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Diﬀerences in oral processing behavior of
consumers varying in age, gender and ethnicity
lead to changes in bolus properties but only to
small diﬀerences in dynamic texture perception of
sausages†
Monica G. Aguayo-Mendoza, *a,b Eduardo F. Martinez-Almaguer,b
Betina Piqueras-Fiszmanc and Markus Stiegera,d
Consumer characteristics such as age, gender and ethnicity inﬂuence food oral processing behavior. The
aim of this study was to determine the eﬀect of age, gender and ethnicity on consumption time, bolus
properties and dynamic sensory perception of sausages. Consumption time, bolus properties (saliva
incorporation, particle size distribution and rheological properties) and dynamic texture perception
(Temporal Dominance of Sensations, TDS) of sausages were compared between young Dutch,
Caucasians (n = 21; 22 ± 2.8 years), young Chinese, Asians (n = 21; 23 ± 1.6 years), and elderly Dutch,
Caucasians (n = 22; 70 ± 4.3 years). Elderly Dutch masticated the sausage 22% longer (25.6 s) than young
Dutch consumers (21.0 s). Elderly Dutch produced sausage boli that were softer, more adhesive, less
cohesive and contained more particles than those of young Dutch adults. Elderly females produced more
adhesive and less cohesive sausage bolus than males. Young Chinese females had 75.6% longer consumption time (29.5 s) than young Dutch females (16.8 s). Young Chinese males masticated the sausages
in less time (18.8 s) than young Chinese females (29.5 s). Young Chinese produced softer and less cohesive bolus with slightly smaller and more particles than young Dutch. Saliva incorporation and bolus particle size were not aﬀected by age, gender and ethnicity. Mediation analysis revealed that the eﬀect of
consumer characteristics such as age, gender and ethnicity on bolus properties was mediated by consumption time. At the beginning and end of consumption time, dynamic texture perception of sausages
was similar for all consumer groups and strongly correlated with bolus properties. Diﬀerences in dynamic
texture perception between consumer groups were observed only during the middle stages of mastica-
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tion with low dominance rates. We conclude that consumers diﬀering in age, gender and ethnicity vary in
oral processing time to produce bolus with textural properties optimized to their needs. Furthermore,
consumption time is the underlying mechanism that explains the diﬀerences in bolus properties between
the consumer groups. While variations in consumption time of sausages lead to considerable diﬀerences
in bolus properties, it only leads to small diﬀerences in dynamic texture perception.
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Introduction

In order to form a swallowable bolus, oral processing behavior
is adapted to the rheological and mechanical properties of
foods by modifying bite size, consumption time, number of
chews1,2 and/or muscle activity.3 Food oral processing behavior
also depends on consumer characteristics such as age, gender
and ethnicity. Several studies demonstrated that elderly masticate foods with more chewing cycles, longer chewing times
and lower eating rates than young consumers.4–7 Females chew
foods longer than males and take smaller bites leading to
lower eating rates than males.5,7–9 While the influence of age
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and gender on food oral processing behavior has been studied
extensively, little is known about the eﬀect of ethnicity on food
oral processing behavior. Recent studies indicated that bite
size and eating rate are lower in Asians than Caucasians.5
Diﬀerences in oral processing behavior may impact the structural transitions of the bolus during mastication and in turn
might impact sensory perception.10
The goal of oral processing is to achieve a ready and safe to
swallow bolus.11,12 Solid foods are broken down into many
small particles during oral processing and lubricated with
saliva and serum released from the food.13 The swallowing
threshold depends mainly on the level of structure breakdown
and the lubrication properties of the bolus. Bolus formation
and properties may be impacted by oral processing behavior,
so that diﬀerences in oral processing behavior contribute to
diﬀerences in bolus properties. How bolus properties evolve
during mastication and when the bolus is sensed as safe to
swallow may depend on individual characteristics of the consumer and may vary between groups of consumers.
During bolus formation in the oral cavity the sensory properties of the food are constantly evaluated. Dynamic perception of texture attributes may be linked to dynamic structural
transformations of the bolus. Diﬀerences in sensory perception upon changes in oral behavior have been reported previously for various foods.14,15 Currently, there is a lack of
understanding how diﬀerences in oral processing behaviour
between consumer groups lead to diﬀerences in bolus properties and consequently diﬀerences in sensory perception.
Such knowledge could provide insights to tailor foods towards
specific consumer groups based on consumer characteristics.
The aim of this study was to determine the influence of age,
gender and ethnicity on consumption time, bolus properties
and dynamic texture perception of sausages. Consumption
time was chosen as the variable to quantify oral processing behavior based on previous findings that show that consumption
time and bite size are the most relevant parameters for oral
processing.1,5 Bolus properties (saliva incorporation, particle
size distribution and rheological properties) were analyzed and
compared between consumer groups varying in age, gender
and ethnicity. Temporal dominance of sensations (TDS) was
used to compare dynamic texture perception of sausages
between consumer groups and to link bolus properties to
dynamic sensory perception.

