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Thesis overview

Food preference and choice are affected by many interacting factors in humans (Monteleone et al., 2017).
These variables are related to the food (taste, odour, texture etc.), to the consumer (biological,
physiological, psychological and attitudinal factors) and to the external context (Koster, 2009).

Among the consumer variables, sensory sensitivity is intended as personal characteristic related to
individual differences in detection and reaction to sensory information (Dunn, 1999). It plays a pivotal
role in food preference and choice. Individual sensitivity to taste, and also to other oral sensations, shows
substantial variability between individuals, and many studies showed how these differences significantly
change food preference and consumption (Tuorila, 2007; Caton et al., 2014; Térnwall et al. 2014; Pirastu
et al., 2012, 2016). Indeed, several methods have been validated to measure the taste sensitivity, such as
PROP test (Bartoshuk, Duffy, & Miller, 1994; Zhao, Kirkmeyer, & Tepper, 2003), thresholds tests
(Martinez-Cordero, Malacara-Hernandez, & Martinez-Cordero, 2015), and perceived intensity
measurements (Jayasinghe et al., 2017). Across the years, these methods have been used to study the
relationships between taste sensitivity and food preference and choice (Kaminski, Henderson, and
Drewnowski, 2000; Coulthard and Blissett 2009; Tepper et al., 2009; Toérnwall et al., 2013; Masi,
Dinnella, Monteleone, and Prescott, 2015; Monteleone et al., 2017).

The same thing applies to odour sensitivity and its impact on food preferences. Examples of validated
methods to measure the odour sensitivity presenting high reliability are the “Sniffin' Sticks™ test
(Hummel, Sekinger, Wolf, Pauli, and Kobal, 1997), Smell Threshold Test™ (Doty 2000), the European
Test of Olfactory Capabilities (ETOC) (Thomas-Danguin et al., 2003), the Italian Olfactory Identification
Test (IOIT) (Maremmani et al., 2012). These methods have been largely used to investigate the role of
odour sensitivity on food preferences (Dematte et al., 2013; Guido et al., 2016; IJpma et al., 2016;
Schloss, Goldberger, Palmer, & Levitan, 2015).

However, besides tastes and odour, texture and trigeminal sensitivities, and how they could affect food
rejection or preferences and choice, is poorly investigated. The reason why little is known about texture
and trigeminal sensations is a missing standardized procedure to measure the individual sensitivities,
which uses real food products or food ingredients. Indeed, the methods that have been proposed across
the years, to study the texture sensitivity, do not involve food products, as it will be explained in the
following paragraphs.

So, with these premises, the aim of this PhD thesis was to develop a new approach to measure the
individual sensory sensitivities to specific key attributes, varied in different levels of intensity, by

conducting four cases study. Simultaneously, the effect of individual sensitivities on food preference and
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choice was also investigated.

The first case study aimed to develop the method to measure the texture sensitivity, using the graininess
as key-texture attribute. To this purpose, cocoa-based creams with different levels of graininess were
instrumentally characterized and evaluated by the consumers in terms of perceived graininess and liking.
Data showed that using the instrumental characterization to predict the individual sensitivity allows
clustering people according to their ability to discriminate different levels of graininess.

The second case study aimed to validate the approach used in the first one, using a larger sample of
consumers and measuring the sensitivity to the hardness, as key-texture attribute. To this purpose,
different jellies were developed by changing the concentration of the gelling agent, in order to obtain
different levels of hardness. Results confirmed that the developed statistical methodology can be used to
measure the sensitivity to any texture attribute that can be first analysed by means of instruments. Also,
individual characteristics, such as gender and age, showed to play an important role in hardness
perception and food liking.

The third case study aimed to use the approach developed in the first case study and validated in the
second one, to explore the role of the sensitivity to viscosity on food choice. According to the aim, several
pastry choco-creams were made by using different solid/liquid ratios, in order to obtain different
viscosities. After clustering people in three groups of sensitivity, a food choice index was calculated from
the Food Choice questionnaire developed on the basis of texture dichotomies. Data showed that, first,
once again, the proposed method is reproducible and can be used to measure the sensitivity to viscosity
as well. Secondly, different sensitivities led to different preferences and different texture choices.
Finally, the last case study aimed to explore the sparkling sensation, used as key-trigeminal attribute, in
order to determine how detection thresholds for and perception of sparkling sensations in carbonated
mineral water are affected by familiarity with carbonated beverages and individual consumer
characteristics. Data collected from consumers showed that detection thresholds of sparkling sensations
are independent of consumption behaviour and preferences for carbonated beverages. On the other hand,
liking and perception of sparkling intensity of carbonated mineral water were significantly affected by

the consumption frequency of sparkling water.

All in all data obtained in this thesis demonstrated that differences in texture and trigeminal perception
exist, the proposed methods are valid to measure them and the statistical approach is useful to cluster the
people with different sensitivities Also, individual characteristics, such as gender, age and consumption

behaviour, play an important role in individual sensitivities and food liking.



Chapter 1

Introduction



1. Introduction

1.1. Texture perception

Food texture has historically been considered those properties that are not covered in the classical
definitions for taste and flavor compounds. This includes the mechanical properties evaluated from the
force—deformation relationships, tactile sensations such as adhesion, in addition to visual and auditory
stimuli (Lawless & Heymann, 1998). The pivotal contribute of Alina Szczesniak allowed to define the
texture as a multi-parameter attribute, related to the structure of the foods and detected by several senses.
Furthermore, texture is the most complex sensory property because it involves the senses of vision,
hearing, touch and kinaesthetic (Szczesniak, 2002).

The complexity of this perception is because, in some cases, only one of those senses is needed to
perceive the related texture, but in other cases, the texture is perceived by a combination of two or more
senses. For example, the roughness of a fruit, such as orange, can be perceived by both visual and tactile
senses; the crispness of a potato chip is both a tactile and auditory textural perception (Vickers, 1987).
The complexity related to the texture is even more emphasized if one considers that texture perception
is a dynamic process in which the physicochemical properties of the food are continuously altered by
chewing, salivation, and, potentially, body temperature. The melting behavior of some foods in the mouth
is an easy example to explain the dynamicity of the texture. Hyde and Witherly (1993) proposed an “ice
cream effect”, to describe the phase change of the ice cream in the mouth, due to the manipulation and

the increased temperature in the oral cavity.

Even though, as stated above, texture can be perceived by several senses, the oral—tactile texture is
probably the main object of the studies conducted on texture perception. According to what reported by
van Vliet et al. (2009) the oral-tactile texture involves ingestion by the lips, biting by the front teeth,
chewing of hard foods by the molars, wetting with saliva and enzymatic breakdown, deformation of
semi-solid foods between the tongue and hard palate, manipulation of the food into a bolus by the tongue
and swallowing. The oral behavior, especially regarding solid foods, can be explained by the eating rates
(g/s), the number of chewing cycles and the time of consumption (s). Across the years, the oral behavior
and its effect on the texture perception have been largely described (Lucas et al., 2002; Bourne, 2004;
van der Bilt et al., 2006; Xu et al., 2008; Chen, 2009; Lenfant et al., 2009). The food oral processing not
only is dependent on the rheological and mechanical properties of foods (Hiiemae, 2004; Chen & Stokes,
2012), but it can also be different among the individuals, and consumer characteristics such as age,

gender, ethnicity and oral health strongly affect and contribute to oral behavior (Ketel et al., 2019).



In particular, with age, oral sensitivity decreases (Mioche et al., 2005) as well as other physiological
measures like fungiform papillae density (Calhoun et al., 1992; Bangcuyo & Simons, 2017), and more
in general, bite force, oral capacity and jaw muscle activity (Percival, Challacombe, & Marsh, 1994; Yeh,
Johnson, & Dodds, 1998; Youmans, Youmans, & Stierwalt, 2009; Alsanei and Chen, 2014; Laguna,
Sarkar, Artigas, & Chen, 2015). Moreover, dental health is determinant on the oral sensitivity when
natural teeth are replaced by prosthetic (Kremer et al., 2007), because the nerves involved in carrying the
feedback to the brain disappear (Trulsson, 2005; Trulsson & Johansson, 2002).

Also, considering the eating rates (g/s), the number of the chewing cycles and the time of consumption
(s) as the variables that can explain the oral sensitivity, males seem to be more sensitive than females.
Indeed, males show shorter chewing cycle durations (Nagasawa et al., 1997; Youssef, Throckmorton,
Ellis, & Sinn, 1997), shorter meal durations, lower number of chews, and higher eating rates (g/s) (Hill
& McCutcheon, 1984; Park & Shin, 2015) than females.

What is more, differences in eating processing lead to different saliva production, which consequently,
is differently incorporated into the food bolus (Yven et al., 2012), obtaining changes of the texture of the
food (Mioche et al. 2003; Pereira et al. 2006; Van Der Bilt, Engelen, Abbink, and Pereira, 2007). As a
further consequence, the texture is differently perceived according to different characteristics of the food
bolus (de Wijk, Terpstra, Janssen, & Prinz, 2006; Young, Cheong, Hedderley, Morgenstern, & James,
2013). Looking further into, texture perception is also affected by saliva composition (Engelen et al.,
2007; Salles et al., 2010).

In addition to these individual variables, food texture can be differently perceived according to the
preferred mouth behaviour (Devezeaux de Lavergne et al., 2015; Jeltema, Beckley, and Vahalik, 2014,
2015, 2016). It is true, indeed, that consumers follow individual strategies when masticating (Yven et al.,
2012).

Also, supplementary subjective factors, such as memory, expectation and emotional state, and context
variables such as the social background and the time of day, are an important determinant in texture
perception (Tanaka 1986; Engelen and Van der Bilt, 2007).

Finally, as it can be intuitive, the oral perception of the texture, strongly depends on the kind of product
which is handled in the mouth. Ingredients, production techniques and temperature of tasting, affect the

texture perception (Engelen and Bilt, 2007).

What stated above suggests that there are several factors, both product and subject-related, that can affect,
directly or indirectly, the texture perception. Moreover, many of the factors influence each other, which

makes the whole concept even more complex (Fig. 1).
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Therefore, in contrast to odor and taste, the absence of specific receptors dedicated to the texture, makes

the measurement of the texture sensitivity at very least tricky.

Product
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Experience : Mouth behavi
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Figure 1. Diagram of factors influencing food texture perception.

1.2 Texture and food preference

The main reason why people choose a food instead of another is the personal liking.

Besides taste, smell and appearance, texture plays a pivotal role on food preference (Moskowitz &
Krieger, 1995; Szczesniak, 1991; Scott & Downey, 2007).

On this base, across the years, several pieces of research have been conducted on describing and
measuring different texture attributes and studying the relationships with the food liking. The vast
majority of these studies statistically correlated the sensory results collected by trained panels, with
consumer liking (such as biscuits (Booth, Earl, & Mobini, 2003), candies (Kélvidinen, Schlich, &
Tuorila, 2000), cheese (Murray & Delahunty, 2000), liquid dairy (Richardson-Harmon et al., 2000)
stirred yogurt (Kora, Latrille, Souchon, & Martin, 2003), caramel (Steiner, Foegeding, & Drake, 2003),
almond (Vickers, Peck, Labuza, & Huang, 2014), meat (Pefiaranda et al., 2017), prebiotic white
chocolate (Ferreira, Azevedo, Luccas, & Andr, 2017), and many others.

By generally speaking, food that is tough, gummy, or slimy is disliked more often than food that is crispy
or crunchy (Szczesniak, 2002).



In the study conducted by (Sow & Grongnet, 2010), the relationship between texture attributes and
consumer preferences for five chicken meat in Guinea was found. In particular, results showed that
consumers’ preferences were mostly influenced by the chicken texture attributes such as tender and hard
than odour and flavour attributes.

In addition to meat, texture attributes strongly affect also the liking of vegetables. Indeed, Oltman, Y ates,
& Drake (2016) showed that firmness, slicing, wetness and juiciness were the main drivers for tomatoes
acceptance.

A similar study was conducted by Bord, Guerinon, & Lebecque (2017). They evaluated, by descriptive
analysis, raw and heated cheeses, in order to describe the sensory properties and to identify the sensory
keys drivers of liking and disliking which could explain the consumers’ preferences. From the consumer
test results, three clusters of consumers were identified with distinctive preference profiles. In particular,
the second cluster, 50% of consumers, liked only heated cheeses, for which texture was determined as
the main driver of liking.

Just as texture can be a driver for food appreciation, it can also lead the food rejection (Drewnowski,
1997) and be one of the strongest drivers of food aversion (Scott & Downey, 2007).

In the study conducted by Scott & Downey (2007), they identified a list of foods that people are more or
less averse to eating, and secondly, they grouped these foods in terms of their characteristics. As result,
they obtained three categories of food aversions: factor 1 included food items identified as Vegetables (7
items); factor 2 included six items identified as foods related to Texture/Appearance (including liver,
brussels sprouts, fish and oysters, tofu and soggy bread); factor three included four items: three types of
meat and mayonnaise; so it was identified as Meat/Fat foods. Furthermore, the results suggested that

people tend to be averse to specific texture of certain foods (e.g. oysters and liver).

So, if on the one hand a significant amount of research has been done to describe the texture, to group
consumers based on their texture preferences and to identify which textural attributes may drive liking,
on the other hand, little is known about what can drive the differences in texture rejection or preference.
Brown and Braxton (2000), for example, found that individuals use different mechanisms for the oral
breakdown of food, so different groups of individuals would experience the samples differently. What is
more, they found a correlation between chewing force and preference. Therefore, they suggested that
individual differences in the ability to manipulate and manage the product in the mouth may be a key
driver of liking and personal preferences.

Mouth behaviour, intended as how we manipulate food in our mouth, influences food texture preferences.

Jeltema and colleagues (2015, 2016), clustered individuals according to their way to manipulate food.
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Specifically, they formed four groups: crunchers, chewers, suckers and smooshers.

They demonstrated that the Mouth Behavior groups show food preference differences and that there were
food textures that fit “‘best” with each mouth behaviour. To better explain, taking chocolate as an
example, the authors found that smooshers liked (and would have chosen) chocolate that melts fast,
instead, crunchers liked (and would have chosen) chocolate that contains nuts, and so on.

This research demonstrated that people differ in the ways they like to manipulate food in their mouths

and these preferences drive texture preference and food choice.

In addition to mouth behavior, other individual variables also play a relevant role in texture preferences.
It has been shown, indeed, that ageing drives the individual texture preferences. In the study conducted
by Kélvidinen, Salovaara, & Tourila (2002), elderly cohort showed a higher degree of liking for muesli
products compared to the young group. The year after, Kélvidinen, Roininen, & Tuorila (2003) showed
that liking of texturally modified yoghurts was rated as lower by elderly subjects, compared to the young
group.

Also, studying the different textural preferences for carrots, adults liked difficult textures such as rough,
crispy, crunchy and hard much more than the elderly subjects (Roininen, Fillion, Kilcast, & Lahteenmaki,
2003).

Even more evident, the results of the study conducted by Lukasewycz & Mennella (2012) showed that
ageing was strongly related to food texture preferences: mothers preferred harder foods and those
containing more particles than did children, and also, children’s preferences became more adult-like with

increasing age.

Also, psychological traits have been demonstrated influencing food preferences and choice (Monteleone
et al., 2017; Spinelli et al., 2018; Tornwall et al., 2014). Regarding texture, the enjoyment of different
texture was related to food neophobia in young children (Coulthard & Sahota, 2016; Coulthard &
Thakker, 2015) and to picky eating in adults (Nederkoorn, Houben, & Havermans, 2019).

However, although it is reasonable to believe that texture properties are key determinants of the
acceptability of foods and beverages, there is limited understanding of whether preferences for textural
characteristics are innate or learned.

Preferences for texture and mouthfeel seem to vary greatly among individuals, but little is known about

the sensitivity of texture and mouthfeel perception.



1.3 Texture sensitivity

Despite the evidence of individual differences in oral behaviour described in the previous paragraph, and
the belief that texture plays an important role in food acceptance (Baxter & Schroder, 1997; Szczesniak,
1971; Ton Nu, MacLeod, & Barthelemy, 1996), little is known about individual texture sensitivity. The
paucity of knowledge is probably due to a lack of a standardized methodology to study texture sensitivity.
Across the years, different methods have been developed and used to measure individual texture
sensitivity, mainly focused on tactile and oral perception.

