bolus variables. When significant
differences were observed between products (p< 0.05), the
mean values were compared using the StudenteNewmaneKeuls
multiple comparison test. Correlation matrices were used to
analyze the correlations among the different variables into each
group, for saliva or bolus parameters. In order to relate product,
saliva and bolus characteristics, correlation coefficients were also
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calculated, first for all the data, and then product by product and
subject by subject. XLStat software was used for all statistical
analysis.

3. Results and discussion

3.1. Characteristics of stimulated and un-stimulated saliva

The influences of subject and stimulation on saliva parameters,
analyzed by ANOVA, are presented in Table 2. Significant subject
and stimulation effects (p< 0.05) were observed for almost all
saliva parameters. The medium values of the different measure-
ments for stimulated and un-stimulated saliva are also presented in
Table 2.

The values of pH (from 7.45 to 7.84) and flow (from 0.91 to
2.58 ml/min) for stimulated saliva and pH (from 6.13 to 7.65) and
flow (from 0.38 to 0.97 ml/min) for un-stimulated saliva were
similar to that observed previously (Davidson, Linforth, & Taylor,
1998; Engelen et al., 2003; Humphrey & Williamson, 2001). Both
total protein content for stimulated saliva (1.01e2.20 mg/ml) and
for un-stimulated saliva (0.84e2.65 mg/ml), resulted in values in
the same range as those described elsewhere in whole saliva
(Rayment, Liu, Offner, Oppenheim, & Troxler, 2000) or parotid
saliva (Neyraud, Heinzerling, Bult, Mesmin, & Dransfield, 2009).
Buffer capacity was highly correlated with conductivity, i.e. ion
concentrations in saliva, both in stimulated and un-stimulated
saliva (r2¼ 0.884).

The enzymatic activities were consistent with data found in
literature and confirmed the presence of proteolytic (Helmerhorst
& Oppenheim, 2007), lipolytic (Stewart et al., 2010) and lysozy-
mal activities (Chauncey, Lionetti, Winer, & Lisanti, 1954) in stim-
ulated and un-stimulated saliva.

3.2. Bolus analysis

The effects of subject and product were analyzed using ANOVA.
The statistical results are shown in Table 3, where the significant p
values are presented. The medium values of the different charac-
teristics of bolus, obtained for each sample are also shown in Table
3 and examples of photos of bolus before and after compression are
shown in Fig. 3.

3.2.1. Influence of product in bolus formation
The type of food sample affected all measured parameters,

except for the quantity of food remaining in the mouth and the
variation of pH. It was observed that the presence of fat decreased
the amount of saliva incorporated into the bolus (water content,
saliva incorporation and hydration ratio hs), but also increased the
work of adhesion during compression test. The amount of protein
decreased the water content of bolus and increased the self-
standing properties of bolus (initial height).
Table 2
Panelist and stimulation effects on saliva characteristics obtained by ANOVA and mean va

Statistical analyses

Subject effect
(p value)

Stim
(p v

Flow (mg/min) p< 0.0001 p<

pH p< 0.0001 p<

Buffer capacity (pH unit) p¼ 0.004 p<

Conductivity (mS/cm) p¼ 0.02 p¼
Protein (mg/ml) p¼ 0.007 NS
Lysozymal activity (U/ml) NS p<

Proteolytic activity (mg/ml of trypsin eq) p< 0.0001 p¼
Lipolytic activity (pkat/ml) p¼ 0.01 p¼
3.2.2. Influence of subject in bolus formation
The subject had a significant effect on almost all the bolus

variables. Statistical analyses were also performed subject by
subject. Despite the little number of subjects, it was possible to
distinguish between two different trends of behaviors. First of all,
some subjects added a higher quantity of saliva into the bolus,
which led to higher water content and hydration ratio, but also
a higher variation in pH. As a result, the quantity of food remaining
in mouth after spiting was lower. In terms of bolus rheology, these
persons produced a more spreadable bolus (the initial height was
lower and the work of spreading was lower), but also a more
adhesive bolus. The second group had an opposite behaviour,
adding a lower quantity of saliva, spiting a less complete bolus and
producing a more self-standing bolus.