2. Materials and methods
2.1

Subjects

Sixty-four subjects were recruited through social media and
printed advertisements: n = 21 young Dutch, Caucasians
(eleven females and ten males, 22 ± 2.8 years); n = 21 young
Chinese, Asians (twelve female and nine males, 23 ± 1.6 years)
living in The Netherlands and outside China for less than one
year; and n = 22 elderly Dutch, Caucasians (eleven females and
eleven males, 70 ± 4.3 years). All participants were healthy
(self-reported), without swallowing or mastication disorders
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and had good dental status with no missing teeth (except for
third molars or wisdom teeth). Prior to the study, potential
participants attended an information session and received a
written leaflet. After personal deliberation, subjects signed an
informed consent. Upon completion of the study all participants were reimbursed. The study was conducted in line with
the Declaration of Helsinki.
2.2

Test food and serving size

Commercially available canned hotdog sausages (Unox®
Hotdogs, Unilever, The Netherlands) were used. For bolus collection and sensory evaluations, hotdog sausages were cut into
cylinders of 20 mm diameter and 30 mm height with a constant weight of 7 g and served at room temperature without
further preparation.
2.3

Consumption time

Consumption time was measured per subject in triplicate to
determine consumption time corresponding to 100% of mastication of one sample. Participants were asked to chew it normally and to indicate the main swallowing moment by raising
a hand. The time needed to consume each sausage sample
was recorded by the researcher and the average time of three
replicates per participant determined. This average was considered 100% of mastication time of the participant.
2.4

Bolus collection and characterization

Collection of sausage boli was done in two sessions of 30 min
each. During each session, participants were instructed to
place the sausage sample (7 g) in their mouth, chew it as they
would normally do for their individual 33, 66 or 100% of mastication time, and expectorate the bolus in a coded container.
To provide participants with a comfortable atmosphere, bolus
collection sessions were held individually. The expectorated
sausage boli collected in the first session were used to determine particle size distribution and saliva incorporation.
Expectorated boli collected in the second session were used to
quantify rheological bolus properties.
2.4.1 Particle number and size analysis. Participants expectorated the sausage bolus directly into a Petri dish, then a glycerol–water (1 : 2) solution was added to the bolus allowing the
separation of bolus particles. To improve separation of particles further, they were gently manually separated with a
spatula. Petri dishes were placed on a scanner (CanonScan
9000F markII) and images obtained in greyscale (8 bit) with a
resolution of 1200 dpi. Images were analyzed using ImageJ
(National Institutes of Health, Version 1.51 g) and the median
particle size in μm (d50) and number of particles determined.
This procedure was done in duplicate per participant for each
expectoration time point (33, 66 and 100% mastication time).
2.4.2 Moisture content and bolus saliva incorporation. Boli
were expectorated into aluminium plates and wet bolus weight
was determined. Boli were dried for 16 h at 105 °C in an
atmospheric oven (Venti-line line, VWR®). After drying,
samples were weighed again. This procedure was done in
duplicate per participant and for each expectoration time
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point (33, 66 and 100% mastication time). Saliva content was
calculated following the method described by Drago et al.16
which takes into account the amount of food that remains in
the mouth after oral processing. The mass ratio of saliva incorporated into the bolus (mg) per gram of food masticated was
calculated (hw) as follows:
hw ¼

DMsample  1000
 1000:
DMspit bolus

2.4.3 Mechanical bolus properties determined by two cycle
penetration tests. To obtain boli with cylindrical shapes of
similar dimensions, participants expectorated bolus into a
35 mm diameter cup with a line marked at 25 mm height. Boli
surfaces were gently evened with the flat side of the plunger of a
50 mL syringe. Immediately after expectoration, boli were analyzed by a two-cycle penetration test using a Texture Analyzer
(TA. XT plus) equipped with a load cell of 5 kg and a cylindrical
steel probe of 20 mm diameter. Two successive penetration
cycles were performed at a constant speed of 5 mm s−1 up to
50% strain with a resting time of 5 s between both penetration
cycles. Three replicates were performed for all boli expectorated
after 33, 66 and 100% of mastication time of each participant.
From the two cycle penetration tests, maximum force (N) of first
penetration (firmness), negative area under force–time curve
(N s) between the moment that the probe is retrieved after first
penetration until second penetration (adhesiveness) and ratio
between area under the force–time curve of the second and first
penetration cycle (cohesiveness) were extracted.
2.5