Berry and Mahood (1966) introduced the oral stereognosis test, developing different standardised test
procedures (e.g. shape, size, number, material). After this pioneering work, oral stereognosis has been
largely used by several authors as an approach to measure the ability to recognise and discriminate forms
(see review by Jacobs, Serhal, & van Steenberghe (1998) and Lederman and Klatzky 2009). In addition
to stereognosis test, Calhoun and colleagues (1992), also tested vibration detection by a 256-Hz tuning
fork, applied on the lower lip, hard enough to vibrate but not so hard to be hearable. The task consisted
of differentiating between simple pressure and perceived vibration.

Also, Johnson & Phillips (1981) used size and weight discrimination tests to measure tactile spatial
resolution. The approach included four tasks: a two-point discrimination test (see also Engelen, 2004),
which tested the ability of subjects to discriminate between steel pins with flat ends singly or double
embedded; a gap detection test which tested the ability of subjects to discriminate between stimuli with
and without central gaps; a grating resolution test where subjects were asked to judge whether two
gratings with the same period were presented with the same alignment, or with orthogonal alignments; a
letter recognition test where subjects were asked to identify 26 raised capital letters of the English
alphabet by touching them without lateral movements.

To overcome the limitations associated with the two-point discrimination task, Essick, Chen, & Kelly
(1999) developed an oral form recognition test based on the ability of the subjects to identify different-
sizes embossed letters of the alphabet, explored with the tongue tip. This test is a simple up-down tracking
procedure and it allows to obtain a threshold height value, assumed as a descriptor of the individual
texture sensitivity. Across the years, several researchers have used this approach to investigate further
insight into oral tactile acuity and its relationship with taste sensitivity, age and food preferences
(Bangcuyo & Simons, 2017; Essick et al., 1999; Essick, Chopra, Guest, & Mcglone, 2003; Lukasewycz
& Mennella, 2012; Steele, James, Hori, Polacco, & Yee, 2014).

Moreover, more recently, Linne & Simons (2017) used the forced-choice, up-down staircase method for
surface roughness from stainless steel coupons to determine the individual sensitivities to lingual tactile

9



roughness, intended as texture sensitivity.

Another wide approach used to determine the oral and tactile sensitivity is the measurement of tactile
point pressure sensitivity through Semmes—Weinstein monofilaments (SWM), the modern version of von
Frey hairs (VFH). SWM are small force-calibrated monofilaments which apply a specific amount of
pressure and they provide a fast way of estimating somato-sensations (Etter, Miller, & Ballard, 2017).
This tool has been largely used by food researchers which demonstrated that pressure sensitivity varies
across people (Aktar, Chen, Ettelaie, & Holmes, 2015a; Costa et al., 2011; Pigg, Baad-Hansen, Svensson,
Drangsholt, & List, 2010; Yackinous & Guinard, 2001). In particular, in the recent study, Breen and
colleagues (2019) tested whether there was a relationship between oral touch sensitivity and the
perception of particle size in chocolate. They measured the individual differences in oral point-pressure
sensitivity, intended as detection and discrimination thresholds for oral point pressure determined with
Von Frey Hairs. They found a significant relationship between differences in oral somatosensory
function at the tongue tip and texture perception of chocolate. These shreds of evidence suggest that, as
with smell and taste, phenotypic differences in oral somatosensory can influence the perception of real

foods.

The methods that have been proposed across the years, and mentioned above, have some limitations.
First, it is obvious that differences and even some contradictions could be noted when comparing the
results of different approaches. This is partially due to the different types of receptors involved in the
oral perception, and also to the direct recording from sensory afferents. Stereognostic ability and oral
point-pressure testing, indeed, do not reflect the real perception of the food texture.

Furthermore, those methods do not involve real foods, and they do not measure the sensitivity to specific
texture attributes.

Food scientists are aware of this gap, but despite this, no real food has been properly used to measure the
texture sensitivity.

Across the years, some authors tried to solve this issue, approaching different methods and using different
—model/real - foods. Steele and colleagues (2014) indeed, measured the viscosity discrimination acuity
using five non-Newtonian xanthan gum-thickened liquids in the nectar- and honey-thick range. In this
work, assessors were asked to identify which liquid of the three was perceived to be different in thickness
from other two, performing a triangle test. Their approach allowed the calculation of the minimum
difference in xanthan gum concentration accurately detected, which may indirectly reflect the sensitivity
to the viscosity. However, although they used non-Newtonian liquids, those products can be considered

as model food and not as real food. Thus, the individual sensitivity they measured, cannot be extended
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to the real perception of the food.

The year after, Aktar and colleagues (2015b), to investigate the correlation between the touch sensitivity
and the capability of viscosity discrimination among individuals (using finger and tongue sensory
perception), used a series of syrup solutions differing in a wide range of viscosities. The approach
consisted of a two-alternative forced-choice (2-AFC) test where assessors were asked to report if they
perceived the viscosities as the same or different, by both fingertip and tongue. They concluded that the
human capacity for viscosity discrimination varies substantially among individuals. However, although
the syrups are common food ingredients, they are solutions with almost Newtonian behavior; the majority
of the foods are non-Newtonian products, thus their findings are not really generalizable.

More recently, the study conducted by Breen, Etter, Ziegler, and Hayes (2019) explored the grittiness
perception, using chocolate as a model food. However, they described the subjects as high and low
sensitive in grittiness perception, on the base of discrimination thresholds for oral point pressure
determined with Von Frey Hairs. Consequently, they found a relationship between oral pressure point
threshold estimated and the discrimination of particle size in chocolates, measured by Just Noticeable
Difference.

Also, Forde and Delahunty (2002) investigated the ability to perceive changings in the intensity of texture
between young and older age cohorts, asking to evaluate semi-solid and solid foods. They found that
older consumers showed a poorer ability to discriminate between foods evaluated, when measuring
attribute intensity using a 100-mm line scale. They concluded that the lack of discrimination was most
likely caused by a reduced sensory ability.

Although they found differences in perceived intensity of texture attributes between different age groups,

this study does not provide an effective method to cluster people according to their sensitivity.

On this background, it seems evident that a lack of methodology to measure the texture sensitivity exists

and that a standardized technique is needed to cover all the gaps highlighted above.

1.4 Trigeminal sensations

Trigeminal sensations are touch-position and pain-temperature sensations perceived by
mechanoreceptors and nociceptors which activate the trigeminal nerve system. Trigeminal sensations
arise as a result of intense chemical (e.g., chili powder), mechanical (e.g., cutting, crushing), or thermal
(heat and cold sensations) stimulation of sensory nerve cells. They include also the non-heat related
irritations (e.g. given by horseradish, mustard and wasabi), the tear-inducing stimuli (e.g. from onions),

and also irritation from carbon dioxide. Trigeminal sensations, also called chemesthetic sensations in an

1"



analogy to “somesthesis™ or the tactile and thermal sensations perceived by the human body surface
(Green and Lawless, 1991; Lawless and Lee, 1994), trigger a variety of physiological and behavioural
responses and usually result in a subjective experience of pain in humans (Darian-Smith, 1973). This
kind of sensations does not fit neatly into the traditional classes of tastes and smells. Old researches found
three times as many trigeminal fibers in the fungiform papillac than the facial (taste) nerve fibers
innervating taste buds (Farbman and Hellekant, 1978). Several trigeminal sensations are controlled by
the trigeminal nerves and the number of the trigeminal tracts is impressive. Also, going deeper, trigeminal
fibers ascend around the taste bud forming a chalice-like structure (Whitehead et al., 1985), possibly
enhancing their access to the external environment (Fig. 2).

Trigeminal nerve

Trigeminal nerve

Ophthalmic

zone Taste

bud

Maxillary
zZone

Nerve fibre

from chorda
tympani brance
of facial nerve

Papilla

Mandibular

zone Nerve fibre from

lingual branch of
trigeminal nerve

Figure 2. Representation of trigeminal apparatus.

A largely studied group of trigeminal sensations arises from pepper compounds such as capsaicin from
chili peppers, piperine from black pepper, and the ginger compounds such as zingerone. Stimulation
given by those compounds, at concentrations above threshold may last 10 min or longer (Lawless, 1984)
and, for this reason, they are ideal for the application of time-intensity methods (Cliff & Heymann, 1992;
Esti, Contini, Moneta, & Sinesio, 2009; Reinbach, Toft, & Moller, 2009). Also, although the burning
sensation is painful, spicy foods are worldwide consumed and appreciated by many individuals.

The same goes for the sparkling sensation given by carbon dioxide. CO2, indeed, is a potent irritant in
the nasal cavity, as are many organic compounds (Cain and Murphy, 1980; Cometto-Muiiiz and Cain,
1984; Commetto-Muiiiz and Hernandez, 1990), but, despite this, carbonated beverages business - soda,
beer, sparkling water and wine, etc. — amounts to huge sales around the world.

Menthol is a trigeminal stimulus which leads to cool sensations, interacting with thermal stimulation in
a complex way. The sensory properties of menthol are complex, inducing a number of cooling, warming,

aromatic, and other sensory effects depending upon the isomer, concentration, and temporal parameters
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(Gwartney and Heymann, 1995, 1996) and the conditions of stimulation (Green, 1985, 1986). Despite
the cooling sensation can be painful at high concentrations, the menthol has an important commercial

significance in confections, oral health care, and tobacco products (Patel et al., 2007).

Therefore, even though the evident painful and aversive sensations given by different trigeminal
attributes, they are common to many foods and drinks and appreciated by many consumers. Numerous
researches have been conducted to explain the reasons linked to the consumption of foods/drinks that
elicit irritation sensations. People may like specific kind of food because of cultural reasons (Rozin &
Schiller, 1980; Stevens, 1990), frequency of consumption (Logue and Smith, 1986), individual genetic
properties (Duffy, 2007; Dufty & Bartoshuk, 2000) and also oral anatomy (Bartoshuk, 1993; Miller &
Reedy, 1990). Also, it has been reported that individual can learn to like aversive sensations, such as the
burn of capsaicin, with the exposure to gradually increasing levels (Logue & Smith, 1986; Rozin &
Schiller, 1980).

Moreover, it is also well known that sensory sensitivity plays a pivotal role in food preference and choice
(Kaminski et al., 2000; Coulthard et al., 2008; Monteleone et al., 2017). In turn, it has been specifically
shown that taste sensitivity can be affected by individual physiological factors, such as gender, age, health
status and nutritional status and by the interaction between these variables (Mojet et al., 2001).
However, although several studies have been conducted on the individual sensitivity to different
trigeminal sensations (Wright et al., 2003; Condelli et al., 2006; Le Calve et al., 2008; Ludy & Mattes,
2012), and on how they can be correlated with liking and consumption (Rozin & Rozin, 1981; Stevenson
& Yeomans, 1993; Stevenson & Prescott, 1994; Byrnes & Hayes, 2015), very little is known about the
influence of people characteristics (socio-demographic, psychological and consuming habits) on

individual sensitivity to specific trigeminal properties.

13



References

Aktar, T., Chen, J., Ettelaie, R., & Holmes, M. (2015a). Evaluation of the sensory correlation between touch
sensitivity and the capacity to discriminate viscosity. Journal of Sensory Studies, 30(2), 98-107.
https://doi.org/10.1111/joss.12141

Alsanei, W. A., & Chen, J. (2014). Studies of the Oral Capabilities in Relation to Bolus Manipulations and the
Ease of Initiating Bolus Flow. Journal of Texture Studies, 45(1), 1-12. https://doi.org/10.1111/jtxs.12041

Bangcuyo, R. G., & Simons, C. T. (2017). Lingual tactile sensitivity: effect of age group , sex , and fungiform
papillae density. Experimental Brain Research, 235(9), 2679-2688. https://doi.org/10.1007/s00221-017-
5003-7

Bartoshuk, L. M. (1993). The biological basis of food perception and acceptance. Food Quality and
Preference, 4 (1-2), 12. https://doi.org/10.1016/0950-3293(93)90310-3

Bartoshuk, L. M., Duffy, V. B., & Miller 1., J. (1994). PTC/PROP tasting: Anatomy, psychophysics, and sex
effects. Physiology & Behavior, 56 (6), 1165—1171. https://doi.org/10.1016/0031-9384(94)90361-1

Baxter, 1. A., & Schroder, M. J. A. (1997). Vegetable consumption among Scottish children: A review of the
determinants and proposed strategies to overcome low consumption. British Food Journal, 99 (10), 380—
387. https://doi.org/10.1108/00070709710195167

Berry, D.C., Mahood, M. (1966) Oral stereognosis and oral ability in relation to prosthetic treatment. British
Dental Journal, 120, 179—185

Booth, D. A., Earl, T., & Mobini, S. (2003). Perceptual channels for the texture of a food. Appetite, 40(1), 69—
76. https://doi.org/10.1016/S0195-6663(02)00141-1

Bord, C., Guerinon, D., & Lebecque, A. (2017). Heated or raw Blue cheeses: what are the drivers influencing
consumer preferences? International Journal of Food Science and Technology, 52(9), 1959-1970.
https://doi.org/10.1111/ijfs.13466

Bourne, M. C. (2002). Food Texture and Viscosity, Concept and Measurement, Second Edition. Academic,
New York

Breen, S. P., Etter, N. M., Ziegler, G. R., & Hayes, J. E. (2019). Oral somatosensatory acuity is related to
particle size perception in chocolate. Scientific Reports, 9(1), 1-10. https://doi.org/10.1038/s41598-019-
43944-7

Brown, W. E., & Braxton, D. (2000). Dynamics of food breakdown during eating in relation to perceptions of
texture and preference: A study on biscuits. Food Quality and Preference, 11, 259-267.
https://doi.org/10.1016/S0950-3293(99)00014-2

Bymnes, N. K., & Hayes, J. E. (2015). Gender differences in the influence of personality traits on spicy food
liking and intake. Food Quality and Preference, 42, 12—-19. https://doi.org/10.1016/j.foodqual.2015.01.002

Cain, W. S., & Murphy, C. L. (1980). Interaction between chemoreceptive modalities of odor and irritation.
Nature, 284, 255-257. https://doi.org/10.1038/284255a0

Calhoun, K., Gibson, B., Hartley, L., Minton, J., & Hokanson, J. (1992) Age-related changes in oral sensation.
Laryngoscope, 102, 109— 116. https://doi.org/10.1288/00005537-199202000-00001

Caton, S. J., Blundell, P., Ahern, S. M., Nekitsing, C., Olsen, A., Meller, P., Haursner, H., Remy, E., Nicklaus,
S., Chabanet, C., Issanchou,S., & Hetherington, M. M.(2014). Learning to eat vegetables in early life: The
role of timing, age and individual eating traits. PLoS ONE, 9. https://doi.org/10.1371/journal.pone.0097609

Chen, J. (2009). Food oral processing — a review. Food Hydrocolloids, 23, 1-25.
https://doi.org/10.1016/j.foodhyd.2007.11.013

14



Chen, J., & Stokes, J. R. (2012). Rheology and tribology: Two distinctive regimes of food texture sensation.
Trends in Food Science & Technology, 25 (1), 4—12. https://doi.org/10.1016/j.tifs.2011.11.006

Cliff, M., & Heymann, H. (1992). Descriptive Analysis of Oral Pungency. Journal of Sensory Studies, 7(4),
279-290. https://doi.org/10.1111/j.1745-459X.1992.tb00195.x

Cometto-Muiiiz, J. E., & Cain, W. S. (1984). Temporal integration of pungency. Chemical Senses, 8, 315—
327. https://doi.org/10.1093/chemse/8.4.315

Commetto-Muiiiz, J. E., & Hernandez, S. M. (1990). Odorous and pungent attributes of mixed and unmixed
odorants. Perception & Psychophysics, 47, 391-399. https://doi.org/10.3758/BF03210879

Condelli, N., Dinnella, C., Cerone, A., Monteleone, E. & Bertucciolo, M. (2006). Prediction of perceived
astringency induced by phenolic compounds II: Criteria for panel selection and preliminary application on
wine samples. Food Quality and Preference, 17, 96—107. https://doi.org/10.1016/j.foodqual.2004.06.002

Costa, Y.M., Karlsson, P., Bonjardim, L.R., Conti , P.C.R., Tankisi, H., Jensen, T.S., Nyengaard , J.R.,
Svensson, P., & Baad-Hansen, L. (2019) Trigeminal nociceptive function and oral somatosensory
functional and structural assessment in patients with diabetic peripheral neuropathy. Scientific Report, 9,
169, https://doi.org/10.1038/s41598-018-37041-4

Costa, F., Cappellin, L., Longhi, S., Guerra, W., Magnago, P., Porro, D., ... Gasperi, F. (2011). Assessment of
apple (Malusxdomestica Borkh.) fruit texture by a combined acoustic-mechanical profiling strategy.
Postharvest Biology and Technology, 61(1), 21-28. https://doi.org/10.1016/j.postharvbio.2011.02.006

Coulthard, H., & Blissett, J. (2009). Fruit and vegetable consumption in children and their mothers. Moderating
effects of child sensory sensitivity. Appetite, 52, 410—415. https://doi.org/10.1016/j.appet.2008.11.015

Coulthard, H., & Sahota, S. (2016). Food neophobia and enjoyment of tactile play: Associations between
preschool children and their parents. Appetite, 97, 155—159. https://doi.org/10.1016/j.appet.2015.11.028

Coulthard, H., & Thakker, D. (2015). Enjoyment of tactile play is associated with lower food neophobia in
preschool children. Journal of the Academy of Nutrition and Dietetics, 115, 1134-1140.
https://doi.org/10.1016/j.jand.2015.02.020

Darian-Smith, L. (1973). The trigeminal system A. Iggo (Ed.), Handbook of sensory physiology,
somatosensory system, Springer, Berlin, (Chapter 2, 271-314).

