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Abstract: Astringency is an important sensory characteristic of food and beverages containing polyphenols. However, astringency perception in elderly people has not been documented. The aim of
the present work was to evaluate sensitivity to astringency as a function of age and salivary flow.
Fifty-four panellists, including 30 elderly people (age=75±4.2 years) and 24 young people
(age=29.4±3.8 years), participated in this study. Astringency sensitivity was evaluated by the 2-alternative forced choice (2-AFC) procedure using tannic acid solutions. Whole saliva was collected
for 5 min before and after sensory tests. The results showed that the astringency threshold was significantly higher in the elderly group than in the young group. Moreover, a negative correlation
between salivary flow and threshold was observed in the young group only. These results showed
a difference in oral astringency perception as a function of age for the first time. This difference can
be linked to salivary properties that differ as a function of age.
Keywords: astringency; threshold; saliva; elderly; tannic acid

1. Introduction
Dietary polyphenols are a class of compounds present in some foods and beverages,
such as vegetables, nuts, unripe fruits, wine and tea [1-3]. They are of great interest for the
food industry because of their potential beneficial effects on health, particularly for the
ageing population [4, 5]. In food and beverages, polyphenols, especially tannins, can elicit
astringency, which is perceived as a quality parameter and desired at balanced levels depending on the food products [6-8]. In contrast, above a certain intensity, astringency is
usually described as a unpleasant oral sensation [9], limiting the use and promotion of
polyphenols at moderate levels in food despite their health benefits [10]. It should also be
considered that at high levels, tannins can also have antinutritional effects [11]. Several
mechanisms have been proposed for astringency [10] onset, but recent results indicate that
it most likely relies on the interactions of tannins with the mucosal pellicle [9, 12], causing
the aggregation of this thin layer of salivary proteins anchored at the surface of the oral
mucosa via their interaction with MUC1, a transmembrane protein [13]. This aggregation
has been correlated with an increase in the friction forces at the surface of epithelial cells
[9]. This observation indicates that the mucosal pellicle loses its lubricating properties during the aggregation process. In this hypothesis, astringency can be modulated by the
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presence of proline-rich proteins (PRPs) in saliva. Indeed, PRPs, which are secreted by the
parotid glands, bind and scavenge tannins [14], giving them the ability to protect the mucosal pellicle against tannin aggregation. The perception of astringency is not confined to
a particular region of the mouth or tongue and is perceived as a diffuse stimulus. It is
basically a dynamic process that continuously changes or evolves to reach a maximum
intensity, which may require 15 s or more to develop fully [15]. Thus, astringency is often
the last sensation detected [16]. Moreover, Lyman found that the perception of mouth
dryness increases with repeated exposures to an astringent stimulus, which suggests that
astringency is a cumulative sensation [17]. In agreement with the hypothesis proposed
above, this observation suggests that repeated exposure to tannins increases the number
of tannins bound to the mucosal pellicle.
Regarding the effect of ageing on astringency perception, the literature is quite scarce,
although ageing is a common main factor that affects flavour perception [18-20]. Beyond
this overall effect of age on chemosensory abilities, ageing is accompanied by interindividual variability in olfactory performance scores and, to a lesser degree, in taste performance scores [21].
Reasons for these modifications on olfactory and taste perception can be linked to
changes in oral physiology with age. Indeed, in the elderly population, the cumulative
eﬀects of physiological ageing, diseases and drugs frequently impact the diﬀerent aspects
of oral physiology that are of great importance in taste and aroma sensitivity and thus
eating behaviour [18, 22]. In particular, ageing may often be accompanied by a decrease
in salivary ﬂow or changes in salivary composition, which can lead to dry mouth or xerostomia. Hyposalivation is common among older adults due to an age-related decline in
salivary gland function; other causes of hyposalivation include medications and systemic
diseases [23]. Recently, Descamps et al. [24] determined an average 38.5% reduction in
resting salivary flow and a 38% reduction in stimulated salivary flow in healthy elderly
people compared to young adults. This salivary hypofunction in elderly individuals can
lead to changes in aroma and taste perception [25] [26, 27] and, more globally, in food
consumption [22].
In the context of the world population becoming older and ageing well, the main objective of this study was to investigate the sensitivity to astringency as a function of age
and salivary flow. For this purpose, a 2-alternative forced choice (2-AFC) methodology
was applied to estimate astringency sensitivity in young and elderly panels while evaluating salivary flow. Relationships between salivary flow and sensitivity as a function of
age are discussed.
2. Materials and Methods
This study was approved on 31 October 2019 by the Ethical Committee CCP Ile de
France IV under the number 2019-A02434-53.
2.1

