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Abstract

It was assessed the reliability of an assay aimed at measuring the suprathreshold intensity and acceptability for chicken
broth containing different amounts of sodium chloride, according to the criteria of temporal stability, among adults.
Both intensity and acceptability were measured using a 9-point scale (“not salty at all” to “extremely salty” for intensity
and “dislike it extremely” to “like it extremely” for acceptability). Results indicated that the intensity ratings increased
gradually throughout the nine concentrations ranging from 1.7 to 7.9. The highest level of acceptability corresponds
to the concentration of 255 mg of Na/100ml with a rating score of 6.3. The intensity and acceptability values varied
greatly among concentration and participants. The temporal stability was assessed over a period of 7 to 15 days. There
was no statistically significant difference between the two sessions for the suprathreshold and acceptability scores,
regardless of the concentration. The Intraclass Correlation Coefficient (ICC) was significant for one concentration in the
intensity scores (ICC = 0.54) and for 4 out of 6 concentrations of the acceptability scores, varying from 0.35 to 0.64. The
test covers a range of concentrations consistent with sodium levels found in commercially available products. Due to

the limited number of subjects in this study, further work is needed to better describe its measurement properties.
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Highlights

o Suprathreshold intensity and acceptability showed great variability from one sodium concentration to

another
e Maximum acceptability was attained for Campbell’s 30% Less Sodium Chicken Broth

e Results inform the number of subjects needed for future studies

1 Introduction

Excessive salt (sodium chloride) intake remains a major public health problem and is the target of many
organizations, such as the World Health Organization (WHO) with its global strategy on diet, physical
activity, and health, for which reduction of salt remains a primary objective (Waxman, 2004; World Health
Organization, 2020). The average salt intake around the world is estimated at 10 grams per day (World Health
Organization, 2020), exceeding by twofold the recommended maximum intake of 5 grams/day (World Health
Organization, 2012; O’Donnell et al., 2020). Excessive dietary salt intake is associated with blood pressure
elevation, which is also a major risk factor for stroke and other cardiovascular pathologies as well as kidney
disease and long-term mortality (Cook et al., 2016; Tagawa et al., 2021). Also, salt intake is associated with
B-type natriuretic peptide levels, which may constitute a surrogate marker reflecting salt-induced heart
diseases (Ohashi et al., 2021). On the other hand, a reduction in dietary salt intake leads to a considerable

reduction in blood pressure, especially in hypertensive patients (He et al., 2013).

A better understanding of factors influencing salt consumption - whether at an individual or population
level - is essential in developing effective interventions aimed at reducing salt intake. Among these factors,
eating behavior, which includes the consumption of salty foods, is a complex phenomenon that is influenced
by several factors. These factors include psychological, cultural, socioeconomic, and environmental
components, as well as dietary habits, sensory properties, and acceptability/preference for certain kinds of
foods. Moreover, people differ in their sensory functions due to genetic, physiological (e.g., gender, aging,
hormones), and dietary/nutritional factors that contribute to the diversity of consumer preferences
(Barragan et al., 2018; Chamoun et al., 2018; Dias et al., 2013; Donaldson et al., 2009; Methven et al., 2012;
Noh et al., 2013; Tepper, 2008).

Interestingly, by enhancing other aromatic ingredients and reducing bitterness, sodium contributes
substantially to the taste of food and increases acceptance (Dd&tsch et al., 2009). Human salt taste receptors
can, however, adapt to low salt concentrations (Blais et al., 1986), making it possible to achieve small,
stepwise reductions in sodium content in food without altering acceptance. After 2 to 3 months of sodium
restriction, the acceptance of low-sodium foods increases, and the level of preferred salt in food decreases
(Mattes, 1997). Achieving these results requires a deeper understanding of the complex relationship between

the sensory properties of salt and its consumption.