De Wijk, R. A., Zijlstra, N., Mars, M., de Graaf, C., & Prinz, J. F. (2008). The effects of food viscosity on bite
size, bite effort and food intake. Physiology &  Behavior, 95, 527-532.
https://doi.org/10.1016/j.physbeh.2008.07.026

Dematte, M. L., Endrizzi, 1., Biasioli, F., Corollaro, M. L., Pojer, N., Zampini, M., ... Gasperi, F. (2013). Food
neophobia and its relation with olfactory ability in common odour identification. Appetite, 68, 112—117.
https://doi.org/10.1016/j.appet.2013.04.021

Devezeaux de Lavergne, M., Derks, J. A. M., Ketel, E. C., de Wijk, R. A., & Stieger, M. (2015). Eating
behaviour explains differences between individuals in dynamic texture perception of sausages. Food
Quality and Preference, 41, 189-200. https://doi.org/10.1016/j.foodqual.2014.12.006

Doty, R. L. (2000). The Smell Threshold TestTM Administration Manual. Haddon Hts., NJ: Sensonics, Inc.

Drewnowski, A. (1997). Taste preferences and food intake. Annual review of nutrition human nutrition
program (Vol. 17 (pp. 237-253). Ann Arbor, MI: School of public health, The University of Michigan.

Duffy, V. B. (2007). Variation in oral sensation: Implications for diet and health. Current Opinion in
Gastroenterology, 23(2), 171-177. https://doi.10.1097/MOG.0b013e3280147d50

15



Duffy, V. B., & Bartoshuk, L. M. (2000). Food acceptance and genetic variation in taste. Journal of the
American Dietetic Association, 100(6), 647—655. https://doi.org/10.1016/S0002-8223(00)00191-7

Dunn, W. (1999). The Sensory Profile: User’s manual, San Antonio, TX: Psychological Corporation

Engelen, L., & Bilt, A. V. A. N. D. E. R. (2007). Oral physiology and texture perception of semisolids,
39(2008), 83—113.

Engelen, L., Van Den Keybus, P. A. M., De Wijk, R. A., Veerman, E. C. L., Amerongen, A. V. N., Bosman,
F., Prinz, J. F., & Van Der Bilt, A. (2007). The effect of saliva composition on texture perception of semi-
solids. Archives of Oral Biology, 52(518), 525. https://doi.org/10.1016/j.archoralbio.2006.11.007

Engelen, L., Van der Bilt, A., & Bosman, F. (2004). Relationship between oral sensitivity and masticatory
performance. Journal of Dental Research, 83(5), 388-392.https://doi.org/10.1177/154405910408300507

Essick, G. K., Chen, C. C., & Kelly, D. G. (1999). A letter-recognition task to assess lingual tactile acuity.
Journal of Oral and Maxillofacial Surgery, 57(11), 1324-1330. https://doi.org/10.1016/S0278-
2391(99)90871-6

Essick, G. K., Chopra, A., Guest, S., & Mcglone, F. (2003). Lingual tactile acuity, taste perception, and the
density and diameter of fungiform papillae in female subjects, 80, 289-302.
https://doi.org/10.1016/j.physbeh.2003.08.007

Esti, M., Contini, M., Moneta, E., & Sinesio, F. (2009). Phenolics compounds and temporal perception of
bitterness and pungency in extra-virgin olive oils: Changes occurring throughout storage. Food Chemistry,
113(4), 1095-1100. https://doi.org/10.1016/j.foodchem.2008.08.076

Etter, N. M., Miller, O. M., & Ballard, K. J. (2017). Clinically available assessment measures for lingual and
labial somatosensation in healthy adults: Normative data and test reliability. American Journal of Speech-
Language Pathology, 26(3), 982-990. https://doi.org/10.1044/2017 AJSLP-16-0151

Farbman, A. 1., & Hellekant, G. (1978). Quantitative analyses of fiber population in rat chorda tympani nerves
and fungiform papillae. American Journal of  Anatomy, 153, 509-521.
https://doi.org/10.1002/aja.1001530403

Ferreira, M., Azevedo, B. M., Luccas, V., & Andr, H. M. (2017). Sensory Profile and Consumer Acceptability
of Prebiotic White Chocolate with Sucrose Substitutes and the Addition of Goji Berry (Lycium barbarum),
82(3). https://doi.org/10.1111/1750-3841.13632

Forde, C. G., & Delahunty, C. M. (2002). Examination of chemical irritation and textural influence on food
preferences in two age cohorts using complex food systems. Food Quality and Preference, 13(7-8), 571—
581. https://doi.org/10.1016/S0950-3293(02)00036-8

Green, B. G. (1985). Menthol modulates oral sensations of warmth and cold. Physiology and Behavior, 35,
427-434. https://doi.org/10.1016/0031-9384(85)90319-1

Green, B. G. (1986). Menthol inhibits the perception of warmth. Physiology and Behavior, 38, 833—838.
https://doi.org/10.1016/0031-9384(86)90050-8

Green, B. G. & Lawless, H. T. (1991). The psychophysics of somatosensory chemoreception in the nose and
mouth. In: T. V. Getchell, L. M. Bartoshuk, R. L. Doty and J. B. Snow (eds.), Smell and Taste in Health
and Disease. Raven, New York, NY, pp. 235-253.

Guido, D., Perna, S., Carrai, M., Barale, R., Grassi, M., & Rondanelli, M. (2016). Multidimensional evaluation
of endogenous and health factors affecting food preferences, taste and smell perception. Journal of
Nutrition, Health and Aging, 20(10), 971-981. https://doi.org/10.1007/s12603-016-0703-4

Gwartney, E. & Heymann, H. (1995). The temporal perception of menthol. Journal of Sensory Studies, 10,
393-400. https://doi.org/10.1111/j.1745-459X.1995.tb00028.x

16



Gwartney, E. & Heymann, H. (1996). Profiling to describe the sensory characteristics of a simple model
menthol solution. Journal of Sensory Studies, 11, 39-48. https://doi.org/10.1111/1.1745-
459X.1996.tb00031.x

Hiiemae, K. (2004). Mechanisms of food reduction, transport and deglutition: How the texture of food affects
feeding behavior. Journal of Texture Studies, 35(2), 171-200.  https://doi.org/10.1111/j.1745-
4603.2004.tb00832.x

Hill, S. W., & McCutcheon, N. B. (1984). Contributions of obesity, gender, hunger, food preference, and body
size to bite size, bite speed, and rate of eating. Appetite, 5(2), 73—83. https://doi.org/10.1016/S0195-
6663(84)80026-4

Hummel, T., Sekinger, B., Wolf, S. R., Pauli, E., & Kobal, G. (1997). “Sniffin” sticks’. Olfactory performance
assessed by the combined testing of odor identification, odor discrimination and olfactory threshold.
Chemical Senses, 22(1), 39-52. https://doi.org/10.1093/chemse/22.1.39

Hyde, R. J., & Witherly, S. A. (1993). Dynamic contrast: A sensory contribution to palatability. Appetfite, 21,
1-16. https://doi.org/10.1006/appe.1993.1032

Jpma, L., Renken, R. J., Gietema, J. A., Slart, R. H. J. A., Mensink, M. G. J., Lefrandt, J. D., ... Reyners, A.
K. L. (2016). Taste and smell function in testicular cancer survivors treated with cisplatin-based
chemotherapy in relation to dietary intake, food preference, and body composition. Appetite, 105, 392—399.
https://doi.org/10.1016/j.appet.2016.06.010

Jacobs, R., Bou Serhal, C., & van Steenberghe, D. (1998). Oral stereognosis: A review of the literature. Clinical
Oral Investigation, 2(1), 3—10. https://doi.org/10.1007/s007840050035

Jayasinghe, S. N., Kruger, R., Walsh, D. C. I, Cao, G., Rivers, S., Richter, M., & Breier, B. H. (2017). Is sweet
taste perception associated with sweet food liking and intake? Nutrients, 9, 750.
https://doi.org/10.3390/nu9070750

Jeltema, M., Beckley, J. H., & Vahalik, J. (2014). Importance of understanding mouth behavior when
optimizing product texture now and in the future. Food Texture Design and Optimization,
9780470672(2012), 423—-442. https://doi.org/10.1002/9781118765616.ch17

Jeltema, M., Beckley, J., & Vahalik, J. (2015). Model for understanding consumer textural food choice.
https://doi.org/10.1002/fsn3.205

Jeltema, M., Beckley, J., & Vahalik, J. (2016). Food texture assessment and preference based on Mouth
Behavior. Food Quality and Preference, 52, 160—171. https://doi.org/10.1016/j.foodqual.2016.04.010

Johnson, K. O., & Phillips, J. R. (1981). Tactile spatial resolution. I. Two-point discrimination, gap detection,
grating resolution, and letter recognition. Journal of Neurophysiology, 46(6), 1177-1191.
https://doi.org/10.1152/jn.1981.46.6.1177

Kélvidinen, N., Roininen, K., & Tuorila, H. (2003). The relative importance of texture, taste and aroma on a
yogurt-type snack food preference in the young and the elderly. Food Quality and Preference, 14(3), 177—
186. https://doi.org/10.1016/S0950-3293(02)00049-6

Kaélvidinen, N., Salovaara, H., & Tourila, H. (2002). Sensory attributes and preference mapping of muesli oat
flakes. Journal of Food Science, 67(1), 455—460. https://doi.org/10.1111/j.1365-2621.2002.tb11428.x

KAlviAinen, N., Schlich, P., & Tuorila, H. (2000). Consumer texture preferences: Effect of age, gender and
previous experience. Journal of Texture Studies, 31(6), 593-607. https://doi.org/10.1111/j.1745-
4603.2000.tb01022.x

Kalviainine, N., Schlich, P., & Tuorila, H. (2000). Consumer texture preferences: Effect of age, gender and
previous experience. Journal of Texture Studies, 31, 593—607. https://doi.org/10.1111/.1745-
4603.2000.tb01022.x

17



Kaminski, L.C., Henderson, S.A., & Drewnowski, A. (2000). Young women’s food preferences and taste
responsiveness to  6-n-propylthiouracil (PROP).  Physiological — Behaviour, 68, 691-697.
https://doi.org/10.1016/S0031-9384(99)00240-1

Ketel, E. C., Aguayo-mendoza, M. G., Wijk, R. A. De, Graaf, C. De, Piqueras-fiszman, B., & Stieger, M.
(2019). Age, gender , ethnicity and eating capability in fl uence oral processing behaviour of liquid , semi-
solid and solid foods di ff erently. Food Research International, 119(September 2018), 143—-151.
https://doi.org/10.1016/j.foodres.2019.01.048

Kora, E. P., Latrille, E., Souchon, 1., & Martin, N. (2003). Texture-flavor interactions in low fat stirred yogurt:
How mechanical treatment, thickener concentration and aroma concentration affect perceived texture and
flavor. Journal of Sensory Studies, 18(5), 367-390. https://doi.org/10.1111/j.1745-459X.2003.tb00395.x

Koster, E. P., & Mojet, J. (2007). Theories of food choice development. Understanding Consumers of Food
Products, 93—-124.

Kremer, S., Mojet, J., & Kroeze, J. H. A. (2007). Differences in perception of sweet and savoury waffles
between elderly and young subjects. Food Quality and Preference, 18, 106-116.
https://doi.org/10.1016/j.foodqual.2005.08.007

Laguna, L., Sarkar, A., Artigas, G., & Chen, J. (2015). A quantitative assessment of the eating capability in
the elderly individuals. Physiology & Behavior, 147, 274-281.
https://doi.org/10.1016/j.physbeh.2015.04.052

Lawless, H.T, & Heymann, H. (1998). Sensory evaluation of food, principles and practices. New York:
Chapman and Hall.

Lawless, H. T. (1984). Oral chemical irritation: Psychophysical properties. Chemical Senses, 9, 143—155.
https://doi.org/10.1093/chemse/9.2.143

Lawless, H. T., & Lee, C. B. (1994). The common chemical sense in food flavor. In: T. E. Acree and R.
Teranishi (eds.), Flavor Science, Sensible Principles and Techniques. American Chemical Society,
Washington, pp. 23-66.

Le Calvé, B., Goichon, H., & Cayeux Firmenich, 1. (2008). CO2 perception and its influence on flavour.
Expression of Multidisciplinary Flavour Science, 55-58.

Lederman, S.J, & Klatzky, R.L. (2009) Haptic perception: a tutorial. Atten Percept Psychophys, 71(7), 1439—
1459..

Lenfant, F., Loret, C., Pineau, N., Hartmann, C. & Martin, N. (2009). Perception of oral food breakdown. The
concept of food trajectory. Appetite, 52, 659—667. https://doi.org/10.1016/j.appet.2009.03.003

Linne, B., & Simons, C. T. (2017). Quantification of Oral Roughness Perception and Comparison with
Mechanism of Astringency Perception, 42. https://doi.org/10.1093/chemse/bjx029

Logue, A. W., & Smith, M. E. (1986). Predictors of food preferences in adult humans. Appetite, 7(2), 109—
125. https://doi.org/10.1016/S0195-6663(86)80012-5

Lucas, P. W., Prinz, J. F.,Agrawal, K. R. & Bruce, I. C. (2002). Food physics and oral physiology. Food
Quality and Preference, 13, 203-213. https://doi.org/10.1016/S0950-3293(00)00036-7

Ludy, M. J., & Mattes, R. D. (2011). The effects of hedonically acceptable red pepper doses on thermogenesis
and appetite. Physiology & Behavior, 102, 251-258. https://doi.org/10.1016/j.physbeh.2010.11.018

Lukasewycz, L. D., & Mennella, J. A. (2012). Lingual tactile acuity and food texture preferences among
children = and  their = mothers. Food  Quality  and  Preference, 26(1), 58-66.
https://doi.org/10.1016/j.foodqual.2012.03.007

18



Maremmani, C., Rossi, G., Tambasco, N., Fattori, B., Pieroni, A., Ramat, S., ... Meco, G. (2012). The validity
and reliability of the Italian Olfactory Identification Test (IOIT) in healthy subjects and in Parkinson’s
disease patients. Parkinsonism and Related Disorders, 18(6), 788-793.
https://doi.org/10.1016/j.parkreldis.2012.03.021

Martinez-Cordero, E., Malacara-Hernandez, J. M., & Martinez-Cordero, C. (2015). Taste perception in normal
and overweight Mexican adults. Appetite, 89, 192—195. https://doi.org/10.1016/j.appet.2015.02.015

Miller, L. J., Jr., & Reedy, F. E. Jr. (1990). Variations in human taste bud density and taste intensity perception.
Physiology & Behavior, 47(6), 1213—1219. https://doi.org/10.1016/0031-9384(90)90374-D

Mioche, L., Bourdiol, P., & Moinier, S. (2003). Chewing behaviour and bolus formation during mastication
of meat with different textures. Archives of Oral Biology, 48, 193-200. https://doi.org/10.1016/S0003-
9969(03)00002-5

Mioche, L., Bourdiol, P., Monier, S., Martin, J.-F., & Cormier, D. (2004). Changes in jaw muscles activity
with age: Effects on food bolus properties. Physiology & Behavior, 82(4), 621-627.
https://doi.org/10.1016/j.physbeh.2004.05.012

Mojet, J., Christ-Hazelhof E., & Heidema J. (2001). Taste Perception with Age: Generic or Specific Losses in
Threshold  Sensitivity to the Five Basic Tastes? Chemical Senses, 26, 845-860.
https://doi.org/10.1093/chemse/26.7.845