Materials

Solutions for rinsing consisted of 0.1% pectin (Sigma-Aldrich, France) and 1% bicarbonate (Gilbert, France) dissolved in Evian water at room temperature.
Solutions for the sensory training session consisted of six taste solutions (salty, sour,
sweet, bitter, umami, and astringent), whose composition is detailed in Table S1 (supplementary material). Each solution was coded with random three-digit codes.
Solutions for astringency sensitivity evaluation consisted of four solutions with increasing tannic acid concentrations (in g/L) with a multiple of 3.05, i.e., 0.02, 0.062, 0.188,
and 0.574, respectively. These concentrations were chosen on the basis of preliminary experiments performed with a small internal panel of subjects. All samples were prepared
in Evian water 1 hour before testing at room temperature. Since potassium alum has not
been allowed in sensory studies, tannic acid was used as a component to evaluate astringency because it has been described as less bitter than other polyphenols, such as gallic
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acid and catechin [28], and thus limits confusion between astringency and bitter. This was
confirmed during preliminary tests.
2.2

Sensory analysis

Fifty-four panellists, including 30 elderly (O) people and 24 young (Y) people, were
recruited to participate in the sensory sessions. The panel is described in Table 3. The
number of subjects was determined by a power test. Based on preliminary results obtained on the internal panel, a number of at least 23 subjects per group (Y or O) was necessary to observe a difference equal to at least one standard deviation between the groups.
More subjects were recruited in case of defection.
2.3

Training session

The first training session was divided into two parts. During the first part, subjects
received 20 mL of each tasting sample in a fixed order at room temperature in plastic cups
coded with random numbers. They were instructed to put the samples into their mouths,
swirl the sample gently in the mouth for 30 s, spit it out and judge which taste it was.
Between samples, subjects rinsed their mouth with Evian water and then waited for 1 min
before the next sample. In the second part, subjects were trained for the 2-AFC procedure
using astringency stimuli as described below.
During both parts of the training session, there was a discussion between subjects
and experimenters after each test. The objective for the experimenters was to be sure that
subjects were able to (i) clearly identify and differentiate astringency from other sensory
sensations, in particular bitterness, and (ii) perfectly understood the procedure of the sensory test, i.e., the 2-AFC to be used later.
The whole session was conducted under red light to eliminate colour differences.
2.4

Testing session

The whole session was conducted under red light at room temperature in a sensory
room equipped with individual boxes.
At the beginning of each session, panellists were asked to taste a model tannic acid
solution of 1.76 g/L to be well aware of astringency. Then, they rinsed their mouths with
pectin, bicarbonate and Evian water [29] and waited for a 3 min break before threshold
evaluation.
The astringency threshold was evaluated by a 2-AFC procedure with ascending concentrations of tannic acid as described above in the Materials section. In each 2-AFC
presentation, two samples were presented: one was the target sample, and one was the
control. Each 2-AFC test was performed 3 times, and evaluation was performed 3 times
in 3 different sessions. Pair samples (5 mL) were presented in balanced order following a
Latin square (Williams design) at room temperature in a white plastic cup coded with the
letter A or B. The testing procedure started from the lowest concentration. Panellists were
given the reference or stimulus sample. They were asked to put the samples into their
mouth, swirl them gently around the mouth for 30 s and then spit them out. They rinsed
their mouths with pectin and waited for 1 min before evaluating the second sample. After
one additional minute, the panellists were asked to indicate which sample was perceived
as astringent. Then, the panellists rinsed their mouth with pectin, bicarbonate and Evian
water before performing another 2-AFC test.
The sensitivity level was reached when three correct answers from the same concentration were achieved. The best estimate threshold for each subject was evaluated as the
geometric mean of the three correctly answered concentrations and the previous lower
concentration. When subjects correctly identified the lowest concentration (0.02 g/l), the
geometric means were calculated between this concentration and the theoretical concentration below, i.e., 0.02/3.05=0.0065 g/l. In contrast, when subjects did not correctly identify
the highest concentration (0.574 g/l), the geometric mean was calculated between this concentration and the theoretical concentration above, i.e., 0.574*3.05=1.75 g/l.
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Saliva collection