Some studies have investigated the link between actual salt intake and sensory properties for salt taste,
such as detection and recognition thresholds, suprathreshold intensity, and preference/acceptability for

salty foods. Other studies have attempted to assess the impact of a modification to salt consumption on
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different sensory properties. Thus, some authors have observed that a reduction in salt intake over a few
months resulted in an increase in the suprathreshold for salty foods, as well as a decrease in appreciation
for these same foods (Bertino et al., 1982, 1986). Bertino et al. (1986) also observed the opposite effect
during an increased salt intake over a few weeks. Other authors have found that a decrease in the sodium
diet over a few weeks or months resulted in an increased preference for a low-salt food, without
modifications in the detection or recognition thresholds (DiNicolantonio et al., 1984; Gillum et al., 1981).
However, one study failed to establish the effect of changing the salt diet on sensory properties (Bobowski
& Mennella, 2019).

On the other hand, some studies have instead sought to know whether the inter-individual differences that
exist in sensory properties resulted in a different salt intake. The study conducted by Cattaneo et al. (2019)
demonstrated that individuals with a higher recognition threshold for salt consumed more salty foods.
Cho et al. (2016) have substantiated that groups presenting higher detection and recognition thresholds, as
well as an increased preference for salt, demonstrated greater salt consumption. This observation was also
shown for patients with renal impairment, i.e. a positive correlation between preference for salty foods and
salt consumption (Kim et al., 2016, 2018). Interestingly, high thresholds for salt perception were recently
reported to be inversely associated with salt intake and blood pressure, suggesting a relationship between salt

taste properties, salt consumption, and blood pressure (Kudo et al., 2021).

Other studies such as Hayes et al. (2010) highlighted the complex relationship between certain phenotypes
comprising taste papillac number, sensitivity to bitterness (PROP status), suprathreshold for salt, preference
for salty foods, and actual salt consumption. These authors suggest that the taste papillae number, as well as
the ability to perceive bitterness positively influences the suprathreshold for salt and acceptability for salty

foods, and conclusively, the consumption of salt per se.

Likewise, some researchers have suggested that individual differences in sensory properties for salt - such
as detection and recognition threshold and suprathreshold intensity, as well as the acceptability/preference
for salty foods could influence salt intake and thus impact blood pressure and cardiovascular disease (CVD)
risk (Hayes etal., 2010; Drewnowskietal., 1996; Fischeretal., 2012; Kimetal,, 2017; Pilic &

Mavrommatis, 2018).

However, some studies have failed to establish a relationship between sensory properties and actual salt
consumption (Drewnowski et al., 1996; Kim et al., 2017; Pilic & Mavrommatis, 2018; Inoue et al., 2017,
Kubota et al., 2018). The lack of consensus may be due to insensitivity in methods used to assess sodium
intake (Mattes, 1997) or in the variations of methods chosen to evaluate the salt sensitivity phenotype as well
as their measurement properties. Thus, the real impact of individual sensory differences for salt,
preference/acceptability for salty foods, actual salt intake, and the associated cardiovascular risk deserve to

be investigated.

It is recommended that assays used to characterize sensory properties be first evaluated for their
measurement properties (Koster et al., 2003). Accordingly, this study assesses the reliability based on the
criteria of temporal stability of a simple and practical assay measuring both suprathreshold intensity and
acceptability for chicken broth containing different sodium chloride concentrations. These tests will be useful

for studies intending to explore the relationship between hedonic aspects and salt intake.
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2 Materials and methods
2.1 Subjects and test conditions

Thirty nonsmoking adults participated in this study. Three subjects were excluded from the analysis
because they did not receive the samples in the pre-established order during the retest. Consequently, 27
subjects were analyzed (9 males, 18 females; average age = 38.9 years, Standard Deviation (SD) = 11.8;
ranging from 21 to 64). Subjects with anosmia/ageusia or problems affecting the taste function (such as flu-
like syndrome) at the time of enrollment were excluded from the study. No subjects had prior involvement
with the measurement of taste thresholds. Subjects completed the test—retest within 6 to 17 days (mean of 9.3
days, SD = 3.4). Before the test, subjects were advised that fasting was not necessary, but that they had to
restrain from eating, drinking, chewing, or brushing their teeth at least 1 hour before the procedure; water
was permitted. The tests were conducted in a quiet and private room equipped with a sensory analysis booth,
in order to eliminate auditory and other sensory stimulation, as recommended in international guidelines for
sensory analysis (Association Francaise de Normalisation, 1987). Room temperature was controlled at 22 °C.

The duration of the assay, performed one subject at a time, was approximately 10 to 15 minutes.