3.2.3. Incorporation of saliva into the bolus
The water content of bolus followed the same order than the

water content of initial food products: the higher dry matter
content of food was, the higher dry matter content of bolus was.
However, 150/40 and 250/0 had the same dry matter content, but
150/40 led to a significantly less hydrated bolus, which can also be
seen regarding the amount of saliva incorporated. The non renne-
ted sample (250/40/NG) induced less incorporation of saliva into
the bolus, probably because it did not require any mastication and
stayed a shorter time in the mouth. When related to dry matter
sample content (hs), more salivawas incorporated into the bolus for
non fat samples than for fat samples. This could also be seen in
Fig. 3, where bolus from sample 150/0 before compression had
saliva around the solids and was heterogeneous in relation to the
others. It was also possible to observe that after compression both
samples with 150 g/kg of skim milk retentate powder were less
homogeneous, suggesting they had more saliva incorporated or
that saliva was less mixed with the sample.

3.2.4. Relationships among the different bolus parameters
The correlation matrix obtained for bolus characteristics is

presented in Table 4. Significant correlations were observed in each
group of measurements (only significant correlations, evidenced by
bold values in Table 4, will be described in this part). All parameters
related to addition of saliva into the bolus (weight of saliva incor-
porated, hw and hs) were positively correlated. Bolus water content
was positively correlated with saliva incorporation (r2¼ 0.429) and
hydration ratios (hs: r2¼ 0.656, hw: r2¼ 0.439). Bolus pH and DpH
were positively correlated (r2¼ 0.746). Concerning rheological
properties, as expected the initial bolus height was inversely
correlated with the initial surface (r2¼ 0.741), but positively
correlated with the work of spreading (r2¼ 0.833) and bolus
rigidity (r2¼ 0.681). Work of spreading was correlated to bolus
rigidity (r2¼ 0.881). Finally, the work of adhesion was negatively
correlated with bolus water content (r2¼ 0.578): higher bolus dry
matter content led to a higher adhesivity.
lues of physicochemical characteristics of un-stimulated saliva and stimulated saliva.

Saliva measurements

ulation effect
alue)

Un-stimulated saliva
(mean value� SD)

Stimulated saliva
(mean value� SD)

0.0001 0.57� 0.18 1.76� 0.49
0.0001 7.20� 0.42 7.60� 0.13
0.0001 3.44� 0.40 4.46� 0.92
0.02 3452� 496 3898� 591

1.76� 0.58 1.60� 0.33
0.0001 268� 67 180� 53
0.000 2.22� 0.85 2.87� 0.63
0.08 0.28� 0.25 0.53� 0.63



Table 3
Panelist and product effects on saliva characteristics obtained by ANOVA and mean values of physicochemical characteristics of bolus from the different products.

Measurements Statistical analyses Products

Unit Product effect Subject effect 150/0 150/40 250/0 250/40 250/40/NG

Food remaining in the mouth M(d)food_in_mouth g p¼ 0.03 p¼ 0.09 0.18a 0.23a 0.28a 0.54a 0.64a
Mfood_in_mouth g NS p¼ 0.05 0.96a 0.92a 1.15a 1.35a 1.58a

Bolus hydration by saliva Bolus water content e p< 0.0001 p< 0.0001 0.85a 0.77c 0.79b 0.66d 0.62e
Saliva incorporation g p< 0.0001 p< 0.0001 1.16a 0.73b 1.19a 1.19a 0.46c
hw e p¼ 0.01 p¼ 0.003 0.19a 0.11ab 0.18a 0.20a 0.07b
hs e p¼ 0.003 p¼ 0.05 1.07a 0.46bc 0.75ab 0.48bc 0.16c

pH Bolus pH e p¼ 0.003 p¼ 0.01 6.44a 6.47a 6.36ab 6.45a 6.30b
DpH e NS p¼ 0.01 0.03a 0.05a 0.08a 0.07a 0.07a