jects performed a TDS test with a dummy sausage sample to
familiarize themselves with the sensory methodology and software used (EyeQuestion v3.9.7). Subjects were encouraged to
ask questions at any time during this familiarization session.
No further training was done in order to avoid biasing the oral
processing behavior of subjects.26
Sensory evaluation was performed in a well-lit room with a
portable separator used to create sensory booths. During one
session of 30 min, participants (n = 21 young Dutch,
Caucasians; n = 21 young Chinese, Asians; n = 22 elderly Dutch,
Caucasians) received a dummy sausage sample and the hotdog
sausage sample in triplicate (6 samples per session per subject).
A dummy sample was included for randomization and blinding
purposes since we were interested only in the texture evaluation
of one type of sausage. Hotdog sausage samples were presented
one by one on a plate labeled with three-digit codes following a
counterbalanced design. Participants were instructed to put the
sausage sample (7 g) into their mouth and click the start button
to begin the evaluation. The texture attributes were presented
simultaneously on a computer screen. Subjects were free to
select an attribute several times or to not select it at all throughout the evaluation. To facilitate the assessment and to avoid
confusion, attributes were presented in random order across the
panel but remained in the same position for a given panelist
during the whole session. Finally, participants pressed the stop
button to indicate the swallowing moment. Between samples
participants were asked to neutralize their palate by eating an
unsalted cracker and rinsing their mouth with water.

Sensory evaluation

2.5.1 Texture attribute generation. A preliminary list of 13
attributes describing texture perception of sausages was
obtained from literature.14,17–24 To generate the list of attributes used for Temporal Dominance of Sensation (TDS), these
13 attributes were evaluated by n = 43 subjects from the consumer groups using a Check-All-That-Apply evaluation of the
sausage. The eight most frequently checked texture attributes
(Table 1) were selected to be used in the TDS evaluation.
2.5.2 TDS evaluation. A 60 min familiarization session was
performed to introduce the concept of temporality of sensations and to explain the dominant sensation as “the attribute associated with the sensation catching the attention at a
given time, and not necessarily the attribute with the highest
intensity”.25 Afterwards, texture attributes were presented to
the subjects together with their definitions. In addition, sub-

Table 1

2.6

Data analysis

A two-way ANOVA was performed to determine the eﬀect of
gender and age and their interaction on consumption time
and bolus properties at the swallowing point (100% mastication time). Another two-way ANOVA was performed to determine the eﬀect of gender and ethnicity and their interaction
on consumption time and bolus properties at the swallowing
point (100% mastication time). Eﬀects were considered statistically significant at p < 0.05. When applicable, post-hoc analyses were performed with Bonferroni adjustment.
Mediation analyses were performed to determine the eﬀect
of age, gender and ethnicity on bolus properties (saliva incorporation, median particle size, particle number, hardness,
cohesiveness, adhesiveness) using consumption time as
mediator (Fig. 1).

Texture attributes and deﬁnitions used for TDS evaluation of hotdog sausages

Attribute

Definition

Firmness
Chewiness
Juiciness
Graininess
Smoothness
Fattiness
Slippery
Dryness

Force needed to bite through the sausage
Amount of work required to chew the sausage into a state that is ready to swallow
Water release from sausage perceived during mastication
From crumbly to granular particles in the mouth
Homogeneity of the sausage in the mouth
Perception of fat
Easiness to move the sausage in the mouth
Rough feeling in the mouth
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Fig. 1 Mediation model of age, gender and ethnicity as predictors for the outcome variables of bolus properties, mediated by the consumption
time. The regression coeﬃcients a, b, and c’ estimate the eﬀect of the predictor on the mediator, the eﬀect of the mediator on the outcome variable,
and the direct eﬀect of the predictor on the outcome variable, respectively.