Monteleone, E., Spinelli, S., Dinnella, C., Endrizzi, 1., Laureati, M., Pagliarini, E., ... Tesini, F. (2017).
Exploring influences on food choice in a large population sample: The Italian Taste project. Food Quality
and Preference, 59, 123—140. https://doi.org/10.1016/j.foodqual.2017.02.013

Monteleone, E., Spinelli, S., Dinnella, C., Endrizzi, 1., Laureati, M., Pagliarini, E., Sinesio, F., Gasperi, F.,
Torri, L., Aprea, E., Bailetti, L.I., Bendini, A., Braghieri, A., Cattaneo, C., Cliceri, D., Condelli, N.,
Cravero, M.C., Del Caro, A., Di Monaco, R., Drago, S., Favotto, S., Fusi, R., Galassi, L., Gallina Toschi,
T., Garavaldi, A., Gasparini, P., Gatti, E., Masi, C., Mazzaglia, A., Moneta, E., Piasentier, E., Piochi, M.,
Pirastu, N., Predieri, S., Robino, A., Russo, F., &Tesini F. (2017). Exploring influences on food choice in
a large population sample: The Italian Taste project. Food Quality and Preference, 59, 123-140.
https://doi.org/10.1016/j.foodqual.2017.02.013

Moskowitz, H. R., & Krieger, B. (1995). The contribution of sensory liking to overall liking: An analysis of
six food categories. Food Quality and Preference, 6,83-90. https://doi.org/10.1016/0950-3293(95)98552-
T

Murray, J., & Delahunty, C. (2000). Mapping consumer preference for the sensory and packaging attributes of
Cheddar Cheese. Food Quality and Preference, 11, 419-435. https://doi.org/10.1016/S0950-
3293(00)00017-3

Nagasawa, T., Yanbin, X., Tsuga, K., & Abe, Y. (1997). Sex difference of electromyogram of masticatory
muscles and mandibular movement during chewing of food. Journal of Oral Rehabilitation, 24, 605-609.
https://doi.org/10.1111/j.1365-2842.1997.tb00380.x

Nederkoorn, C., Houben, K., & Havermans, R. C. (2019). Taste the texture. The relation between subjective
tactile sensitivity, mouthfeel and picky eating in young adults. Appetite, 136(October 2018), 58—61.
https://doi.org/10.1016/j.appet.2019.01.015

Oltman, A. E., Yates, M. D., & Drake, M. A. (2016). Preference Mapping of Fresh Tomatoes Across 3 Stages
of Consumption. Journal of Food Science, 81(6), S1495-S1505. https://doi.org/10.1111/1750-3841.13306

Park, S., & Shin, W.-S. (2015). Differences in eating behaviors and masticatory performances by gender and
obesity status. Physiology & Behavior, 138, 69—74. https://doi.org/10.1016/j.physbeh.2014.10.001

19



Patel, T., Ishiuji, Y. & Yosipovitch, G. (2007). Menthol: A refreshing look at this ancient compound. Journal
of the American Academy of Dermatology, 57, 873—878. https://doi.org/10.1016/j.jaad.2007.04.008

Penaranda, 1., Garrido, M. D., Egea, M., Diaz, P., Alvarez, D., Oliver, M. A., & Linares, M. B. (2017). Sensory
perception of meat from entire male pigs processed by different heating methods. Meat Science,
134(February), 98—102. https://doi.org/10.1016/j.meatsci.2017.07.021

Percival, R., Challacombe, S., & Marsh, P. (1994). Flow rates of resting whole and stimulated parotid saliva
in relation to age and gender. Journal of Dental Research, 73(8), 1416-1420.
https://doi.org/10.1177/00220345940730080401

Pereira, L.J., De Wijk, R.A., Gaviao, M.B.D., & Van Der Bilt, A. (2006). Effects of added fluids on the
perception of solid food. Physiology & Behaviur, 88, 538-544.
https://doi.org/10.1016/j.physbeh.2006.05.005

Pigg, M., Baad-Hansen, L., Svensson, P., Drangsholt, M. & List, T. (2010). Reliability of intraoral quantitative
sensory testing (QST). Pain 148, 220-226, https://doi.org/10.1016/j.pain.2009.10.024

Pigg, M., Baad-Hansen, L., Svensson, P., Drangsholt, M., & List, T. (2010). Reliability of intraoral quantitative
sensory testing (QST). Pain, 148(2), 220-226. https://doi.org/10.1016/j.pain.2009.10.024

Pirastu, N., Kooyman, M., Traglia, M., Robino, A., Willems, S. M., Pistis, G., Amin, N., Sala, C., Karseen, L.
C., Van Dujin, C., Toniolo, D., Gasparini, T. (2016). A Genome-Wide Association Study in isolated
populations reveals new genes associated to common food likings. Reviews in Endocrine and Metabolic
Disorders, 17, 1-11. https://doi.org/10.1007/s11154-016-9354-3

Pirastu, N., Robino, A., Lanzara, C., Athanasakis, E., Esposito, L., Tepper, B. J., Gasperini, P. (2012). Genetics
of food preferences: A first view from silk road populations. Journal of Food Science, 77.
https://doi.org/10.1111/5.1750-3841.2012.02852.x

Reinbach, H. C., Toft, M., & Magller, P. (2009). Relationship between oral burn and temperature in chili spiced
pork patties evaluated by time-intensity. Food Quality and Preference, 20(1), 42-49.
https://doi.org/10.1016/j.foodqual.2008.07.003

Richardson-Harmon, N., Stevens, R., Walker, S., Gamble, J., Miller, M., Wong, M., & McPherson, A. (2000).
Mapping consumer perception of creaminess and liking for liquid products. Food Quality and Preference,
11, 239-246. https://doi.org/10.1016/S0950-3293(99)00060-9

Roininen, K., Fillion, L., Kilcast, D., & Lahteenmaki, L. (2003). for Various Textures of Raw and Cooked
Carrots in Young and Elderly Subjects. Journal of Sensory Studies, 18, 437-451.

Rozin, P., & Rozin, E. (1981). Culinary themes and variations. Natural History, 90,8

Rozin, P., & Schiller, D. (1980). The nature and acquisition of a preference for chili pepper by humans.
Motivation and Emotion, 4(1), 24. https://doi.org/10.1007/BF00995932

Salles, C., Chagnon, M. C., Feron, G., Guichard, E., Laboure, H., Morzel, M., Semon, E., Tarrega, A., & Yven,
C. (2010). In-mouth mechanisms leading to flavor release and perception. Critical Reviews in Food Science
and Nutrition, 51(1), 67-90. https://doi.org/10.1080/10408390903044693

Schloss, K. B., Goldberger, C. S., Palmer, S. E., & Levitan, C. A. (2015). What’s that smell? An ecological
approach to understanding preferences for familiar odors. Perception, 44(1), 23-38.
https://doi.org/10.1068/p7807

Scott, C. L., & Downey, R. G. (2007). Types of food aversion: Animal, vegetable, and texture. The Journal of
Psychology: Interdisciplinary and Applied, 141, 127-134.

Scott, C. L., & Downey, R. G. (2007). Types of food aversions: Animal, vegetable, and texture. Journal of
Psychology: Interdisciplinary and Applied, 141(2), 127—134. https://doi.org/10.3200/JRLP.141.2.127-134

20



Sow, T. M. A., & Grongnet, J. F. (2010). Sensory characteristics and consumer preference for chicken meat in
Guinea. Poultry Science, 89(10), 2281-2292. https://doi.org/10.3382/ps.2010-00679

Spinelli, S., De Toffoli, A., Dinnella, C., Laureati, M., Pagliarini, E., Bendini, A., ... Monteleone, E. (2018).
Personality traits and gender influence liking and choice of food pungency. Food Quality and Preference,
66(January), 113—126. https://doi.org/10.1016/j.foodqual.2018.01.014

Steele, C. M., James, D. F., Hori, S., Polacco, R. C., & Yee, C. (2014). Oral perceptual discrimination of
viscosity differences for non-newtonian liquids in the nectar- and honey-thick ranges. Dysphagia, 29(3),
355-364. https://doi.org/10.1007/s00455-014-9518-9

Steiner, A. E., Foegeding, E. A., & Drake, M. (2003). Descriptive analysis of caramel texture. Journal of
Sensory Studies, 18(4), 277-289. https://doi.org/10.1111/j.1745-459X.2003.tb00390.x

Stevens, D. A. (1990). Personality variables in the perception of oral irritation and flavor. In B. G. Green, F.
R. Mason, & M. R. Kare (Eds.), Chemical senses. Irritation, Vol. 2, 217-228. New York: Marcel Dekker

Stevenson, R. J., & Prescott, J. (1994). The effects of prior experience with capsaicin on ratings of its burn.
Chemical Senses, 19(6), 651—656. https://doi.org/10.1093/chemse/19.6.651

Stevenson, R. J., & Yeomans, M. R. (1993). Differences in ratings of intensity and pleasantness for the
capsaicin burn between chili likers and non-likers — Implications for liking development. Chemical Senses,
18(5), 471-482. https://doi.org/10.1093/chemse/18.5.471

Szczesniak, A. S. (1991). Textural perceptions and food quality 1. Journal of Food Quality, 14,75-85.
https://doi.org/10.1111/j.1745-4557.1991.tb00048.x

Szczesniak, A. S. (2002). Texture is a sensory property. Food Quality and Preference, 13(4), 215-225.
https://doi.org/10.1016/S0950-3293(01)00039-8

Szczesniak, A. S., & Khan, E. E. (1971). Consumer awareness and attitues to food texture I: Adults. Journal
of Texture Studies, 2, 280-295. https://doi.org/10.1111/j.1745-4603.1971.tb01005.x

Tanaka, M. (1986). Texture of Japanese foods. Food Review International, 2, 247.
https://doi.org/10.1080/87559128609540797

Tepper, B.J., White, E.A., Koelliker, Y., Lanzara, C., D’ Adamo, P., Gasparini, P. (2009). Genetic variation in
taste sensitivity to 6-n-propylthiouracil and its relationship to taste perception and food selection. Annals
of the New York Academy of Sciences, 1170, 126-139.

Thomas-Danguin, T., Rouby, C., Sicard, G., Vigouroux, M., Farget, V., Johanson, A., ... Dumont, J. P. (2003).
Development of the ETOC: A European Test of Olfactory Capabilities. Rhinology, 41(3), 142—151.

Ton Nu, C., MacLeod, P., & Barthelemy, J. (1996). Effects of age and gender on adolescent’s food habits and
preferences. Food Quality and Preference, 7(3-4), 251-262. https://doi.org/10.1016/S0950-
3293(96)00023-7

Toérnwall, O., Silventoinen, K., Hiekkalinna, T., Perola, M., Tuorila, H., & Kaprio, J. (2014). Identifying flavor
preference subgroups. Genetic basis and related eating behavior traits. Appetite, 75, 1-10.
https://doi.org/10.1016/j.appet.2013.11.020

Toérnwall, O., Silventoinen, K., Hiekkalinna, T., Perola, M., Tuorila, H., & Kaprio, J. (2014). Identifying flavor
preference subgroups. Genetic basis and related eating behavior traits. Appetite, 75, 1-10.
https://doi.org/10.1016/j.appet.2013.11.020

Trulsson, M. (2005). Sensory and motor function of teeth and dental implants: A basis for osseoperception.
Clinical and  Experimental =~ Pharmacology = and  Physiology, 32(1-2), 119-122.
https://doi.org/10.1111/j.1440-1681.2005.04139.x

21



Trulsson, M., & Johansson, R. S. (2002). Orofacial mechanorecep- tors in humans: Encoding characteristics
and responses during natural orofacial behaviors. Behavioural Brain Research, 135(1), 27-33.
https://doi.org/10.1016/S0166-4328(02)00151-1

Tuorila, H. (2007). Sensory perception as a basis of food acceptance and consumption. In H. Macfie (Ed.),
Consumer-led food product development, 34—-65. Boca Raton: Woodhead Publishing.

Van Der Bilt, A., Engelen, L., Abbink, J., & Pereira, L. J. (2007). Effects of adding fluids to solid foods on
muscle activity and number of chewing cycles. European Journal of Oral Sciences, 115(3), 198-205.
https://doi.org/10.1111/j.1600-0722.2007.00448.x

Van der Bilt, A., Engelen, L., Pereira, L. J., van der Glas, H. W. and Abbink, J. H. (2006). Oral physiology
and mastication. Physiology and Behavior, 89, 22-27. https://doi.org/10.1016/j.physbeh.2006.01.025

Vickers, Z. (1987a) . Sensory, acoustical and force-deformation measurements of potato chip crispness.
Journal of Food Science, 52, 138—140. https://doi.org/10.1111/j.1365-2621.1987.tb13990.x

Vickers, Z. M. (1984). Crispness and crunchiness—a difference in pitch? Journal of Texture Studies, 15, 157—
163. https://doi.org/10.1111/j.1745-4603.1984.tb00375.x

Vickers, Z., Peck, A., Labuza, T., & Huang, G. (2014). Impact of Almond Form and Moisture Content on
Texture Attributes and Acceptability. Journal of Food Science, 79(7). https://doi.org/10.1111/1750-
3841.12509

Whitehead, M. C., Beeman, C. S. & Kinsella, B. A. (1985). Distribution of taste and general sensory nerve
endings in fungiform papillac of the hamster. American Journal of Anatomy, 173, 185-201.
https://doi.org/10.1002/aja.1001730304

Wright, A.O., Ogden, L.V., & Eggett D.L. (2003). Determination of Carbonation Threshold in Yogurt. Journal
of Food Science, 68 (1). https://doi.org/10.1111/j.1365-2621.2003.tb14168.x

Xu, W. L., Bronlund, J. E., Potgieter, J., Foster, K. D., Rohrle, O., Pullan, A. J. and Kieser, J. A. (2008).
Review of the human masticatory system and masticatory robotics. Mechanism and Machine Theory, 43,
1353—1375. https://doi.org/10.1016/j.mechmachtheory.2008.06.003

Yackinous, C. & Guinard, J. X. (2001). Relation between PROP taster status and fat perception, touch, and
olfaction. Physiology & Behavior 72, 427-437. https://doi.org/10.1016/S0031-9384(00)00430-3

Yackinous, C., & Guinard, J. X. (2001). Relation between PROP taster status and fat perception, touch, and
olfaction. Physiology and Behavior, 72(3), 427-437. https://doi.org/10.1016/S0031-9384(00)00430-3

Yeh, C., Johnson, D., & Dodds, M. (1998). Impact of aging on human salivary gland function: A community-
based study. Aging-Clinical and Experimental Research, 10(5), 421-428.
https://doi.org/10.1007/BF03339889

Youmans, S. R., Youmans, G. L., & Stierwalt, J. A. G. (2009). Differences in tongue strength across age and
gender: Is there a diminished strength reserve? Dysphagia, 24(1), 57—65. https://doi.org/10.1007/s00455-
008-9171-2

Young, A. K., Cheong, J. N., Hedderley, D. 1., Morgenstern, M. P., & James, B. J. (2013). Understanding the
link between bolus properties and perceived texture. Journal of Texture Studies, 44(5), 376-386.
https://doi.org/10.1111/jtxs.12025

Youssef, R. E., Throckmorton, G. S., Ellis, E., & Sinn, D. P. (1997). Comparison of habitual masticatory
patterns in men and women using a custom computer program. The Journal of Prosthetic Dentistry, 78(2),
179-186. https://doi.org/10.1016/S0022-3913(97)70123-9

22



Yven, C., Patarin, J., Magnin, A., Labouré, H., Repoux, M., Guichard, E., & Feron, G. (2012). Consequences
of individual chewing strategies on bolus rheological properties at the swallowing threshold. Journal of
Texture Studies, 43(4), 309—318. https://doi.org/10.1111/j.1745-4603.2011.00340.x

Zhao, L., Kirkmeyer, S. V., & Tepper, B. J. (2003). A paper screening test to assess genetic taste sensitivity to
6-n-propylthiouracil. Physiology & Behavior, 78, 625—633. https://doi.org/10.1016/S0031-9384(03)00057-
X

23



Chapter 2

How sensory sensitivity to graininess could be measured?

Published paper

Sharon Puleo®, Nicoletta A. Miele®*), Silvana Cavella®, Paolo Masi®®, Rossella Di Monaco®
@ Department of Agricultural Sciences, University of Naples Federico II, 80055 Portici, Italy

® Academic Centre for Innovation and Development in the Food Industry, University of Naples Federico II,
*correspondent author: nicolettaantonella.miele@unina.it

24



Abstract

Considering the lack of the literature and the need for developing a valid method to measure the
texture sensitivity, in this study, we investigated the individual sensitivity to discriminate among
different levels of graininess. With this purpose, five samples of cocoa-based creams were prepared,
by changing the refining time. Samples were first characterized in terms of particles size distribution,
by means of laser diffraction. Then, 59 subjects evaluated the cream sample graininess intensity, by
using gLLM scales, and their liking, by using LAM scales.