2.2 Materials

The chloride sodium was purchased from Merck (EMPROVE® EXPERT Ph Eur, BP, JP, USP) and broth
is the Campbell's chicken broth (no salt added; 27 mg of sodium/100 ml). The water used for rinsing was
purchased from Puretap Water Distillers Ltd. (Mississauga, Ontario).

2.3 Acceptability (hedonic) and suprathreshold intensity for salty foods

Suprathreshold intensity and acceptability (hedonic) for salty foods were assessed using chicken broth
containing six different concentrations of sodium (27 (no salt added), 140, 255, 370, 485, and 714 mg of
Na/100 ml). All six concentrations were presented monadically (i.e., one at a time) to participants in a
counterbalanced order. The first concentration was repeated at the end to reduce the effect of the serving
order. In total, seven samples were given, yet the first one was discarded from analysis (Lawless & Heymann,
2010). The sample was the same for each participant in both sessions. Each sample contained 10 mL of
preheated (70 °C) chicken broth served in 30 mL plastic cups. For each sample, participants were asked to
assess the intensity of saltiness (intensity scale) and the degree of acceptability (hedonic scale) according to
a 9-point category scale (Lawless & Heymann, 2010). For the saltiness intensity, the scale was graduated
from “not salty at all” to “extremely salty” while the acceptability scale was graduated from “dislike it
extremely” to “like it extremely”. The participants were asked to rinse their mouths with distilled water

between each sample and wait 30 seconds after swallowing each solution.

2.4 Ethical aspects

This project was approved by the local ethics committee (2013-2127, 20908), and all participants provided
a written informed-consent form (ICF). The participants received no financial compensation. Our study

complies with the Declaration of Helsinki for Medical Research Involving Human Subjects.
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2.5 Data analysis

All the results obtained were doubly entered in a database created in the REDCap international database.
SPSS statistical package, version 23, (SPSS Inc, Chicago, IL) was used to analyze the data. Data were
descriptively analyzed and then the measurement properties were assessed. For the analyses, the data from the
9-point category scales were assigned values of one through nine and then analyzed using parametric statistics.
The proportion of agreement between the test and retest results was estimated for both the suprathreshold
intensity and acceptability using a paired t-Test to assess the difference between the means scores and Intraclass
Correlation Coefficient (ICC). ICC estimates and the 95% of Confident Intervals (CI) were calculated based on
a single measurement, absolute-agreement, two-way, mixed-effects model. Values less than 0.5 are indicative
of poor reliability, values between 0.5 and 0.75 indicate moderate reliability, values between 0.75 and 0.9
indicate good reliability, and values greater than 0.90 indicate excellent reliability (Watkins, 2009).

3 Results

3.1 Intensity and acceptability rating

Figure 1 shows the results for perceived suprathreshold intensity (Figure 1A) and acceptability (Figure 1B)
for the six chicken broth samples containing increasing sodium chloride concentration (data obtained during
the first session). The perceived salt intensity increased continuously with higher salt concentrations, ranging
from an average of 1.7 for the lowest to 7.9 for the highest. For acceptability, the relationship between liking
and sodium concentrations forms an inverted U shape. The level of appreciation increased first to a maximum

of 6.3 at a concentration of 255 mg of Na/100 ml of chicken broth and decreased thereafter.
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Statistical analyses are one-way ANOVA with the Tukey-Kramer adjustment for multiple comparisons in a MIXED model due to the
heterogeneity of variance. **P<0.01; ***P<0.001.
! Intensity scale : 1 ="not salty at all” and 9 = “extremely salty”.
2 Concentration level : 1 =27,2 =140, 3=255,4=370,5=485and 6 =714 mg of Na/100 ml of broth.

Figure 1A. Perceived intensity of broth’s salty taste according to sample’s concentration.
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Statistical analyses are one-way ANOVA with the Tukey-Kramer adjustment for multiple comparisons in a MIXED model due to the

heterogeneity of variance. *P<0.05; **P<0.01; ***P<0.001.
! Hedonic scale : 1 = “dislike it extremely™ and 9 = “like it extremely” .
? Concentration level : 1 =27, 2 = 140, 3 = 255, 4 = 370, 5 = 485 and 6 = 714 mg of Na/100 ml of broth.