The eﬀect of age and gender on bolus properties was determined between the groups of young Dutch (n = 21) and elderly
Dutch (n = 22). To determine the eﬀect of ethnicity on bolus
properties, young Dutch (n = 21) were compared to young
Chinese (n = 21). Indirect eﬀects were estimated by bootstrapping using 5000 bootstrap samples and reported with bias corrected confidence intervals. When the confidence intervals did
not include zero, mediation was considered existent. Data are
presented as mean ± standard error of the mean (SEM).
To illustrate the evolution of sensory perception, TDS
curves were built by plotting dominance rate ( proportion of
subjects who scored each attribute at each point of time as
dominant sensation) against consumption time. Data used to
build the curves were time standardized on a scale from 0
(starting point) to 100 (swallowing moment). Chance and significance level were calculated as described by Pineau.25
To investigate the relationships between bolus properties at
three expectoration times and dynamic texture perception
from TDS, a Multiple Factor Analysis (MFA) was performed
with two data matrices as active datasets. Bolus properties collected at the diﬀerent expectoration time points (33, 66 and
100% mastication time; see Appendix A.1) formed one data
matrix. The second matrix included the values of the cumulative dominance rate for each attribute at during three time
periods 33 (T0–T33), 66 (T34–T66) and 100 (T67–T100) of standardized consumption time. Cumulative dominance rate was
calculated by summing the significant dominance rates of
each attribute per period. Individuals’ graphs and correlations
circles were plotted for dimensions one and two.
Data analyses were performed in R v3.6.3. Two-way ANOVA
analyses were performed using rstatix package v0.4.0. TDS
curves and sensory trajectories were constructed using tempR
package v0.9.9.16. MFA analysis were performed with packages
FactoMineR v2.3 and factoextra v1.0.7. Mediation analysis was
performed using SPSS v24.0 and the PROCESS macro v3.00.

longer consumption time (25.6 ± 1.4 s) than young adults (21.0 ±
0.9 s) (Table 2). Gender significantly interacted with ethnicity
aﬀecting consumption time [F(1,122) = 15.21, p < 0.001]. Chinese
males (18.8 ± 1.1 s) had a shorter consumption time than
Chinese females (29.5 ± 1.8 s) [F(1,122) = 28.2, p < 0.001], and
Chinese females had longer consumption time (29.5 ± 1.8 s) than
Dutch females (16.8 ± 1.1 s) [F(1,122) = 44.4, p < 0.001] (Table 2).
3.2 Eﬀect of age, gender and ethnicity on bolus properties at
the swallowing point
Table 2 shows descriptive data of all consumer groups for the
measured bolus properties at swallowing point. Age had a significant main eﬀect on bolus hardness [F(1,125) = 5.79, p = 0.018]
among Dutch consumers with elderly producing softer bolus
(1.95 N) than young adults (2.30 N). Age significantly interacted
with gender aﬀecting bolus adhesiveness [F(1,122) = 6.09, p =
0.015], cohesiveness [F(1,125) = 4.32, p = 0.040], and number of
bolus particles [F(1,82) = 4.27, p = 0.042]. It was shown that elderly
Dutch females produced a more adhesive (0.05 N s) and less cohesive (0.37) bolus containing more particles (561) than young
Dutch females (0.03 N s, 0.41 and 381, respectively). Similarly,
elderly Dutch females produced more adhesive (0.05 N s) and less
cohesive (0.37) bolus than elderly Dutch males (0.03 N s and 0.39,
respectively). Young Dutch females produced fewer particles (381)
than young Dutch males (525). Age and gender did not have a significant eﬀect on saliva ratio hw and bolus particle size d50.
Ethnicity had a significant main eﬀect on bolus hardness
[F(1,125) = 6.79, p = 0.010], bolus cohesiveness [F(1,122) = 9.93,
p = 0.002], and particle size d50 [F(1,80) = 3.99, p = 0.049].
Chinese consumers produced softer (1.95 N), less cohesive
(0.38) bolus with slightly smaller particles (1940 μm) than
Dutch (2.31 N, 0.41, 1988 μm). Ethnicity significantly interacted with gender on number of particles [F(1,80) = 10.17, p <
0.001]. Chinese females produced bolus with more particles
(623) than Dutch females (381). Ethnicity did not have a significant eﬀect on bolus adhesiveness and saliva incorporation.

3. Results

3.3 Mediation eﬀect of consumption time on bolus
properties of consumers varying in age, gender and ethnicity

3.1

Table 3 shows the mediation coeﬃcients that represent the
eﬀects of age, gender and ethnicity on the diﬀerent bolus properties at the swallowing point. Age indirectly influenced saliva

Eﬀect of age, gender and ethnicity on consumption time

Age had a significant main eﬀect [F(1,125) = 27.37, p < 0.001] on
consumption time among Dutch consumers, with elderly having
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Table 2 Descriptive data (mean ± SE) of consumption time and bolus properties of consumers diﬀering in age (n = 22 elderly Dutch, n = 21 young
Dutch), ethnicity (n = 21 young Dutch, n = 21 young Chinese), and gender (n = 34 females, n = 30 males). Bolus data was collected at the swallowing
point (100% mastication time)