The graininess scores of each subject were fitted with a power model, already observed with the
instrumental results, estimating both the power law exponent and the R? coefficient, and using them
as clustering parameters. Subjects were then clustered into three groups: high sensitivity; moderate
sensitivity; low sensitivity.

First, as it was hypothesized, results showed a significant difference between the three groups in terms
of perceived graininess. Second, even though results showed a significant difference between the
three groups in terms of perceived graininess, only little differences were found in terms of liking
scores. Indeed, all the samples were equally liked for both the moderate and low sensitivity groups,
whereas a significant trend was observed for the highly sensitive subjects who liked more the most
refined samples. No significant relationships were found with age, and only a little trend was observed

with gender: females seemed to be more sensitive than males.
Keywords: Graininess; sensitivity; cocoa-based creams, refining process.

Practical applications

Texture attributes discrimination ability, as for example sensitivity to graininess, could affect food
rejection or preferences and choice, but it is poorly investigated.

This exploratory study, proposes a method to cluster consumers, based on their sensitivity. A
statistical methodology has been developed to discriminate among consumer sensitivity levels.

The results provide useful information about graininess sensitivity suggesting that the used
methodologies could be applied to other texture properties resulting in a valid tool for the industry in

the development and optimization of tailored new products.
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2.1. Introduction

Sensory sensitivity is a personal and intrinsic characteristic, related to individual differences in the
detection of, and reaction to, sensory information, and it involves physiological markers (Dunn,
1999). This means that information from the taste, touch, vision and smell senses are differently
perceived, and consequently evaluated, by different subjects.

Many studies have highlighted that sensory sensitivity plays a pivotal role in food preference and
choice. Several authors found that individual sensory differences affect both preference and
consumption of food (Cardello, 1996; Tuorila, 2007). For instance, the study conducted by Coulthard
& Blisset (2009) showed that children with high sensitivity to taste and smell liked less fruits and
vegetables, and they were also more reluctant towards new foods, than less sensitive ones.

Taste sensitivity and food preferences were also related one to each other in the study of Kaminski
and colleagues (2000), which showed that the most sensitive people perceived the Brussels sprouts
as bitterer and less acceptable than the lowest sensitive ones. However, more in general, the most part
of published studies investigated extensively on taste sensitivity compared to the other human sense
sensitivity, probably as several validated methods were already available, such as PROP test
(Bartoshuk et al. 1994; Zhao et al., 2003), thresholds tests (Martinez-Cordero et al., 2015), and
perceived intensity measurements (Jayasinghe et al., 2017). Texture sensitivity and the way it could
affect food rejection or preferences and choice are poorly investigated. Texture is a multi-parameter
attribute and it involves several senses (Szczesniak, 2002). Mechanoreceptors at oral surfaces are
designed for sensing and detecting any physical/mechanical stimulus exerted on the tissue surface
and they are directly responsible for food texture sensation (Chen, 2014). Generally, humans are
incredibly sensitive to texture. Touch is the primary sense we use to determine it, but kinesthetics (the
sense of movement and position), sound and sight are also involved. Actually, the texture attributes
are unique characteristics, which contribute to the overall enjoyment of the food, for example,
attributes such as ‘‘crunchiness’’, ‘‘crispiness’” and ‘‘thickness’’ are terms commonly used which
drive the consumers to the acceptance of the food (Forde et al., 2002).

Consequently, a huge amount of papers described texture attributes as key drivers for the liking of
several foods, such as strawberry candies (Kalviainen et al., 2000), hazelnut spreads (Di Monaco et
al., 2008); chicken meat (Sow et al., 2010), almonds (Vickers 2014), fresh tomatoes (Oltman et al.,
2016), white chocolate (Ferreira et al., 2017), cheese (Bord et al., 2017) and many others.

Some texture attributes can positively affect the overall perception, e.g. the crunchiness of chips,
others, such as the graininess, negatively do. Chocolate with a particle size above 35um is usually

perceived as gritty or coarse in the mouth, and it is not accepted by consumers. In ice cream, ice
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crystals larger than 40um can be perceived, reducing the consumer’s acceptability (Servais, Jones, &
Roberts, 2002; Birkett, 2009; Petkovi¢, Pajin, & Tomi¢, 2013).

Notwithstanding the importance of texture on food preferences is well documented, there is a limited
understanding of individual texture sensitivity, and whether preferences for texture and mouthfeel
characteristics are innate or learned.

Preferences for texture and mouthfeel greatly varied among individuals (Jeltema et al., 2014).
Jeltema, Beckley, and Vahalik (2016) results have shown that consumers can be segmented by their
mouth behaviors and those groups of individuals show differences in food texture preferences. The
studies conducted by Jeltema and colleagues (2014, 2016) confirmed what Brown and Braxton (2000)
already found: the individuals use different mechanisms for the oral breakdown of food and the
differences in the ability to manipulate the product is a key driver of liking and preference.
Nevertheless, little is known about the individual texture sensitivity and mouthfeel perception. Food
scientists are aware of both the variations in texture perception among different individuals and the
gap between the instrumental measured texture and human perceived texture, even though the full
understanding of the causes behind these variations still remains a challenge (Chen and Rosenthal,
2015).

The scarcity of data may be due to a partial knowledge on how food structure is converted into texture
perception during oral processing and manipulation, and, also, to a lack of a useful methodology to
measure the texture sensitivity. The few already available studies focused the attention on tactile
sensitivity measured by fingers (Nederkoorn et al., 2015; Aktar et al., 2016) or by the tongue
(Lukasewycz and Mennella, 2012; Aktar et al., 2015a), or by the comparison between these two
(Aktar et al., 2015b). Furthermore, even fewer studies have been conducted using real food to measure
texture sensitivity (Steele et al., 2014). In particular, a very recent study conducted by Breen and
colleagues (2019) explored the grittiness perception, using chocolate as a model food. However, they
described the subjects as high and low sensitive in grittiness perception, on the base of discrimination
thresholds for oral point pressure determined with Von Frey Hairs. Consequently, they found a
relationship between oral pressure point threshold estimates and the discrimination of particle size in
chocolate, measured by Just Noticeable Difference. Therefore, to the best of author’ knowledge, no
real food has been properly used to measure the texture sensitivity.

The first aim of this study was to develop a method to measure individual sensitivity to the graininess.
Thus, five samples of cocoa-based creams were prepared, by only changing the refining time in order
to obtain five different levels of graininess. In foods such as chocolate, ice cream, cream soup, sauces,
and spreadable creams, graininess is an undesirable texture characteristic (Imai et al, 1999). Since

people can be differently sensitive to the graininess, also their acceptable levels of graininess may be
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different. Therefore, food designers and developers should consider that people have different
sensitivities and use that information to develop tailored products for specific target groups. Starting
from this background, the second aim of this study was to verify how the graininess sensitivity
affected the cocoa-based cream acceptability of the consumers. The relationships between individual

variables, such as age and gender, and graininess sensitivity were also investigated.
2.2. Materials and Methods

2.2.1. Materials

The following ingredients were used to produce the cocoa-based creams: powder mix (63.66%,
including sugar, icing sugar, cocoa powder, milk powder, and others), sunflower oil (27.76%),
hazelnuts paste (8.00%) and soy lecithin (0.58%). All the ingredients, except for the sunflower oil,
were provided by MAC3 Company (San Clemente, Ravenna, Italy).

The cream was made by using a stirred ball mill (Model Micron 20, Selmi s.r.l., Modena, Italy),
equipped with 60kg of stainless-steel balls, 12 mm in diameter (Miele et al., Accepted Manuscript)
and a recycling pump, allowing the production of 10kg of cream batches.

The refining operation was carried out at a starting temperature of 25°C (at a speed rate of 72 rpm),
and at five different times (20, 30, 35, 45 and 70 minutes) about 1kg of refined cream was withdrawn

and stored in glass containers at room temperature before analysis.

2.2.2. Particle size measurement

A laser diffraction particle size analyzer equipped with Hydro 3000 dispersion unit (Mastersizer,
Malvern Instruments, Worcestershire, UK) was used. About 0.1 g of cream were analyzed at room
temperature and several indices of the particle size distribution based on the volume of particles were
estimated, including the D19, Dso, and Doy, corresponding to the percentages 10%, 50%, and 90% of
particles under the reported particle size, respectively (Fidaleo et al., 2017). For each cream, two

different replicates were analyzed and for each replicate, 20 measurements were performed.

2.2.3. Sensory evaluation

59 subjects (females=33, age range=18-60 years old, age median=28 years old, young adults<28§, 27,
old adults>28, 32) evaluated the five creams and scored their liking by using Labelled Affective
Magnitude scale (LAM), a 100mm vertical line, from 0= “greatest imaginable dislike” to 100=
“greatest imaginable like” and with anchor words spaced according to the spacing’s provided by
Schutz & Cardello (2001). In addition, subjects were asked to score the perceived graininess intensity
by using the generalized Labelled Magnitude scale (gLM), a 100mm vertical line, from 0="no
sensation” to 100= “the strongest imaginable sensation of any kind” and intermediate anchors as

provided by Bartoshuk et al. (2004). The subjects were instructed to the use of gL M scale following
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published procedures (Monteleone et al. 2017). In particular, they had to treat the *‘strongest
imaginable sensation” as the most intense sensation they could image/remember in any sensory
modality.

All the involved subjects were Italian people and naive with sensory evaluation. The tests were run
in separate booths in the sensory laboratory of the Department of Agricultural Sciences (University
of Naples, Italy). 5 grams of each sample were served on plastic teaspoons in a monadic, randomized
and balanced order, identified by three-digit random codes. The subjects were asked to use the
following common procedure to evaluate the graininess intensity: “put all the sample in the mouth,
manipulate it between the tongue and the palate and evaluate the overall graininess (by estimating
both granule dimensions and their abundance). The subjects were provided with a cup of still water
to rinse their mouth before testing the next sample.

Data were collected by means of “Fizz Acquisition” software (Biosystémes, Couternon, France).

2.2.4. Statistical analysis

The particle size indices were analyzed by means of one-way analysis of variance (ANOVA), and
multiple comparison test (Duncan’s test) was used to statistically compare the samples (p < 0.05).
Repeated measures ANOVA and multiple comparison test (Duncan’s test) were used to evaluate if
differences among the sample means (used as repeated factor) were statistically significant (p<0.05),
in terms of both perceived graininess and liking. Next, subjects were clustered in three groups: low
sensitive (LS), moderate sensitive (MS) and highly sensitive (HS). For each group (LS, MS, HS) a
second repeated measures ANOVA was used to verify the effect of the different graininess levels on
both sensory liking and perceived graininess intensity.

In order to verify whether those groups differed in the use of the LAM scale, the individual liking
score range (Aliking= scores given to the most refined sample minus that given to the less refined
one) was submitted to a one-way ANOVA and multiple comparison test (Duncan’s test).

Finally, chi square test was run to analyze the relationship between graininess sensitivity and age
groups (young adults vs old adults). The same approach was used to analyze the relationship with
gender as well.

The XLSTAT statistical software package version 2016.02 (Addinsoft) was used for data analysis.
2.3. Results and Discussion

2.3.1. Particle size distribution
As showed in figure 2.1, refined creams presented an almost unimodal particle size distribution (PSD)
in accordance with Bolenz, Holm, and Langkrir (2014), with a left small shoulder that increased with

the refining time, according to Miele and colleagues (Accepted Manuscript). By increasing the
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refining time, the width of the curves progressively decreased as the peak became higher and moved
towards smaller size values. The PSDs were well summarized by Do, Dso and Do percentiles,
reported in table 2.1 as well as Duncan’s test results (p<0.05).

As expected, the refining time significantly and negatively affected the particle size, result also
consistent with Fidaleo and colleagues (2017). Furthermore, the samples were significantly different

one from each other, in terms of all the parameters extrapolated from the PSDs: D10, Dso, and Doo.
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Figure 2.1. Particle size distributions of the creams after 20, 30, 35, 45 and 70 min of refining.

Table 2.1. Particle size distribution parameters of cocoa-based creams at different refining times.

Refining time Dio Dso Doo

(min) (um) (um) (1m)
20 2.51£0.01¢ 10.2+0.10¢° 4241 ©
30 2.30+0.02¢ 8.8+0.13¢ 32424

35 2.17+£0.01°¢ 7.94+0.05°¢ 26.4+0.4°
45 2.14+0.01° 7.78+0.04° 25.6+0.3°
70 1.72+0.01* 6.32+0.032 19.5+0.2?

In each column, the values followed by different letters were significantly different at p < 0.05.

Fidaleo and colleagues (2017) showed that Dgo values well explained the perceived graininess by a
trained panel. Accordingly, in this study, the Doo values were used as representative parameters of the
particle size distribution of the analyzed creams. The trend of the Dog values versus the refining time

was described with a power law equation (R?=0.964), as shown in figure 2.2.
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Figure 2.2. Trend of Dy values, in function of the refining time. The points marked with different letters were

significantly different (p < 0.05).

2.3.2. Sensory evaluation

59 subjects scored the graininess intensity and the liking by using a gL.M and LAM scale, respectively.
By averaging both perceived graininess intensity and the liking scores, small differences came out
among the sample, as shown in table 2.2. Regarding the perceived graininess, subjects moved on the
scale around the moderate intensity (score=16) and there were no significant differences between the
first two samples, but with the increasing of refining time, the average graininess intensity
significantly decreased. Regarding the liking scores, subjects moved on the scale between like slightly
(score= 56) and like moderately (score=68), and even though a little upward trend was observed
with the increasing of the refining time, only the first and the second samples were significant
different from the last one. The latter result is partially in contrast with the literature. Indeed,
according to Birkett (2009), for products like chocolate creams, particle size should be in a range
between 15 and 25um to ensure the right palatability. Products presenting particle size higher than
25um are perceived as grainy and rough, resulting in lower acceptability. We assumed that this was

due to the different graininess sensitivity of the subjects.

Table 2.2 Perceived graininess and liking means scored by 59 consumers.

Refining time Graininess Liking

(min) (gLMs) (LAMs)
20 21+14¢ 62.+13°
30 23+18¢ 62+19°
35 17+£15% 65+15%
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45 15+£13% 67+13%®

70 12+12° 69+10°
In each column, the values followed by different letters were significantly different (Duncan test, p < 0.05).

To cluster the subjects according to their graininess sensitivity we assumed that in principle sensory
scores should follow the same trend exhibited by Do with varying the refining time, i.e. a decreasing
power law relationship. According to this hypothesis, the graininess scores of each subject were fitted
with a power model, estimating both the power law exponent (which represented the rate of
decreasing of the power law equation) and the R? coefficient, and using them as clustering parameters.
This means that subjects whose scores correlated to a power law equation with high R? coefficients
had a discrimination capability of graininess similar to the instrumental test. Moreover, among these
subjects, those who also had a lowest power law exponent were the most sensitive ones. Accordingly,
the low sensitive subjects were those to whom corresponded low R? and exponent of the power law
correlation equation close to zero.

Next, a descriptive analysis was performed on the exponents and the R? coefficients obtained for each
subject (Table 2.3). The subjects were then clustered based on the quartile’s distribution of both the
exponents and the R? values into three groups: high sensitivity (n=17); moderate sensitivity (n=30);

low sensitivity (n=12).

Table 2.3. Quartiles distribution of power function exponents and the R?.

Power function

Quartiles coefficients R’

Minimum -3.666 0.002
Maximum 1.187 0.916
Mean -0.781 0.334
Ist Quartile -1.440 0.060
Median -0.550 0.272
3rd Quartile 0.105 0.529

So, as a result, the subjects of the high sensitivity group had to have an exponent lower than the first
quartile (25% of distribution equal to -1.44), and at the same time, a R? value higher than the third
quartile (75% of distribution equal to 0.53). On the other hand, subjects who showed an exponent
higher than the third quartile (75% of distribution equal to 0.11), and at the same time, a R? value
lower than the first quartile (25% of distribution equal to 0.06), were clustered in the low sensitivity
group. Consequently, the middle 50% of distribution of both the exponent and R? was classified as

moderate sensitivity group. Figure 2.3 shows the perceived graininess vs refining time response given
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by one representative subject belonging to each group. The subject which belonged to the high

sensitivity group provided scores that well correlated with a rapidly decreasing power law equation

(a). The scores given by the subject which belonged to the low sensitivity group did not correlate to

a power low equation and were independent on refining time (b). Finally, the one which belonged to

the moderate sensitivity group provided scores that lightly correlated to a power law equation which

slowly decreased with increasing the refining time (c).
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Figure 2.3. Trend of the perceived graininess intensity for one subject belonging each sensitivity group in

function of time. High sensitivity group (HS) (a); low sensitivity group (LS) (b); moderate sensitivity group
(MS) (c).