Figure 1B. Appreciation of the broth according to the sample’s concentration.

3.2 Reliability of the assay

The temporal stability was assessed for both intensity and acceptability ratings. Table 1 gives the mean +
SD of the intensity and acceptability scores for each salt concentration in sessions 1 and 2, the absolute
difference of the scores between both sessions, as well as the associated ICC (95% CI) for each concentration.
There was no statistically significant difference in the scores of suprathreshold and acceptability between the
two sessions no matter the concentration. Regarding the ICC, for the intensity scores, it was significant only
for the concentration of 255 mg of Na/100 ml (ICC = 0.54 with 95% CI = 0.21-0.76). For the acceptability
scores, the agreement was confirmed for 4 out of 6 concentrations and ranges from poor to good reliability
(ICC=0.35 with 95% CI =-0.01-0.63 for the concentration of 255 mg of Na/100 ml to ICC = 0.64 with 95%

CI = 0.34-0.82 for the concentration of 140 mg of Na/100 ml).

Table 1. Suprathreshold intensity and acceptability at sessions 1 and 2 and the associated Intraclass Correlation

Coefficient (ICC).
Suprathreshold intensity Acceptability
Sodium Absolute Intraclass Absolute Intraclass
trati Sessi i i
C(():lcge;lllol;)an:l(;n ession Mean Score = SD dll)feftevl;zzlcle Correlation Mean Score = SD dl;feffvl;zlelrcle Correlation
. Coefficient (95% CI) . (95% CI)
sessions sessions
Session 1 1.7+1.0 NS 28£1.5 NS «
27 Session 2 2 0L 14 10.3] 0.21 (-0.19, 0.55) 33201 10.5] 0.52(0.18, 0.75)
Session 1 31+1.5 NS 4.8+2.1 NS «
140 Session 2 20112 10.2] 0.29 (-0.10, 0.60) 48219 10.0] 0.64 (0.34, 0.82)
Session 1 4.8+12 NS « 63+1.2 NS %
255 Session 2 16220 10.2] 0.54 (0.21, 0.76) 5818 10.5] 0.35(-0.01, 0.63)
Session 1 57+1.9 NS 58+1.7 [0.1NS 0.30 (-0.10, 0.61)
370 Session 2 58+18 0-1] 0.13 (-0.27, 0.49) 57+18
Session 1 73+1.1 NS 53£2.1 NS
485 Session 2 66118 10.7] 0.05 (-0.29, 0.40) 4717 10.6] 0.13 (-0.25, 0.47)
Session 1 79+14 NS 38+£1.8 NS «
714 Session 2 82100 10.3] -0.01 (-0.38, 0.37) 37519 [0.1] 0.53(0.18, 0.75)

NS: Not statistically significant (p-value > 0.05). *p-value < 0.05.
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4 Discussion

The purpose of this study was to develop and document the reliability of an assay aimed at measuring
the perceived suprathreshold intensity and the acceptability of a chicken broth containing increasing
concentrations of table salt. This assay was developed using a commercial chicken broth (Campbell’s
No Salt Added Ready to Use Chicken Broth) to which increasing amounts of salt were added. The
resultant concentrations ranged from no-salt added (27 mg of sodium/100 mL of broth), 30% less sodium
broth (255 mg of sodium/100 mL of broth), and regular sodium broth (370 mg of sodium/100 mL of
broth) to levels far above those typically found in commercial products (up to 714 mg of sodium/100
mL of broth) but below the level at which salt is an oral irritant (> 0.4 M or about 900 mg of Na/100 ml)
(Green & Gelhard, 1989).

We observed an increase in the perceived intensity throughout the 6 concentrations presented, ranging
between 1.7 and 7.9. This indicated that the range of concentrations selected for the assay was appropriate to
cover low to high salt perceived intensity. Concerning the acceptability, a past study reported that the
relationship between liking and sodium concentration takes the shape of an inverted U for liquid foods such
as broth: liking is initially low before rising to a peak and subsequently falling (Hayes et al., 2010). Our
results corroborated this observation. Interestingly, the two concentrations at which the maximum
acceptability was obtained (the third and the fourth concentrations corresponding to 255 and 370 mg
sodium/100 mL, respectively) corresponded to the concentration of Campbell’s 30% Less Sodium Chicken
Broth and the regular Campbell’s Sodium Chicken Broth products. More specifically, the concentration with
the highest acceptability in our study (255 of Na/100 ml) corresponded to the WHO global sodium benchmark
for soups, which reinforces the consistency of our test with the values targeted for consumption (World
Health Organization, 2021).