Young adults

Elderly

Chinese

Total consumption time (s)
Hardness (N)
Adhesiveness (N s)
Cohesiveness (−)
Particle size d50 (μm)
Number of particles (−)
Saliva ratio hw (−)

Dutch

Females

Males

Females

Males

Females

Males

29.5 ± 1.8
1.79 ± 0.1
0.04 ± 0.005
0.36 ± 0.01
1935 ± 28
623 ± 32
0.2 ± 0.02

18.8 ± 1.1
2.12 ± 0.13
0.04 ± 0.006
0.39 ± 0.01
1944 ± 27
555 ± 27
0.2 ± 0.01

16.8 ± 1.1
2.35 ± 0.13
0.03 ± 0.005
0.41 ± 0.01
2008 ± 25
381 ± 31
0.1 ± 0.02

17.2 ± 1.4
2.27 ± 0.21
0.03 ± 0.005
0.40 ± 0.01
1968 ± 19
526 ± 40
0.2 ± 0.01

27.6 ± 2.3
2.04 ± 0.1
0.05 ± 0.006
0.37 ± 0.01
1936 ± 20
561 ± 37
0.2 ± 0.02

23.5 ± 1.5
1.86 ± 0.14
0.03 ± 0.005
0.39 ± 0.01
1961 ± 16
538 ± 51
0.2 ± 0.04

Table 3 Path regression coeﬃcients and indirect eﬀects for mediation models. Regression coeﬃcients a, b, and c’ estimate the eﬀect of the predictor on the mediator, the eﬀect of the mediator on the outcome variable, and the direct eﬀect of the predictor on the outcome variable, respectively
(see Fig. 1). Indirect eﬀect indicates whether or not a predictor variable had an eﬀect on the outcome variable mediated by the consumption time.
When the conﬁdence intervals did not include zero, mediation was considered existent. Lower level conﬁdence interval (LLCI) and upper level conﬁdence interval (ULCI) are indicated

a

b

Coeﬃcient
Age
Saliva ratio hw
Hardness
Cohesiveness
Adhesiveness
Particle size d50
Number of particles

8.62
8.62
8.62
8.49
8.62
8.62

Gender
Saliva ratio hw
Hardness
Cohesiveness
Adhesiveness
Particle size d50
Number of particles

−1.77
−1.77
−1.77
−2.14
−1.77
−1.77

Ethnicity
Saliva ratio hw
Hardness
Cohesiveness
Adhesiveness
Particle size d50
Number of particles

7.91
7.91
7.91
7.78
7.91
7.91

c′

Indirect eﬀect

p value

Coeﬃcient

p value

Coeﬃcient

p value

Coeﬃcient

LLCI

ULCI

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0.01
−2.97
0.00
−0.20
0.00
7.89

<0.001
<0.001
<0.001
<0.001
0.29
<0.001

−0.01
−11.07
0.00
0.74
−0.03
31.88

0.61
0.49
0.82
0.10
0.18
0.46

0.04
−25.64
−0.02
−1.69
−0.01
68.04

0.02
−41.78
−0.03
−2.60
−0.03
27.86

0.08
−13.25
−0.14
−0.90
0.01
111.57

0.42
0.32
0.32
0.24
0.42
0.42

0.01
−3.30
0.00
−0.18
0.00
8.91

<0.001
<0.001
<0.001
<0.001
0.07
<0.001

0.04
−19.85
0.00
0.74
−0.01
76.56

0.08
0.17
0.69
0.07
0.59
0.05

−0.01
5.83
0.00
0.39
0.00
−15.74

−0.03
−5.89
0.00
−0.21
−0.01
−58.82

0.02
17.89
0.01
1.11
0.01
21.09

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0.00
−3.57
0.00
−0.11
0.00
6.70