The scores given by each sensitivity group were submitted to repeated measures ANOVA and the

graininess intensity values were plotted against Dgo index in figure 2.4. The scores given by the

33



subjects which belonged to the high sensitivity group were statistically different (p<<0.001) with
varying the Do index and well described how the graininess intensity varied from a score around 25
(between strong and moderate on gLM scale) to a score around 2 (less than weak on gLM scale) with
reducing the particle size. By contrast, the low sensitivity subjects were not able to discriminate
among the sample and all the score were not statistically different and independent on the particle
size (p=0.78). Moreover, for these subjects all the samples were moderately grainy perceived.
Concerning the moderately sensitive subjects, they were able only to differentiate the most refined
sample (scored as moderate) from the less two refined ones (scored between moderate and strong),

whereas the other two samples were perceived similar one to each other (p=0.017).

The above discussion supports the starting hypothesis that not all the subjects are able to discriminate
in the same way the graininess. Actually, some of them well perceive differences in the particles size,
scaling the graininess intensity of the sample from less than weak to more than moderate,
demonstrating their sensitivity, other subjects score always the samples on the middle region of the
scale, due to their low sensitivity. These results suggest that the proposed approach may be a useful

procedure to differentiate among the subject behavior.

34



strong

moderate

50

weak

b) s
30

25

Graininess Intensity (gLM scale)

strong

[ L moderate

weak

15

20 25 30 35 40 45 50

Dy (km)

a) 35
30
o
< 25 d
o
a
2 g
[
2 20
Z
@
2 1
2
£ 15
@
o bc
=
‘s 10
©
; !
ab,
5 I
$a
0
15 20 25 30 35 40 45
Dgo (um)
c) 3

30

25

ab
20 ab

strong

moderate

15 +a

10

Graininess Intensity (gLM scale)

weak

15 20 25

Figure 2.4. Perceived graininess scored by different sensitivity groups: High sensitivity group (HS) (e); low
sensitivity group (LS) (A); moderate sensitivity group (MS) (m). In each group, the points marked with

30

35

Dy (Hm)

different letters were significantly different (p < 0.05).

Based on the results presented in table 2.2, which showed small differences among the samples in
terms of the liking, the second aim of this study was to verify whether graininess sensitivity of the
subjects affected the liking. Figure 2.5 shows the average liking scores given by the subjects which
belong to the three different sensitive groups. The highly sensitive subjects (a) liked significantly
more the two most refined creams than the other three samples (p<<0.001). Moreover, they differently
liked the samples, by moving on the scale from very much (score=78) to slightly (score=56). The

liking scores given by both lowly (b) and moderately (c) sensitive subjects ranged from slightly and
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moderately, with a wide variability. However, regarding the moderately sensitive subjects, even if no
effect was found, a little downward trend was observed between the liking scores and the Dgg values.
These results seem to suggest that subjects differently used the LAM scale. To statistically support
this statement, the individual liking score range (Aliking) was calculated and submitted to a one-way
ANOVA, by using the sensitivity group as independent variable. Actually, highly sensitive subjects
(Aliking=15+3) used a wider portion of the scale than both the moderate sensitive group
(Aliking=6+3) and the low sensitive one (Aliking=2+2). This result supports what has been noticed.
As graininess was the only attribute that varied among the samples, (Fidaleo et al., 2017), subjects
who were not able to perceive the difference in term of graininess, equally liked the samples. Instead,
subjects who were able to discriminate among the particle size in the samples liked more the most
refined one, which being less grainy was more accepted by consumers, as reported in the study

conducted by Petkovi¢, Pajin, & Tomi¢ (2013).
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Figure 2.5. Liking scored by different sensitivity groups: High sensitivity group (HS) (®); low sensitivity group
(LS) (A); moderate sensitivity group (MS) (m). In each group, the points marked with different letters were
significantly different (p < 0.05).

Finally, concerning the influence of age and gender on the graininess sensitivity from the chi square
test results, no significant relationships were found with age (x*=2.99, p=0.224), that is in contrast
with the founding of Laguna and colleagues (2016), who described a significant decline in touch
sensory abilities with the increasing of age. Moreover, only a small influence was found for gender
(x*=5.71, p=0.057). In particular, females seemed to be more sensitive than males. In fact, 54% of

males were included in the low sensitivity group.

To the best of the authors’ knowledge, the methodology used in this study has not been adopted by
other authors and thus, a direct comparison of our results with other results reported in the literature
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should be performed with caution. However, our results are consistent with the recent study
conducted by Breen and colleagues (2019) who measured the ability of consumers to discriminate
between different particle sizes in chocolate. Although they measured the individual sensitivity by
means of oral point-pressure, they also found a significant relationship between the different oral
sensitivity groups and the texture perception of dark chocolate. In particular, their high sensitive
group was able to identify chocolate with larger particle size as being grittier, while the low sensitive

group performed the experiments by chance.

Also, our results are congruent with the study recently conducted by Furukawa and colleagues (2019).
They measured the graininess recognition threshold by using an up-down staircase method on nine
different aqueous suspensions of microcrystalline cellulose, clustering people in different groups
according to their sensory acuity, proving an oral sensory variety. Our results are also consistent with
the study conducted by Nederkoorn, Houbena, and Havermans (2019) which showed that texture
sensitivity is related to the appreciation of mouthfeel. However, to prove that, they measured the
fingers-tactile sensitivity which in turn was related to the pickiness in eating. It is noteworthy that,
Aktar and colleagues (2015) demonstrated that the tongue is even more sensitive to touch than fingers,
supporting, even more, our results. They suggested also that people capability to discriminate
viscosity is related to the experience and it was little influenced by the tactile sensitivity. On the other
hand, the study of Engelen and van der Bilt (2008) demonstrated that some oral physiological
parameters such as: oral sensitivity, tongue movements, temperature and saliva composition, were
relevant for texture evaluation of semisolid foods, since they well correlated with various perceived
texture attributes, and therefore differences in texture perception among individuals could be
attributed to variations in oral physiology.

Our results are in contrast with the results of Lukasewycz and Mennella (2012) which, measuring the
lingual tactile acuity and the food texture preferences among children and adults, concluded that
lingual acuity and preferences are not correlated. However, to measure the lingual sensitivity they
used a modified Essick letter identification task, that consists in recognizing letters of the alphabet
embossed on rectangular Teflon strips and they have not proved that this method is representative of
what happens when one manipulates a real food. In addition, Kremer and colleagues (2005)
demonstrated that differences in texture perception exist between different groups of people. Indeed,
they measured the intensity of the perception of some texture attribute such as creaminess, flouriness,
and roughness and verified if the texture perception influenced the overall liking, using real soups
changing in thickness levels. They found that elderly people perceived the soups as less creamy than
the young people, but no differences came out for the other texture attributes. Also, they did not find

any relationships with the overall liking.
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It is well known that texture perception may be influenced by the culture, experience and external
context (Engelen and van der Bilt, 2008), and, in addition, previous studies have shown that variation
in oral processing behavior can affect the sensory perception of foods (Devezeaux de Lavergne et al.,
2015), and the preferences as well (Jeltema, Beckley, and Vahalik, 2014, 2015). For this reasons all
the people involved in our experiment were untrained Italian subjects and a standardized technique
was used to evaluate the samples, as described in a previous section. Still, there are some difficulties
in comparing our result to the literature. First, because the food system we used is different from that
used in other works based on other food systems or even not food samples. Second, because of the
new statistical approach we used to cluster the subjects. Therefore, some differences in outcomes can
be due both to differences in the used food product and to the approach we proposed. Finally, the
small number of involved subjects has to be considered as a critical limitation of this study, especially

in terms of hedonic results.
2.4. Conclusions

There is a lack in the literature about methods for measuring the sensitivity to the graininess as key
texture attribute. In order to develop a suitable method for evaluating the graininess sensitivity, five
samples of cacao-based creams were prepared by means of a stirred ball mill using different refining
times. Instrumental data showed that different refining times resulted in different levels of graininess,
via the Dogo index of the PSD, and that this index was correlated to refining time by a power law
equation. By assuming that sensory graininess scores must correlate to refining time in the same way
the Dyo index does, the R? values and the estimated exponents of the power law equation, derived by
the best fit of the data relative to each subject, were used to cluster the subjects into three groups
having different graininess sensitivity.

The graininess sensitivity also lightly affected the liking scores. Indeed, although all the samples were
equally liked for both the moderate and low sensitivity groups, a significant trend was observed for
the highly sensitive subjects.

However, no significant relationships were found with other variables. This was probably due to the
small number of subjects involved in the study.

In conclusion, texture sensitivity knowledge is crucial to highlight or avoid specific textural attributes
for a specific target of consumers; consequently, it will be useful for the food industry to develop
tailored foods. The present approach could be used to investigate other texture attributes. Indeed, we
showed that if a sensory characteristic can be measured by means of an instrumental analysis, first, a
relationship between this characteristic and a process/ingredient variable has to be found. Then, the
equation coming out could be used to cluster subjects for their sensitivity to that sensory property.

This approach is easy to perform and can be applied by means of a user-friendly software, such as
39



excel. Finally, more studies should be performed to investigate also on other individual variables

hypothetically related to texture perception, such as BMI, prop status, as well.
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Abstract

Hardness is a key texture attribute which plays an important role in food preferences, however,
relatively little is known about the sensitivity to perceive the hardness by different people, since there
are no validate methods useful to measure it.

This study aimed to validate our previous research based on developing a method to measure the
graininess sensitivity by clustering people according to their ability. The role of age and gender on
hardness sensitivity was also investigated.

Four formulations of jellies were prepared by mixing orange juice, sugar and agar-agar, in different
concentrations, in order to obtain different levels of hardness. First, mechanical measurements by
means of a texture analyser were performed in order to characterize the samples. Then, 248 consumers
(females=112; age median = 28 years old) evaluated first jellies liking by using the LAM scale and
secondly the hardness intensity by using the GLM scale. The subjects were then clustered based on
their hardness sensitivity into three groups: high sensitivity, moderate sensitivity; low sensitivity.
Repeated measures ANOVA model was used to analyse the data.

Jellies with 3, 5, 7 and 9% of agar-agar significantly varied in terms of hardness. Moreover, the
hardness values (N) followed a linear model with an R? equal to 0.98. The hardness intensity trend
for each consumer was also fitted by a linear equation. Then, consumers were clustered based on both
the angular coefficient and R squared value into three groups (highly sensitive; average sensitive;
lowly sensitive).

Repeated measures ANOVA results showed a significant difference between the three groups in terms
of perceived hardness (p<0.0001), demonstrating how the used criteria can be valid for clustering the
subjects. Different hardness sensitivity slightly affected liking scores (p<0.05). Age and gender
significantly affect the hardness sensitivity; in particular, the highly sensitive group was more
represented by young and adult subjects than old ones (p=0.032) and by more males than females
(p=0.027).

We conclude that differences in hardness perception exist and the approach we used is valid to
measure them. Also, individual characteristics, such as gender and age, play an important role on
hardness perception and food liking. Future researches need to be conducted in order to investigate

other texture attributes and include other variables, such as psychological traits in the model.

Keywords: texture sensitivity; individual variables; jellies; TPA.
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3.1. Introduction

Food preferences and choice are influenced by many interacting factors (Monteleone et al., 2017),
but a pivotal role is played by the personal liking. Besides taste, smell and appearance, texture is a
prominent aspect on which liking of food is based (Szczesniak, 1991; Moskowitz & Krieger, 1995).
Texture also plays a decisive role in the aversion to some types of food, like oysters (Scott & Downey,
2007), or grainy chocolate creams (Petkovi¢, Pajin, & Tomi¢, 2013). In general, food that is tough,
gummy, or slimy is disliked more often than food that is crispy or crunchy (Szczesniak, 2002).

Also, in some foods, the perceived texture is a key indicator of food quality and it is more influential
on consumer choice than flavour and colour (Lawless & Heymann, 2010). The context plays a key
role in preferences, for example at breakfast time, generally, soft products are more preferred than
products with a harder consistency, while an opposite behaviour is observed at dinner time
(Szczesniak, 2002).

Of course, what makes a product texturally different are the ingredients. For instance, the type of
thickener and of course the quantity, strongly affect the perceived consistency of candies, because
different thickener agents produce different texture characteristics (Kélvidinen et al, 2000).
Therefore, the interaction effect between the formulation and the perception of texture attributes is
quite obvious and intuitive. Also, variations in texture can be obtained by changing some process
variables. Different refining times, for instance, can lead to different levels of graininess, in products
like fat-based creams (Miele, Borriello, Fidaleo, Masi, & Cavella, 2020). More in general, preparation
of foods can influence their crunchiness, sliminess, softness and easiness to handle, and this, in turn,
influences the liking of foods (Zeinstra, Koelen, Kok, & De Graaf, 2010). The study conducted by
Zeinstra and colleagues (2010) demonstrated that preparation methods increasing crunchiness were
liked better, whereas preparation increasing granular texture was disliked.

On the other hand, studies conducted by Jeltema, Beckley, and Vahalik (2014, 2016) have shown that
consumers can be clustered by the way they manipulate food in their mouths (Mouth Behavior) and
these groups of individuals show differences in food texture preferences. Furthermore, if on the one
hand there are general preferences for specific textures (Szczesniak, 2002), on the other hand, this
effect could be larger for people who are more sensitive to specific texture attributes and have less
tolerance for specific textures. This hypothesis is based on what happens with taste and odour
sensitivity (Cardello, 1996; Kaminski, Henderson, and Drewnowski, 2000; Tuorila, 2007; Coulthard
and Blissett, 2009).

With this background, different studies have been conducted on texture sensitivity and on whether it
may affect food liking (Finkelstein & Schiffman, 1999; Coulthard & Sahota, 2016). The differences

in liking are usually explained by differences in detection thresholds, but it is known, for instance,
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that altered processing of tactile stimulation also play a role (Ide, Yaguchi, Sano, Fukatsu, & Wada,
2018). However, since texture perception is multisensory in nature, involving touch (both manual and
oral) sight and hearing, (Szczesniak, 2002; Nishinari, Kohyama, Kumagai, Funami, & Bourne, 2013),
the evaluation of individual texture sensitivity can be tricky. Over the years, different methods have
been developed and used to measure the sensitivity, such as oral form recognition (Essick, Chen, &
Kelly, 1999), size and weight discrimination tests (Johnson & Phillips, 1981), stereognosis (Jacobs,
Serhal, & van Steenberghe, 1998), two-point discrimination (Engelen et al., 2004), force perception
(Pigg, Baad-Hansen, Svensson, Drangsholt, & List, 2010), and other physiological measures
(Bangcuyo & Simons, 2017; Calhoun et al., 1992; Linne & Simons, 2017).

Although the proposed approaches showed interesting results, they do not fully reflect the real
perception of the texture and do not allow to measure sensory sensitivity to it, as it relates to real
products. Some recent studies have been conducted using model food to measure texture sensitivity
(Aktar et al., 2017; Shupe et al., 2018; Steele, 2018; Breen, Etter, Ziegler, and Hayes 2019) and even
fewer studies have been performed using real food (Steele, James, Hori, Polacco, & Yee, 2014;
Pellegrino et al., 2019). Recently, our last study (Puleo et al., 2019) showed a new method to measure
the human sensitivity to graininess, using cocoa-based creams as real tested food. The subjects were
asked to evaluate five samples with different levels of the target sensation. To cluster the subjects
according to their graininess sensitivity it was assumed that, in principle, sensory scores of highly
sensitive subjects should have followed the same trend observed from the instrumental results. The
authors of that study were able to cluster people according to their sensitivity, and they concluded
that the proposed approach could be used to investigate other texture attributes.

The aim of this work was to validate the proposed method (Puleo et al. 2019), using a larger sample
of subjects and investigating another texture attribute: the hardness. Thus, four jellies were prepared,
by only changing the concentration of agar-agar, in order to obtain four different levels of hardness.
In foods such as jellies, the hardness is an important key attribute for the consumer preference
(Kilvidinen et al., 2000; Saint-Eve et al., 2011). Since people can be differently sensitive to the
hardness (Nederkoorn 2015), also their acceptable levels of hardness could be different.