Whole saliva was collected after the panellists had rinsed their mouths with 0.1%
pectin, 1% bicarbonate and water at the start (SFStart) and at the end (SFEnd) of the session. Saliva was collected by expectorating saliva into a pre-weighed tube with a cap for
5 min as described previously [30]. After collection, the tubes were weighed and then
stored at -80 °C. Flow rates were determined gravimetrically and expressed as grams per
minute (g/min).
2.6

Statistical analysis

Non-parametric analyses were conducted. Mann-Whitney U tests were performed to
evaluate differences between Y and O subjects regarding sensory and salivary parameters.
Wilcoxon tests were performed to evaluate differences between SFStart and SFEnd. Friedman ANOVA was conducted on threshold and salivary flux measurements to evaluate
differences between the three sessions. Spearman rank order correlations were performed
for the whole group and in each group (Y and O) to evaluate relationships between salivary and sensory parameters. The significancy was set at p < 0.05. These tests were performed using Statistica® version 13.5.0.17, 1984-2018 TIBCO Software Inc.
3. Results
3.1. Salivary flow rate
No significant differences were observed between sessions regarding SFStart and
SFEnd for either group Y (SFStart: Friedman chi2=0.75, p=0.68; SFEnd: Friedman
chi2=0.75, p=0.68) or group O (SFStart: Friedman chi2=5.2, p=0.07; SFEnd: Friedman
chi2=1.3, p=0.53) or between the mean SFStart and mean SFEnd for the Y (Z=0.68, p=0.492)
and O groups (Z=1.49, p=0.135). For this reason, we decided to merge both variables into
a unique variable, i.e., mean salivary flow (SF). SF values are presented in Figure 1. With
regard to the comparison of salivary flow rate, there was no significant difference in SF
between the Y and O groups (Z =1.66, p=0.09) (Table 1).

Figure 1: Box-plot distributions of whole salivary flux as a function of age category (young (Y) and elderly (O)) are shown.
The bottom and top of the box correspond to the 25th and 75th percentiles, respectively. The horizontal band and the blue
diamond correspond to the median and the mean, respectively. The ends of the whiskers represent the non-outlier range.
The X symbol corresponds to individual data points.
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Table 1. Characteristics of the young and elderly panels

Y (n=24, 18 Males/6 Females)
Characteristic

O (n=320, 16 Males/14 Females)

Mean

Median

Range

SD

Mean

Median

Range

SD

Age (years)

29.4

30

24-35

3.8

75

73.5

70-87

4.23

SFStart (ml/min)

0.47

0.47

0.26-0.73

0.14

0.44

0.36

0.23-1

0.24

SFEnd (ml/min)

0.51

0.45

0.23-1.03

0.21

0.41

0.33

0.19-0.91

0.23

SF (ml/min)

0.49

0.47

0.27-0.82

0.16

0.42

0.35

0.11-0.92

0.23

Threshold (g/L)

0.29

0.2

0.04-1.00

0.26

0.41

0.35

0.06-0.78

0.24

SD: standard deviation of the mean
3.2

Astringency threshold

No significant differences were observed between the three sessions regarding astringency thresholds for either group Y (Friedman chi2=1.13, p=0.56) or group O (Friedman chi2=1.14, p=0.56).
A significant difference was observed between the Y and O groups (Z=-2.5, P=0.0110).
The O group showed a higher mean astringency threshold than the Y group (Table 1,
Figure 2).

Figure 2: Box-plot distributions of threshold values as a function of age category (young (Y) and elderly (O)) are shown.
The bottom and top of the box correspond to the 25th and 75th percentiles, respectively. The horizontal band and the blue
diamond correspond to the median and the mean, respectively. The ends of the whiskers represent non-outlier ranges.
The X symbol corresponds to individual data points.