<0.001
<0.001
<0.001
<0.001
0.68
0.00

0.00
−10.12
−0.01
−0.12
−0.04
90.75

0.92
0.50
0.36
0.83
0.12
0.02

0.03
−28.28
−0.02
−0.84
−0.01
53.01

0.01
−44.73
−0.03
−1.39
−0.03
12.86

0.05
−14.37
−0.01
−0.39
0.02
99.91

ratio, bolus hardness, cohesiveness, adhesiveness, particle size
and number of particles through its eﬀect on consumption
time but did not influence bolus particle size. Elderly had a
longer consumption time than young adults, and longer consumption time increased saliva ratio and number of particles in
the bolus, but decreased hardness, cohesiveness, adhesiveness
and particle size. The results of the mediation analysis did not
provide evidence that age influenced bolus properties independent of its eﬀect on consumption time. Similarly, gender did
not have an indirect eﬀect on bolus properties through consumption time in Dutch consumers.
Ethnicity had an indirect eﬀect on saliva ratio, bolus hardness, adhesiveness, cohesiveness, and number of particles
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mediated by consumption time. Chinese participants had a
longer consumption time than Dutch participants, and participants with a longer consumption time increased saliva ratio
and number of particles in the bolus, but decreased hardness,
cohesiveness, adhesiveness. The results of the mediation analysis did not provide evidence that ethnicity influenced bolus
properties independent of its eﬀect on consumption time.
3.4 Dynamic texture perception of consumers diﬀering in
age, gender and ethnicity
The TDS curves of the hotdog sausage for the consumer
groups diﬀering in age, gender and ethnicity are shown in
Fig. 2. Three to four texture attributes were selected as domi-
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Fig. 2 TDS curves showing texture attribute dominance rates of hotdog sausages in consumers diﬀering in age, gender, and ethnicity. (A and F)
show young Dutch; (B) elderly Dutch; (C) females; (D) males; (E) young Chinese.

nant sensations throughout the sensory evaluation by all consumer groups. The dominant texture attributes showed a clear
dynamic evolution over consumption time. Fig. 2A–F shows
that all consumer groups perceived the texture of the sausage
similar during the beginning (first third of normalized consumption time) and end of mastication (last third of normalized consumption time). The dominant texture sensation of
the hotdog sausage perceived by all consumer groups at the
beginning of mastication was firmness and at the end of mastication it was graininess. Only in the middle of mastication
(second third of normalized consumption time) diﬀerences in
dominant texture sensations were found between consumer
groups. It should be noted that dominant texture sensation
perceived in the second third of normalized consumption time
were significant but displayed low dominance rates for all consumer groups suggesting a low level of panel agreement. For
young Dutch adults (Fig. 2A/F) the dominant texture sensation
perceived during the second third of consumption time was
fattiness. For elderly Dutch the dominant texture sensation perceived during the second third of consumption time was
dryness followed by juiciness (Fig. 2B). When comparing the
dominant texture sensations between females and males
(Fig. 2C and D, respectively), diﬀerences are neglectable. Only
during the second third of consumption time small diﬀer-

This journal is © The Royal Society of Chemistry 2020

ences are perceived but attributes barely reach the significance
level. Fig. 2E and F show that Chinese consumers selected chewiness and dryness as dominant texture sensation during the
second third of consumption time, whereas Dutch consumers
selected fattiness.

3.5 Relationships between dynamic bolus properties and
dynamic texture perception
Multiple Factor Analysis (MFA) was used to explore the
relationships between dynamic bolus properties and dynamic
texture perception. Fig. 3 displays the first two dimensions of
the MFA, both dimensions together explain 59.1% of the variance in the data. Both groups of data contributed almost
equally to Dimension 1, while Dimension 2 was almost exclusively explained by the sensory attributes data. Fig. 3A shows
that consumer characteristics (age, gender and ethnicity) are
close to the origin of the MFA plot indicating that their contribution to the variance in the data is low. In contrast, the two
extreme mastication time points (33 and 100% mastication
times) at which bolus properties and texture perception were
determined (TDS data was split into three time periods 33 (T0–
T33), 66 (T34–T66) and 100 (T67–T100) of standardized consumption time, see section 2.6) are the main contributors to
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Fig. 3 A. MFA space (ﬁrst two components) from all consumer groups and mastication times 33, 66 and 100%. Label codes indicate consumer
characteristics and mastication time. First letter refers to age group (Y for young; E for elderly); second letter to ethnicity (D for Dutch; C for
Chinese); third letter to gender (M for male; F for female); and the number refers to 33, 66 or 100% of mastication time. B. Correlation circle displaying the relationships between variables of bolus properties (blue) and texture perception determined by TDS (yellow).

the variance in the data. Fig. 3B shows the correlation between
dynamic bolus properties and dynamic texture perception.
Overall, MFA shows that at 33% of mastication time, bolus
properties had high values of hardness, cohesiveness and d50.
These bolus properties were positively correlated among them
and with perception of texture attributes firmness and chewiness. At 66% of mastication time perception of fattiness and
smoothness were positively correlated with each other and
negatively correlated with dryness (as seen also in Fig. 2).
Relative to other attributes, fattiness and smoothness were the
attributes mostly reported within young Dutch consumers at
that point in time, whereas dryness was mainly reported by
elderly Dutch consumers. At 100% of mastication time, boli
were characterized by high amounts of saliva, high adhesiveness and large number of bolus particles. These bolus properties were positively correlated between them and with the
perception of graininess and juiciness.