Starting from this background, the second aim of this study was to verify how the hardness sensitivity
affected the jellies liking of the consumers. The relationships between individual variables, such as

age and gender, and hardness sensitivity were also investigated.
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3.2. Materials and methods

3.2.1 Materials

Agar-agar powder was supplied by ACEF (Italy). Agar powder was added to red-orange juice
(Valfrutta, San Lazzaro Di Savena, Bologna, Italy) which was heated up to 95°C. The solution was
stirred for 10 min, poured into Petri plates and cooled down at room temperature. Once cooled, a
circular mould (diameter=16mm) was used to make barrel-shaped samples (height=10mm). Finally,
the jellies were covered with non-hygroscopic icing sugar in order to mask potential changes in

colour. Four agar-agar concentrations were used (3, 5, 7 and 9%).

3.2.2 Texture Profile Analysis

Texture profile analysis (TPA) test, which is based on the imitation of mastication or chewing process,
was performed with double-compression cycles (Texture Analyser - Food Technology Corporation
TMS-Pro). TPA was performed using a 75-mm diameter plate and with load-bearing cells (50 N, 500
N) chosen according to the attainable maximum load on samples during test execution. Data were
acquired through Texture Lab Pro Software. Tests were performed with a crosshead speed of 40
mm/min, imposing 40% as maximum deformation for the first cycle, with preventive confirmation
of breakup within such a range of the examined samples. For each sample, ten replications were

performed and the values of the first maximum peak (hardness, N) were extrapolated from the curve.

3.2.3 Sensory evaluation

A total of 248 subjects (females = 112, age-range = 18—60 years old, age median = 28 years old,
young <25, n= 68; 25<adults>41, n=115; old >41, n= 65) evaluated the four jellies and scored their
liking by using Labeled Affective Magnitude scale (LAM), a 100 mm vertical line, from 0 = “greatest
imaginable dislike” to 100 = “greatest imaginable like” and with anchor words spaced according to
the spacing's provided by Schutz and Cardello (2001). In addition, subjects were asked to score the
perceived hardness intensity by using the generalized Labeled Magnitude scale (gLM), a 100 mm
vertical line, from 0 = “no sensation” to 100= “the strongest imaginable sensation of any kind” and
intermediate anchors as provided by Bartoshuk et al. (2004). The subjects were instructed to the use
of gl.M scale following published procedures (Monteleone et al., 2017). In particular, they had to
treat the “strongest imaginable sensation” as the most intense sensation they could image/remember
in any sensory modality.

All the involved subjects were Italian people recruited by means of social network, flyers and word
of mouth. The tests were run in separate booths in the sensory laboratory of the Department of
Agricultural Sciences (University of Naples, Italy). Four samples were served on the plastic plate in

a monadic, randomized and balanced order, identified by three-digit random codes under red light.
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The subjects were asked to use a common procedure to evaluate the hardness intensity, consisting of
compressing the samples between molars and evaluate the perceived hardness explained as the force
required to compress the sample (Sensory Analysis Methodology — Texture profile: ISO 11036). The
subjects were provided with a cup of still water to rinse their mouth before testing the next sample.

Data were collected by means of “Fizz Acquisition” software (Biosystémes, Couternon, France).

3.2.4 Data analysis

The instrumental hardness values were analysed by means of one-way analysis of variance
(ANOVA), and multiple comparison test (Duncan's test) was used to statistically compare the samples
(p <0.05). Repeated measures ANOVA and multiple comparison test (Duncan's test) were used to
evaluate if differences among the sample means (used as a repeated factor) were statistically
significant (p <0.05), in terms of both perceived hardness and liking. Next, subjects were clustered in
three groups: lowly sensitive (LS), moderately sensitive (MS) and highly sensitive (HS), according
to the approach proposed by Puleo et al. (2019). For each group (LS, MS, HS) a second repeated-
measures ANOVA was used to verify the effect of the different hardness levels on both sensory liking
and perceived hardness intensity.

Finally, chi-square test was run to analyse the relationship between hardness sensitivity and age
groups (young vs adult vs old subjects). The same approach was used to analyse the relationship with
gender as well. Also, age groups and gender were used as independent variables in repeated measures
ANOVA, to verify the effect of these individual variables on perceived hardness intensity and sensory
liking.

The XLSTAT statistical software package version 2016.02 (Addinsoft) was used for data analysis.
3.3. Results and discussion

3.3.1 TPA results

The TPA curves of the four jellies are shown in figure 3.1.
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Figure 3.1. TPA curves (average of ten replications) of the four jellies differing for agar-agar concentration (3,

5, 7 and 9%).

As showed in the figure, by increasing the concentration of the gelling agent, both the first and second
peak became higher, in accordance with (Muiitoz, Pangborn, & Noble, 1986). The values of the first
peak of each sample were extrapolated from each curve and reported as values of instrumental
hardness (Table 3.1). Maximum peak values were found useful in modelling the human perception
of hardness in the mouth (Di Monaco, Cavella, & Masi 2008; Drake & Gerard, 1999; Martens &
Thybo, 2000). Accordingly, in this study, the values of the maximum peaks were used as

representative parameters of the hardness of the tested jellies.

Table 3.1. Maximum peak values (N) of jellies at different agar-agar concentrations (%).

ﬁffcr ;%:artion (%) Maximum peak (N) Standard deviation Significant groups
3 24.207 1.402 A
5 40.105 3.216 B
7 62.048 3.124 C
9 91.509 4.515 D

These values are higher than those described by Cappa, Lavelli, & Mariotti (2015) which reported
low peak force values (below 1.62N). However, they extrapolated the value of hardness from the
results of a puncture test, conducted by a conical probe, at a speed of 120 mm/min, up to 35 mm of
distance from the contact point. The hardness instrumentally measured is strongly depended on the
probe, the crosshead speed and the ratio of deformation (Pons & Fiszman, 1996). Indeed, our values

resulted also higher than those reported by Henry, Katz, Pilgrim, & May (1971), which reported
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values between 0.18 and 1.20N, by conducting a double compression at a speed of 127 mm/min, up
to 25% of deformation.

By generally speaking, the values of the maximum peak are well correlated to the sensory attribute
of hardness (Corollaro et al., 2014; Costa et al., 2011; Di Monaco, Cavella, & Masi, 2008).
Accordingly, in this study, the values of the maximum peaks were used as representative parameters
of the hardness of the tested jellies. The trend of the maximum peaks was described with a linear
equation (R>=0.98), as shown in Figure 3.2. In figure 3.2 the significant differences between the
samples are also showed (Duncan’s test, p<0.0001).
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Figure 3.2. Trend of maximum peak values (hardness, N), in function of the concentration of gelling agent

(agar-agar). The points marked with different letters were significantly different (p < .05).

3.3.2 Sensory evaluation
A total of 248 subjects scored the liking and the hardness intensity by using a LAM and gLLM scale,
respectively. By averaging both liking and perceived hardness scores, significant differences came

out among the samples, as shown in Table 3.2.

Table 3.2. Liking and perceived hardness scores (mean value + standard deviation) given by 248 subjects.

Agar-agar Liking Perceived hardness
concentration (%) (LAM scale) (gLM scale)

3 50+£14¢ 8+8?

5 47+14° 14+11°

7 434152 20+£14°

9 43£15° 23154

In each column, the values followed by different letters were significantly different (Duncan test, p < 0.05).
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Regarding the liking scores, subjects moved on the scale between dislike slightly (score = 43) and
neither like nor dislike (score =50), thus a slight downward trend was observed with the increase of
the concentration of the gelling agent. Typically, a jelly is constituted by low concentrations of gelling
agent (Barrangou, Drake, & Daubert, 2006; Cappa et al., 2015) and the effect of previous experiences
on texture preferences it is well documented (Baron & Penfield, 1993; Monteleone, Frewer,
Wakeling, & Mela, 1998; Pliner, 1982). Therefore, the observed liking decreasing with the increasing
of the gelling agent concentration is probably due to the unfamiliarity of the most concentrated
samples. Indeed, our results are in agreement with the study conducted by Kilvidinen, Schlich, &
Tuorila (2000), which demonstrated that specifically in the case of candy, consumers' preferences
were explained by the liking of commercial candies with a similar texture.

Regarding the perceived hardness, subjects moved on the scale around the weak and between
moderate and strong intensity (score= 8 and =23, respectively), significantly discriminating among
all the samples.

To cluster the subjects according to their hardness sensitivity, we followed the method proposed by
Puleo et al. (2019). Therefore, we assumed that the sensory scores should follow the same trend
exhibited by the instrumentally measured hardness, with the increasing of the gelling agent
concentration, that is, an upward linear relationship.

According to Puleo et al. (2019), the hardness scores of each subject were fitted with a linear equation,
estimating both the angular coefficient (which represented the rate of increase of the linear equation)
and the R? coefficient, and using them as clustering parameters.

This means that subjects whose scores correlated to a linear equation with both high R? coefficient
and high angular coefficient had a very good sensitivity to hardness differences among samples,
similar to the instrumental method (TPA). Accordingly, the lowly sensitive subjects were those to
whom corresponded low R? coefficients and angular coefficient of the linear equation close to zero.
Next, a descriptive analysis was performed on both the angular and the R? coefficients obtained for
each subject (Table 3.3). The subjects were then clustered based on the quartile's distribution of both
the angular and the R? values into three groups: high sensitivity (n = 77); moderate sensitivity (n =
86); low sensitivity (n = 85).

Therefore, the subjects in the high sensitivity group had to have an angular coefficient and, at the
same time, an R? value greater than the third quartile (75% of distribution, equal to 7.80 and 0.85,
respectively). On the other hand, subjects described by a linear equation with angular coefficients
and, at the same time, R? values, lower than the first quartiles (25% of distribution, equal to 1.40 and
0.20, respectively) were grouped in the low sensitivity group. Consequently, the middle 50% of the

distribution of both the angular coefficients and R? was classified as moderate sensitivity group.
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Table 3.3. Quartiles distribution of angular coefficients and the R2.

Quartiles Angular coefficient R?

1% Quartile 1.40 0.20
Median 4.50 0.58
3 Quartile 7.80 0.85
Maximum 34.60 0.99
Minimum -13.10 0.00

The scores given by each sensitivity group were submitted to repeated measures ANOVA and the

hardness intensity values were plotted against the instrumentally measured hardness in Figure 3.3
(a,b,c).
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Figure 3.3. Perceived hardness scored by different sensitivity groups. (a) High sensitivity group (¢ HS); (b)
moderate sensitivity group (A MS); (c) low sensitivity group (e LS). In each group, the points marked with
different letters were significantly different (p < .05).

The scores given by the subjects which belonged to the high sensitivity group (figure 3.3a) were
statistically different (p<0.0001) with varying the hardness (N) and well described how the hardness
intensity varied from a score around 6 (weak on gLM scale) to a score around 34 (strong on gLM
scale). By contrast, the lowly sensitive subjects (figure 3.3¢) were able to discriminate only among
the less and the most concentrated sample (p=0.043). Moreover, for these subjects, all the samples
were scored between weak and moderately hard. Concerning the moderately sensitive subjects (figure
3.3b), they were able to discriminate between all the samples (p<0.0001), except for the two most
concentrated ones (p=0.17) which were both perceived as little bit more than moderately hard.

The observed differences regarding the use of the scale demonstrated that subjects are differently
sensitive to the hardness attribute. Indeed, in particular, the lowly sensitive subjects scored the
samples always on a little region of the scale, properly because of their inability to perceive the
differences.

The results are absolutely in agreement with our previous findings (Puleo et al., 2019). Indeed, in our
precedent study, we measured the graininess sensitivity and we concluded that the proposed approach
could have been used to investigate also other texture attributes. Nevertheless, in this present study,
the relationship between the instrumentally measured hardness and the concentration of gelling agent
was linear, in contrast with our previous study (Chapter 2), where the relationship between graininess
and refining time was the power-law type. It is true indeed, that usually, the correlation between the
perception of a sensory property and its governing driver (different ingredient or a different process
variable, etc.) is not linear-like. Therefore, different ranges of gelling agent concentration, probably,
could be explained by other mathematical models.

Despite this, the results described above demonstrated that if a sensory attribute can be instrumentally
measured, no matter what kind of relationship exists between this attribute and the ingredient/process
variable, it will explain the individual sensitivities.

Of course, by generally speaking, differences in texture sensitivity may be due to poor dentition
(Roininen, Fillion, Kilcast, & Lahteenmaki, 2003) social factors, medications, physical and
physiological issues (Donini, Savina, & Cannella, 2003) and oral processing behaviour (Devezeaux
de Lavergne, Derks, Ketel, de Wijk, & Stieger, 2015). However, to set aside all these affecting
variables, all the people involved in our experiment were healthy Italian subjects, without dental
issues, and a standardized technique was explained to them before the test, as described in a previous

section.
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Therewith, to the best of the authors' knowledge, really few studies have been conducted on individual
sensitivity to the hardness, and moreover, the methodology used in this study has not been adopted
by other authors. However, significant differences in hardness sensitivity, mostly related to the age,
were also significant in the study conducted by Shupe, Resmondo, & Luckett, (2018), where the
subjects were asked to discriminate between foam samples of varying hardness.

By looking at the results presented in Table 3.1, small differences among the samples in terms of the
liking came out. Furthermore, the second aim of this study was to verify whether the hardness
sensitivity of the subjects could affect the liking. Figure 3.4 shows the average liking scores given by

the subjects belonging to the three different sensitivity groups.
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Figure 3.4 Liking scored by different sensitivity groups. (a) High sensitivity group (¢ HS); (b) moderate
sensitivity group (A MS); (c) low sensitivity group (e LS). In each group, the points marked with different
letters were significantly different (p < 0.05).
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The highly sensitive subjects (a) liked significantly more the softer sample (3% agar-agar) than the
other three samples (p << 0.001), which in turn were equally liked. Instead, the lowly and moderately
sensitive subjects liked significantly more the harder version (9% agar-agar) than the other three
samples (p << 0.001). This result may confirm what explained above. Typically, a jelly is constituted
by low concentrations of gelling agent (Barrangau et al., 2006; Cappa, Lavelli, Mariotti, 2015),
therefore the highly sensitive subjects are more able than others to isolate the familiar sample from
the other ones, recognizing the unfamiliar hardness. Moreover, repeated-measures ANOVA analysis
was run to verify the effect of the individual sensitivity on the liking for each tested sample (Table
3.4). The lowly sensitive subjects gave lower scores than moderately and highly sensitive ones to all

the samples, however, these differences were not significant.

Table 3.4. Liking scores (mean value + standard deviation) given by different sensitivity groups: high

sensitivity group (HS); low sensitivity group (LS); moderate sensitivity group (MS).

Sensitivity Agar-agar Agar-agar Agar-agar Agar-agar
group 3% 5% 7% 9%
HS 50+14 46+13 44+13 41+£15
MS 50+13 49+12 45+15 45+13
LS 50+15 46+16 41£17 41+16
Pr>F 0.800 0.266 0.257 0.174

Finally, to study the effect of the individual variables, the chi-square test was run to analyse the
relationship between hardness sensitivity and three age groups (young people, adults, old people).
The same approach was used to analyse the relationship with gender as well.

Therefore, regarding the age effect, subjects were clustered in three groups of age, according to cut-
offs based on the age quartiles distribution: young <25, n=68; 25<adults>41, n=115; old >41, n=65.
Young, adult and old subjects significantly differed in hardness sensitivity group distribution (y~ =
10.5; p = 0.032). Highly sensitivity group was significantly more represented by young (39%) and
adult (43%) than by the old subjects (18%). While moderate sensitive young subjects (17%) formed
a significant less abundant group than moderate sensitive adult (50%) and old (33%). This result is
in accordance with the study conducted by Conroy, O’ Sullivan, Hamill, & Kerry (2017). They
highlighted that textural sensitivity was affected by the increasing of age. In particular, in their study,
subjects over 70 years old were not able to discriminate different levels of tenderness in the meat.
Our results are also in accordance with the previous study conducted by Forde & Delahunty (2002)
which showed that older consumers were less able to discriminate between texture stimuli of liquid,

semisolid e solid foods, indicating a loss of sensory function. More in general, different studies
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demonstrated how the loss of textural acuity may be due to poor dentition (Roininen et al., 2003), and
how sensory decline may be related to the ageing process (Morley, 2001).

Moreover, to study the effect of age on liking, repeated-measures ANOVA was run using the age
groups as independent variables. Results showed that old subjects liked significantly more the first
two samples (p<0.05) than the adult and young subjects, while there were no significant differences

between the age groups for the other two samples (Table 3.5).