Spreading ability Initial height cm p< 0.0001 p¼ 0.003 0.40c 0.47c 0.74b 1.07a 0.26d
Initial surface cm2 p< 0.0001 p¼ 0.04 3.70b 4.06b 3.35b 2.40c 6.77a
Final surface cm2 p< 0.0001 p¼ 0.002 5.92c 7.64b 5.21c 4.54c 9.66a
Surface increase e p¼ 0.02 NS 0.64ab 0.90a 0.60ab 0.93a 0.43b

Rheological properties Work of spreading A.U. p< 0.0001 p< 0.0001 0.62c 0.55d 0.69b 1.1a 0.49d
Work of adhesion A.U. p< 0.0001 p¼ 0.01 0.05* 0.17* 0.07* 0.13* 0.29*
Rigidity A.U. p< 0.0001 p¼ 0.007 0.11b 0.09b 0.10b 0.44a 0.12b

Different letters in the same row indicate significant difference (p< 0.05), using ANOVA.
* In that case, a product � subject interaction was observed.
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3.2.5. Influence of food and saliva variables on bolus characteristics
In order to relate food, saliva and bolus properties, correla-

tion matrices were calculated using the whole database, but also
product by product to evidence saliva influence and subject by
subject to evidence product influence on bolus properties.

The food textural characteristics influenced many of bolus
rheological parameters: there was a direct relationship between
food storage modulus (G0), firmness and adhesivity and:

- bolus self-standing (initial height) (r2¼ 0.891 for G0, r2¼ 0.797
for firmness and r2¼ 0.795 for adhesivity)
Fig. 3. Photos showing bolus spreading before (bolus was sampled with a syringe cut at its e
subjects are presented as examples.
- work of spreading (r2¼ 0.835 for G0, r2¼ 0.693 for firmness and
r2¼ 0.807 for adhesivity)

- bolus rigidity (r2¼ 0.830 for G0, r2¼ 0.666 for firmness and
r2¼ 0.930 for adhesivity).

pHbolus was correlated with pHfood (r2¼ 0.659). The bolus water
content was highly correlated with food composition, especially
water content (r2¼ 0.962) but also inversely correlated with food
complex viscosity (r2¼ 0.937) and adhesivity (r2¼ 0.777). For 3
subjects, the hydration ratio hs was correlated with sample cohe-
sion: this suggested that when the sample was more cohesive,
nd and deposited on a plate) and after compression. 2 Different boluses produced by 2
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more saliva was necessary to transform food product into a bolus
ready to be swallowed. Finally, M(d)food_in_mouth was positively
correlated with food dry matter content (r2¼ 0.681) and complex
viscosity (r2¼ 0.698).

If food texture properties explained some differences observed
in bolus properties, it was nevertheless difficult to relate them to
saliva properties. However, some correlations appeared between
lysozyme activity and several bolus measurements: a higher
lysozyme activity seemed to be inversely correlated with the
amount of saliva incorporated in the bolus (r2¼ 0.656), the vari-
ation of bolus pH (r2¼ 0.658), the bolus water content (r2> 0.9 for
3 products), hydration by saliva (r2> 0.9 for 3 products) and higher
rheological properties (initial height before spreading (r2> 0.8 for
3 products), work of spreading (r2> 0.9 for 3 products) and rigidity
(r2> 0.8 for 3 products)). For 3 products (150/40, 250/0 and 250/
40), the water content and hydration ratios were correlated with
the salivary flow (r2> 0.7). As these products were the firmest
gels, they required longer mastication time and in that case the
amount of saliva incorporated in the bolus was related with
individual salivary flow.
3.3. Effect of saliva on bolus viscosity for liquid samples