4.

Discussion

The present study shows that for a fixed bite size of a hotdog
sausage, consumers diﬀering in age, gender and ethnicity
varied in consumption time. Diﬀerences in bolus properties
were influenced by age and ethnicity but these eﬀects were
mediated by consumption time. This demonstrates that consumption time is the underlying mechanism that explains the
diﬀerences in bolus properties between consumer groups.

10028 | Food Funct., 2020, 11, 10022–10032

We observed that elderly masticated the hotdog sausages
for longer times than young consumers, which is in line with
several previous studies showing that among healthy subjects
an increment in age is accompanied by an increment in consumption time regardless of the food characteristics.4–6,27 This
eﬀect has been attributed to a decline of bite28,29 and tongue
strength with ageing30 as well as a reduction in muscle activity
and density.31,32 Elderly produced a more degraded bolus than
young consumers. Thus, consumers diﬀering in age, modify
their consumption time and therefore the bolus properties at
swallowing point diﬀer considerably in order to reach a bolus
with an optimal state for safe and comfortable swallowing. An
age related prolongation of consumption time can be an adaptative mechanism not only to overcome the oral decline but
also to compensate for a less eﬃcient digestion.33 We note
that in our study bite size was fixed to 7 g of hotdog sausage;
however, under natural eating conditions, consumers might
also adapt their bite size to compensate for a decline in oral
capabilities, for example by taking smaller bites leading to
shorter consumption times. Our results diﬀer from previous
studies by Mioche and colleagues.34 They observed that older
populations swallow a bolus with lower degree of food structural breakdown. There is a major diﬀerence between that
study and our study regarding the selection criteria for the
dental status of the elderly. In our study only elderly consumers with full denture participated whereas in the study done
by Mioche, elderly with at least six pairs of post-canine teeth
were included. The worse dental status of the elderly partici-
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pants in Mioche’s study might have contributed to the lower
degree of structural breakdown of the foods at the moment of
swallowing.
Despite the observed changes in bolus properties between
young and elderly consumers, dynamic texture perception of
the sausage was similar between both groups. Both consumer
groups perceived firmness as the first dominant sensation for
the first third of consumption time, and with similar dominance rate. The second third of consumption time showed
minor diﬀerences between young and the elderly in dynamic
texture perception. In this period, elderly mainly perceived
dryness as dominant sensation, whereas for the young group
fattiness was dominant sensation. This period may provide
important sensory input to decide if longer mastication is
needed in order to reach the bolus lubrication threshold
needed for swallowing. Elderly have decreased saliva flow and
lower amounts of mucins (salivary proteins that contribute to
bolus formation) than younger adults.35,36 This means that to
reach the same amount of saliva incorporated in a bolus,
elderly would need to process the bolus for a longer period of
time. This explains why despite significant diﬀerences in consumption time, the amount of saliva incorporated into the
bolus at the swallowing point was not diﬀerent between both
age groups. During the last third of consumption time graininess was dominant sensation until the swallowing moment.
Graininess is an attribute that reflects the increased number of
fragments generated during mastication, where particles’ size
and shape are perceived assessing if they are small enough to
be swallow.37 The size of bolus particles is another factor that
has been suggested to influence the swallowing moment.
However, in our study size of bolus particles at the moment of
swallowing did not diﬀer between the two age groups.
Gender influenced consumption time but only in Chinese
consumers, where Chinese males had shorter consumption
time than Chinese females. On the other hand, consumption
time diﬀered between Dutch and Chinese but only in females
with Chinese females having longer consumption time than
Dutch females. Despite the often reported oral physiological
diﬀerences between males and females and between ethnic
groups,28,32,38–41 diﬀerences in food oral processing behavior
related to gender and ethnicity frequently show contrasting
results with some studies showing diﬀerences in food oral processing behavior5,9,39,42,43 and others not.7,44 Our study found
an interaction eﬀect between gender and ethnicity which may
help to explain why conflicting results are found in literature.
It is probable that (oral) physiological variations between
genders and ethnicities combined with cultural or environmental diﬀerences contribute to changes on consumption
time. For example, females are frequently taught to slow down
their eating rate and chew thoroughly, behavior that might not
be encouraged in males as often.8,9,45,46 This behavior might
be encouraged more often in traditional cultures. Based on the
observations made in this study, in order to find more consistent results, investigations about oral behavior should balance
the selection of subjects by gender and report or homogenize
ethnicity in order to avoid confounding eﬀects.