Our data regarding repeatability indicate that the agreement is most frequently observed for the
acceptability scores. The non-significance of poor to moderate ICC obtained in this study could be either due
to the lack of variability among the subjects, the small number of subjects, or both in addition to the low
degree of measurement agreement between the two sessions (Koo & Li, 2016). In a recent study,
Wanich et al. (2018) assessed the reliability at one week interval of a 9-point category scale used for liking
assessment of ten food products tasted in the laboratory. The ICC obtained in this study varied from 0.55 to
0.85. Interestingly, some authors tried to explain the reasons for the discrepancies observed between the
initial impression of a product and its final appreciation (Kdster et al., 2003). They first point out that this
change of preference over time would be more important for new and unfamiliar products. Second, saltiness
perception and acceptability/preference for salt depends on the matrix (for example, distilled water, aqueous
or solid food products) to which salt is added. To be relevant, studies aimed at establishing relationships
between sensory properties and salt consumption need to focus on foods widely consumed by the target
population. Our trial focused on a product (chicken broth) very familiar to and frequently consumed by the

study population.

This study presents notable strengths. One is the choice of the product used for the test. Chicken broth
is an item consumed by most of our population, which therefore facilitates its acceptability. In addition,
its matrix is a homogenous liquid simplifying the standardization of the sample preparation and

presentation to participants. Furthermore, another strength point remains in the use of a counterbalanced
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order method to present the samples: the six different concentrations and the repetition of the first
concentration as a seventh sample while eliminating the first sample from the analysis reduces the effect
of serving order (Lawless & Heymann, 2010). Lastly, the 9-point scale is very simple to use and to
implement. It has been widely studied and has been shown to be useful in the hedonic assessment of foods

and beverages (Lawless & Heymann, 2010).

A major limitation of this study is the insufficient number of subjects needed to compare the samples to
each other. Hough et al. proposed an approach for calculating the number of subjects necessary for sensory
acceptability studies in which standard error and difference in means targeted in the experiment are
considered as two important parameters (Hough et al., 2006). Based on a power of 0.90 and alpha of 0.05,
when using a 9-point scale, the number of subjects needed to detect a difference of 0.8 with a standard error
of 1.84 is 112 subjects. In our study, differences in rating scores between samples varied from 0.5 to 3.5 on
the 9-point scale, and the standard error varied from 1.2 to 2.1 (see Table 1). Thus, 27 subjects is insufficient
to detect a statistically significant difference for acceptability between chicken broth containing 255 versus
370 mg of Na/100 ml, considering the small difference of 0.5 in the rating score and a standard error of 1.2
to 1.7 in this experiment. The results of our study, however, inform us on important parameters that will be
useful in estimating the number of subjects needed for future studies. Interestingly, the results of the study
demonstrate the feasibility of performing the test in a large number of subjects due to its rapidity, as well as

its simplicity. These data are essential for planning future studies.

Conflicting results exist regarding the relationship between sensory functions such as detection and
recognition thresholds and suprathreshold intensity, appreciation for salty foods and their actual consumption
(Hayes et al., 2010; Drewnowski et al., 1996; Fischer etal., 2012). A better characterization of the
psychometric properties of these tools is essential to interpret critically the results obtained. The test
developed in our study is easy and quick to perform. It also measures two important properties to be
considered, namely suprathreshold and acceptability of salty foods. The test covers a range of concentrations

compatible with commercially available sodium levels.

5 Conclusion

The simple and easy assay to assess the hedonic aspect of salt intake by measuring the suprathreshold
intensity and acceptability for chicken broth containing different amounts of salt, demonstrated initial
evidence of reliability according to the temporal stability criterion. Due to the limited number of subjects in

this study, further work is needed to better describe its measurement properties.
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