3.3

Correlation between astringency threshold and flow rate

The Spearman correlation was not significant in the whole panel (r=-0.16, p=0.242) or
the O (r=0.14, p=0.47) group. However, a significant and negative correlation was observed in the young (Y) group (r=-0.44, p=0.029), where higher salivary flow was associated with a lower threshold (Figure 3).

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2021

doi:10.20944/preprints202103.0624.v1

Figure 3: Spearman correlation between astringency threshold and whole salivary flux observed in the group of young
panelists. The plain line corresponds to fitted data. The dotted line corresponds to the confidence interval at 95%. The X
symbol corresponds to individual data points.

4. Discussion
Astringency is a complex group of sensations involving drying, roughing and puckering of the oral surface, mucosa and muscles around the mouth. To the best of our
knowledge, very few studies have investigated sensitivity to astringency as a function of
age. In this study, it was observed for the first time that the astringency threshold was
significantly higher in elderly participants than in young participants. In other words,
young adults are more sensitive to astringency than elderly adults.
Differences in salivary properties can explain differences regarding taste sensitivity
and, in particular, the flux. Indeed, saliva is present in the oral cavity and constantly
bathes the taste buds on the tongue, where it can interact with sensory stimulants and
play a role in taste, smell, and chemosensation [31, 32]. In regard to astringency, the salivary flow rate has been reported to modulate its perception [33], i.e., subjects with low
salivary flow rated astringency higher and recorded a longer duration of astringent aftertaste than subjects with a high salivary flow. It has been proposed that there is a negative
correlation between resting salivary flow and astringency perceived intensity [34]. Moreover, a subject group with a high salivary ﬂow rate was shown to perceive astringency
intensity at a signiﬁcantly lower level than a low ﬂow rate group [35].
In the present study, this negative relationship was significantly observed in the
young panel only, which is in accordance with the studies mentioned previously. However, we did not observe such relationships in the elderly group or a difference in salivary
flow between the Y and O groups, which should explain the difference in sensitivity between the two groups. These observations suggest that the role of saliva in astringency
sensitivity as a function of age should be linked to other salivary parameters, such as its
protein composition and, in particular, the level of PRPs.
Indeed, the secretion of basic proline-rich proteins (bPRPs) in mammalian saliva has
been shown to be related to the tannin content of the mammalian diet [36]. In humans, an
increase in PRPs has been observed in relation to the level of exposure to polyphenols
during consumption of chocolate in the diet [37]. Moreover, bPRPs have a high aﬃnity
for tannins [38] and, as such, are proteins identified as contributing potentially to astringency perception in humans, while their role in the underlying mechanism of this perception is still under debate [9]. In one study it was proposed that the aggregation of bPRP
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by tannins triggers astringency perception [39]. However, the function of bPRP is more
likely to scavenge and neutralize tannins, as they do not have essential amino acids in
their sequence [36]. In agreement with this hypothesis, it has been shown that the removal
of saliva increases the perceived intensity of astringency. Thus, bPRP, by scavenging tannins, more likely protects the mucosal pellicle against tannins and thus decreases the perception of astringency. In regard to the effect of age, there is a paucity of information describing salivary bPRP amount during the human life span. Exploring salivary exocrine
protein secretion in 220 adults, Baum et al. [40] did not find a change in PRP secretion
during ageing, but this study considered only acidic PRP. Thoroughly exploring the relation between the bPRP pattern of secretion in the ageing population and astringency sensitivity deserves further investigation.
5. Conclusions
In summary, the present study highlighted the sensory analysis of astringency perception sensitivity as a function of age and saliva from a panel formed by 30 elderly people
and 24 young people using the 2-AFC method with four tannic acid concentrations. This
work has demonstrated for the first time the difference in the astringency threshold between young and elderly people. We conclude that the astringency threshold was higher
in the elderly group than in the young group. In regard to the salivary flow rate, there
were no significant differences between the young and elderly groups. However, a correlation between salivary flow and threshold was observed only for young individuals,
which suggests that salivary properties that influence astringency sensitivity in elderly
individuals are different.
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