The liquid products were diluted and mixed with water or
saliva and the resulting apparent viscosity was measured at 10 s�1

during 5 min, in order to study the effect of saliva on food sample.
The results obtained for 2 different subjects are presented in Fig. 4
as an example. For non-diluted products, a slight decrease of
viscosity in time was observed for all samples, because of the
thixotropic behaviour of samples. As expected, the apparent
viscosity decreased after dilution with water. Concerning dilution
with saliva, two different cases were observed, depending on
subjects. For the first subject (J1), the apparent viscosity of the mix
sample/saliva had an intermediate value between sample and
sample/water viscosity. Silletti, Vingerhoeds, van Aken, and Norde
(2008) found that parotid saliva had a shear-rate independent
viscosity slightly higher than water, with a mean value of 2 mPa s.
Although parotid saliva does not contain mucins, whole stimulated
saliva contains mucins and has a shear-thinning behaviour, with
a high elasticity (Stokes & Davies, 2007). The difference in water
and saliva viscosity explained why dilution with water always led
to a mixture with a lower viscosity. For the second subject (J2),
mixing sample with saliva produced a bolus with a higher
viscosity than initial sample, probably because of a higher mucin
concentration in saliva. A peak in viscosity was observed in that
case, because of the elastic properties of saliva (Stokes & Davies,
2007). The mix viscosity was dominated here by saliva rheology
and not by product rheology. Apparent viscosity values were
measured at 10 s�1 and the steady state value was not reached for
all mixtures after 300 s, which can probably explain these high
viscosity values.

When comparedwith dilution by water, no decrease of viscosity
with time was observed when saliva was added to liquid sample,
indicating that in these conditions no potential effect of enzymatic
activity was observed in our experimental conditions. The most
likely sources of proteolytic enzymes in whole saliva are derived
from oral microbiota, gingival fluid and epithelial cells
(Helmerhorst, Alagl, Siqueira, & Oppenheim, 2006). Although the
proteolytic activity is important for saliva protein hydrolysis, like
histatins with high content of lysine and arginine residues which
makes these proteins extremely susceptible to tryptic-like diges-
tion (Helmerhorst et al., 2006), this enzymatic activity seemed to
have no visible effect on these dairy liquid products in a very short
time.
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Fig. 4. Apparent viscosity of liquid products and their mixtures with water or saliva.
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3.4. To go further with these results: relation with salty perception

This work was a preliminary study, carried out on a small
number of subjects, to highlight interindividual differences in bolus
formation related to some saliva characteristics. These results could
also be used to explain some results related to stimuli perception in
this type of dairy products. It was shown in another paper
(Panouillé et al., in press) that product composition and texture had
an influence on salty perception. Samples 250/40/NG and 150/40
were perceived as significantly more salty than the other gels (150/
0, 250/0 and 250/40). If we considered bolus properties evidenced
here, the 2 samples 250/40/NG and 150/40 were those which were
less hydrated by saliva, but also more spreadable. As less saliva was
added, the relative salt concentration in saliva was probably higher,
which could lead to a higher perception of salt. Moreover, the high
spreadability could lead to a higher surface of mucous membrane
covered by product, i.e. a higher exchange area between salt and
receptors in the tongue.
4. Conclusion

This work showed that differences in saliva properties, such as
those emerging from individual differences and differences
between products, relate to differences in food bolus properties.
These differences in food bolus properties may well be related to
differences in perceived sensory properties and may affect masti-
cation processes. Our results pointed out the necessity to take into
account saliva in modeling approaches on bolus formation or
stimuli release and perception. A first trial was done to relate
product, saliva and bolus properties in model dairy products.
Although it was not possible to show that saliva enzymatic activi-
ties were involved in structural changes influencing bolus rheo-
logical properties, they could possibly influence stimuli release and
perception. Studies implying a larger number of subjects are now
required to go further in the understanding of saliva role in bolus
formation and perception.
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