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The comparison between the bolus properties of Dutch and
Chinese showed that Chinese expectorated bolus that were
softer, less cohesive and contained more particles of slightly
smaller size than Dutch whereas the amount of saliva incorporated into the bolus did not diﬀered between both groups.
The diﬀerences found in bolus texture and bolus particle
characteristics might be related to lower mastication eﬃciency
of Chinese compared to Dutch.47 Thus, the elongation of consumption time can be a strategy to adapt for lower mastication
eﬃciency.
Dynamic texture perception diﬀered between ethnic groups,
only during the second third of consumption time. Dutch consumers perceived the sausage as fatty and Chinese as dry. The
diﬀerence in texture perception between the ethnicities may be
related to physiological factors and cultural expectations. The
first factor refers to diﬀerences in saliva flow rate between
these groups which have been reported previously with
Chinese having lower saliva flow rates than Dutch consumers.47 Perception of dryness by Chinese, similarly to what was
observed in elderly consumers, might contribute to prolongation of consumption time to compensate for low saliva
production. In a way that at the swallowing point both ethnicities reach a bolus with the same amount of saliva. The second
factor, cultural expectation, may be related to diﬀerences in
sensory properties between sausages consumed in China and
The Netherlands. Many sausages available in China might
contain a broad range of fat contents and fat particles might
be visible and large. Many sausages available in The
Netherlands tend to have lower fat content and typically
contain finely ground meat and emulsified fats.48 Thus, the
expectation of sensory properties of the sausage may be
diﬀerent between the Chinese and Dutch and may drive the
attention of both consumers towards diﬀerent texture
attributes.
Gender was the consumer characteristic that had the
weakest influence on bolus properties in this study. When
gender influenced bolus properties, the eﬀect was always interacting with age or ethnicity. For example, elderly females produced a more adhesive and cohesive bolus than elderly males.
Furthermore, among young Dutch consumers, females produced fewer bolus particles than young Dutch males. Similarly
to age and ethnicity, gender did not influence the amount of
saliva incorporated into the bolus and bolus particle size. It is
possible that both saliva incorporation and bolus particle size
are key determinants to trigger a swallow. Furthermore,
dynamic texture perception did not diﬀer considerably
between females and males.
Overall, for all consumer groups, relationships between
bolus properties and texture perception were found especially
at the beginning and end of consumption time (33 and 100%
mastication time). The first third of consumption time was
associated with bolus hardness, cohesiveness, bolus particle
size (d50) and with perception of firmness and chewiness. The
bolus properties observed at the beginning of consumption
time mainly represent the response of the food structure to
mechanical disruption imposed upon chewing.37 The positive
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correlation between instrumental bolus hardness and perception of firmness is in agreement with previous studies.49,50
Moreover, large particle sizes in foods have been associated
with an increment in perception of firmness and chewiness.51
The end of consumption time was associated with bolus
properties such as saliva ratio, adhesiveness, number of bolus
particles and with perception of graininess and juiciness. The
increased presence of saliva in the bolus is accompanied by
mucins and water, which together can increase the adhesiveness of the bolus contributing to agglomeration of bolus
particles.52,53 The large number of bolus particles produced
during the mastication process can lead to a grainy perception
as shown in the present study. To summarize, at the beginning
and end of consumption time dynamic texture perception of
sausages was similar for all consumer groups and strongly correlated with bolus properties. Minor diﬀerences in dynamic
texture perception between consumers groups were observed
only during the middle stages of mastication with low dominance rates. Consumers varying in age, gender and ethnicity
diﬀer in oral processing time of sausages to safely swallow
bolus with textural properties optimized for their needs.

5. Conclusion
We conclude that consumers diﬀering in age, gender or ethnicity diﬀer in consumption time in order to reach a bolus with
optimized textural properties that guarantee a safe and comfortable swallow. The eﬀect of consumer characteristics such
as age, gender and ethnicity on bolus properties is mediated
by consumption time. While diﬀerences in consumption time
of sausages leads to considerable diﬀerences in bolus properties, it leads only to small diﬀerences in dynamic texture
perception. Bolus properties and texture perception were
mainly correlated at the beginning and end of consumption
time. We suggest that the information provided in this study,
showing the bolus properties that are needed to enable a safe
and comfortable swallow in diﬀerent consumer groups, helps
to optimize foods by tailoring food texture properties towards
the needs of specific target groups.
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