Table 3.5. Liking (means + standard deviation) scored by three age groups, young, adult and old subjects.

Age groups Agar-agar 3% Agar-agar 5% Agar-agar 7% Agar-agar 9%
Young 502 462 42400 42400
(n=68)
Adult

+1?2 44+12 42+]12 41+£12
(n=115) 48+l
Old

+2P 5242° 47420 46+2°
(n=65) >3

In each column, the values followed by different letters were significantly different (Duncan test, p < 0.05).

As it is explained in the paragraph of TPA results, the first two samples were softer than the others.
Thus, the preference for softer versions of food by old subjects has been already demonstrated in
some studies. In particular, our results are in accordance with the study conducted by Conroy et al.
(2017), where the oldest age cohort (71-75 years old) significantly and positively correlated the most
tender sample to the overall acceptability. Moreover, other studies described the effect of age on
texture preferences. For instance, textural changes in muesli products evaluation had a higher impact
on the liking of elderly assessors when compared to younger subjects (Kilvidinen, Salovaara, &
Tourila, 2002). In another paper, studying the different textural preferences for carrots, it was shown
that young adults liked tricky textures such as rough, crispy, crunchy and hard to a far greater level
than the elderly subjects (Roininen et al., 2003).

Regarding the effect of gender on the hardness sensitivity, the results of the chi-square test showed
that males and females significantly differed in hardness sensitivity group distribution (3> = 5.9; p =
0.012). Indeed, the high sensitivity group was significantly more represented by males (65%) than
females (35%). On the contrary, of course, the low sensitive group was significantly more represented
by females (58%) than males (42%). In the moderate sensitivity group, females and males were
equally distributed.

In this case also, a direct comparison with other studies cannot be done, because the approach used
in this study has not been adopted by other authors. However, by comparing our results with studies
that used different methodologies, the last found effect is in accordance with the results of Youmans,

Youmans, & Stierwalt (2009), where a gender difference in tongue acuity was showed. In particular,
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they measured the texture sensitivity as the strength of the tongue and concluded that women had a
reduced tongue strength reserve compared to men. Also, it is worth emphasising that individuals
presenting different mouth behaviour (different ways and times to consume the food) perceive the
texture of products differently (Jeltema, Beckley, & Vahalik, 2015). Furthermore, if intended as
related to the consumption time, bite-size and eating rate, the texture sensitivity resulted affected by
the gender variable in the recent study conducted by Ketel et al., (2019). Indeed, males resulted in
having a larger average bite size for liquid, semi-solid and solid foods and higher eating rate for solid
foods than females.

Finally, repeated measures ANOVA conducted to study the effect of gender on liking, did not show
any significant differences between males and females (p>0.05).

In general, the results presented in this paper confirmed our previous findings (Puleo et al., 2019),
validating, in this way, the proposed approach. People have an individual ability to perceive the
differences in texture which translates into different texture sensitivity. In our previous paper, indeed,
we were able to cluster subjects according to their graininess sensitivity. By means of the same
approach, in this study, we were able to cluster subjects according to their hardness sensitivity. This
kind of sensitivity leads to differences in texture preferences which is a crucial notion to determine
food product acceptance, especially in view of developing new tailored food products, such as for
elderly people. It is a fact, indeed, that hardness sensitivity was affected by age and that different age

groups preferred different levels of hardness.

3.4. Conclusions

In order to validate our approach to cluster subjects according to their texture sensitivity, and to
investigate the perception of another texture attribute, four jellies were developed by changing the
level of hardness. Instrumental data showed that different concentration of the gelling agent resulted
in different levels of hardness, via the maximum peak (hardness, N) of the TPA curve, and that this
index was correlated to the agar-agar concentration by a linear equation. By assuming that sensory
hardness scores had to be correlated to the agar-agar concentration in the same way of instrumental
hardness does, the R? and the angular coefficients of the linear equation, derived by the fitting of the
sensory data of each subject, were used as clustering parameters. Indeed, subjects were clustered into
three groups having different hardness sensitivity. Belonging to a group instead of another, lead to
different preferences for different levels of hardness.

Hardness sensitivity resulted affected by age and gender, indicating that, on one side, it can decrease
during the ageing process, and on the other side, it may be innate and depending on the gender.

In conclusion, once again we demonstrated that this approach is easy to perform and valid to cluster

people according to their sensitivity. For this reason, other studies can be performed by using this
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method, to investigate other texture attributes and other individual variables, such as taste sensitivity

and psychological traits.
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Oral sensitivity to viscosity and food neophobia drive food preferences
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Abstract

Food preferences and choice are affected by individual variables, some of which related to sensory
sensitivity and psychological traits. How texture sensitivity could lead to different food preferences
is quite doubting, especially because a unique standardized procedure to measure the texture
sensitivity does not exist. Also, it is known that psychological traits, such as food neophobia, may
drive the food preferences, but whether texture sensitivity varies according to the degree of food
neophobia is unclear.

The aim of the present study was two-fold. First, the role of sensitivity to viscosity on food liking and
choice was investigated. Secondly, the relationship between sensitivity to viscosity and food
neophobia, and the role of this latter on food liking, were also investigated.

Five chocolate creams were prepared by changing the solid concentration (C1, 31%, C2, 33%, C3,
36%, C4, 39%, C5, 43% (w/v), in order to obtain different levels of viscosity. First, rheological
measurements were performed in order to characterize the samples. Then, 176 consumers (females =
118, age median = 25 years old) were asked to fill in the Food Neophobia scale (FNS) and the Food
Choice questionnaires (FCq). In particular, the FCq was developed to evaluate preferences within a
pair of food items similar for flavour but different for textures (soft vs hard option and liquid vs dense
option). Secondly, participants evaluated first creams liking by using the LAM scale and secondly
the viscosity intensity by using the GLM scale. The subjects were then clustered based on their
sensitivity into three groups: high sensitivity; moderate sensitivity; low sensitivity. Also, considering
the data collected from the FCq, two choice indexes were calculated as a sum of the choices for the
soft (SCI) and liquid options (LCI), respectively. Subjects were clustered in two groups of preference
according to their SCI and LCI and the effect of individual viscosity sensitivity on the food choice
was investigated. Finally, considering the data collected from the FNS questionnaire, participants
were clustered into two groups according to their level of food neophobia, based on the total scores
calculated.

The sensitivity to viscosity significantly affected the liking of chocolate creams (p<0.05) and the solid
food choice (p=0.01). Moreover, liking of chocolate creams was also affected by the individual level
of neophobia (p=0.01), that in turn, was not correlated to the viscosity sensitivity.

The presented results confirm that texture sensitivity and food neophobia affect what a person likes
and drives what a person chooses to eat. These findings can be helpful for the food industries in the

view to develop new food products.

Keywords: Texture sensitivity; food liking; psychological traits.
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4.1. Introduction

Food preferences and choice are affected by many interacting factors (Monteleone et al., 2017).
Tastes, odours, flavour and other sensory properties are crucial components of food preference and
choice (Boesveldt et al., 2018; Monteleone et al., 2017; Rozin, 1982). Food texture also plays a pivotal
role in how foods and beverages are perceived (Bourne, 2002; Schiffman, 1977) and whether food is
liked or disliked (Scott & Downey, 2007). While research largely explored how individual differences
in the genetics and physiology, related to taste and odour perception, interact with food experiences
to contribute to food likes and dislikes (Birch, 1999; Kim, Breslin, Reed, & Drayna, 2004; Mennella,
Pepino, Duke, & Reed, 2011; Mennella, Pepino, & Reed, 2005), very few studies have examined
texture perception sensitivity and how it affects food preference, despite the belief of its importance
in food choice (Szczesniak, 2002). As with the other senses, individual differences in how textures
are perceived may contribute to how texture preferences develop.

Despite the well-known individual differences in oral sensitivity (Heft & Robinson, 2010; Wohlert,
1996; Zuniga & Essick, 1992) and the awareness that texture influences food acceptance during life
(Baxter & Schroder, 1997; Nu, MacLeod, & Barthelemy, 1996; Szczesniak, 1987), it is doubting how
different texture sensitivities may lead to different food preferences. As largely explained in the
previous chapters, one of the main issues related to the paucity of data is due to a lack of a standardized
methodology to study oral sensitivity to texture. Secondly, the approaches proposed across the years
do not investigate specific texture attributes, but rather the overall - oral/non oral - tactile acuity, using
tools that do not reflect the real perception of the food texture (Bangcuyo & Simons, 2017; Etter,
Miller, & Ballard, 2017; Linne & Simons, 2017; Steele, 2018; Steele, James, Hori, Polacco, & Yee,
2014). The reason why no study has used real food products to investigate the texture sensitivity is
the fact that texture is a multi-parameter attribute, related to the structure of the foods and detected
by several senses (Szczesniak, 2002), and when it is modified in different levels of intensity, the other
properties of food (taste, flavour and odour) get differently perceived, as they are also affected by the
structure of the food (Lawless & Heymann, 1998). Therefore, the main trouble related to the use of a
real food product is the difficulty in modifying the texture intensity levels of the product, without
changing any other sensory property. The modification of also other sensory properties would
influence the sensory perception and consequently it could affect the food preferences.

Aware of the gap related to the methods to measure the texture sensitivity and of the main troubles
affecting the use of real food products, Puleo and colleagues (2019) proposed a new approach to
measure the graininess sensitivity, using five samples of chocolate creams, changing in only their
graininess levels. The authors were able to cluster subjects involved in the study in three different

groups of sensitivity and concluded that their approach could be used to investigate other texture
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attributes. Indeed, they showed that if a texture property can be instrumentally measured, then the
same relationship existing between this characteristic and a process/ingredient variable can be used
to cluster subjects for their sensitivity to that sensory property. However, although they succeeded in
measuring the graininess sensitivity, and found also an effect on the individual likings, they did not
investigate whether the individual sensitivities could drive the food choice. Also, they did not explore
any possible existing relationships between the individual sensitivities and other individual variables,
such as psychological behaviour, which, in turn, has been demonstrated having an important influence
on texture perception and liking (Nederkoorn, Houben, & Havermans, 2019).

With these initial considerations, the first aim of this study was to use the method proposed by Puleo
and colleagues (2019) to measure the sensitivity to viscosity, using chocolate creams as target real
food, and verify whether and how different levels of sensitivity could affect food liking and choice.
The viscosity was chosen as key texture attribute because considered one of the most dominant
sensory characteristics of semisolid foods (Szczesniak, 1987). Indeed, across the years, several
studies investigated the viscosity perception, and different methods to state the individual sensitivities
have been proposed (Engelen & Bilt, 2007; Smith, Logemann, Burghardt, Zecker, & Rademaker,
2006; Steele, James, Hori, Polacco, & Yee, 2014). However, although those authors were able to
measure the individual sensitivity to the viscosity, the results cannot be generalized, because obtained
by means of different methods, therefore it is not possible drawing a unique conclusion (see Chapter
1). Moreover, even less studies have investigated the relationships between individual variables, such
as gender and age, and individual viscosity sensitivity, and what is more, the results seem to be
contrasting. In particular, Steele and colleagues (2014), failed in finding a relationship between the
viscosity sensitivity and age and gender. On the contrary, Forde & Dalahunty (2002), observed an
age effect on the capability to discriminate different levels of thickness. Also, to the best of the
knowledge, no studies have been conducted on the relationship between viscosity sensitivity and food
liking and choice.

Moreover, as stated above, food preference and choice are influenced by several factors.
Psychological traits seem to be important predictors in food preferences, and indeed, the relationships
between several psychological domains and different sensory properties have been largely
investigated (Byrnes & Hayes, 2013; Monteleone et al., 2017; Spinelli et al., 2018; Tornwall et al.,
2014). In particular, in the last two decades, food neophobia, intended as the reluctance to try
unknown foods, has been extensively investigated by taking into account a number of different
personal factors going from food preferences to food choice, from active chemosensory exploration
of the world (sniffing and tasting) to physiological responses associated with alertness (for a further

review, see Dovey, Staples, Gibson, & Halford, 2008). Spinelli and colleagues (2018) found a
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significant effect of neophobia level and perception of burning sensation and acid taste. They
observed that neophobic individuals scored the intensity of pungency and acid taste higher than
neophilic ones. Thus, this personality trait was associated with a different perception of that key
sensations. Also, starting from the observation that neophobic children mainly refuse fruit and
vegetables rather than other food categories (Wardle and Cooke, 2008), Coulthard and Blissett (2009)
hypothesized that the rationale behind could be a higher sensitivity to taste, and to bitterness in
particular. On the other hand, neophobic subjects tend to use smaller sniff-magnitudes than non-
neophobics, as measured during an odor detection task (Raudenbush et al., 1998), and this may be
interpreted as an index of an attempt made by neophobics to avoid any possible bad odor-related
experiences (Prescott et al., 2010). Following this logic, the study conducted by Dematte et al. (2013)
revealed that neophobic people were significantly worse in the odor identification task than neophilic
participants.

Regarding texture, the enjoyment of different texture was related to food neophobia in young children
(Coulthard & Thakker, 2015; Coulthard & Sahota, 2016) and to picky eating in adults (Nederkoorn,
Houben, & Havermans, 2019).

However, quite surprisingly, there has been very little research carried out to ascertain whether texture
responsiveness varies according to the degree of food neophobia, and whether individual differences
in perception may contribute to influencing food preference and choice among neophobic and
neophilic subjects

With these other considerations, in the present study we also analysed the correlation between the
sensitivity to viscosity and the food neophobia trait, and investigated the role of food neophobia on

liking.
4.2. Materials and methods

4.2.1. Samples preparation

Chocolate mix powder (Paneangeli, Cameo S.p.A., Brescia, Italy) and completely skimmed milk
(Berna, Parmalat S.p.A., Milan, Italy) were purchased from a local supermarket and used to prepare
samples differing in viscosity. Chocolate powder mix and skimmed milk were mixed by means of an
electric whisk, at room temperature, for 2 minutes, until a homogenous mix was obtained. A trained
panel of 10 assessors (six females, age average = 23 years old) was involved in focus group
evaluations (10 hours) to select chocolate creams which differed for viscosity, but not for other
properties (taste, flavour, colour) (preliminary results data not reported for sake of brevity). Five

samples differing for solid concentrations were selected (C1, 31%; C2, 33%; C3, 36%,; C4, 39%; CS5,
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43% (w/v)). Samples were stored in glass containers at refrigerated temperature (4°C) and served at

room temperature.

4.2.2. Rheological properties: Stress Overshoot

The rheological properties of the samples were determined by a Modular Advanced Rheometer
System (Haake MARS, Thermo Scientific, Waltham, USA), equipped with a vane tool geometry
(diameter 22 mm, length 16 mm, distance 8.5 mm). Transient tests were carried out and to this end,
the stress (1, Pa) was measured as a function of time (60s), keeping the shear rate constant (y = 10s
. The flow curves were carried out at 30.5°C, as an arithmetic average of room and mouth
temperature, according to the method proposed by Dickie & Kokini (1983). Three replications for
each sample were performed. Results were used to produce a shear stress growth function and to

collect the stress overshoot values (Prentice, 1992).

4.2.3. Consumer evaluation overview

The consumer evaluation consisted in two steps. First, at the time of recruitment, participants were
requested to complete an online questionnaire, where age and gender were collected, together with
the responds of Food Neophobia Scale and the Food Choice Questionnaire. Secondly, participants
were asked to attend one consumer session in individual booths, to evaluate liking and perceived

viscosity of five samples of chocolate creams. Further details are explained below.

4.2.3.1. Participants

A total of 176 Italian subjects (females = 118, age-range = 1870 years old, age median = 25 years
old, young <23, 52; 23<adults>30, 79; old >30, 45) were recruited using social media, word of mouth
and emails.

Participants gave written informed consent according to the principles of the Declaration of Helsinki.

4.2.3.2. Online questionnaire

Participants were asked to fill in an online survey (Google form) at home on the time of recruitment.
The online questionnaire included the Food Neophobia Scale (FNS) and the Food Choice
Questionnaire (FCQ).

The trait of food neophobia was measured using the 10-items questionnaire developed by Pliner &
Hobden (1992). The individual FNS scores were computed as the sum of ratings given to the ten
statements, after the neophilic items had been reversed; the scores thus ranged from 10 to 70, with
higher scores reflecting higher food neophobia levels. Based on the calculated total score, subjects
were clustered into two sub-groups representing low and high scores, using the median value as cut-
off. Participants with the median score were not considered to evaluate the effects of food neophobia

on the other variables. Secondly, in order to correctly explore the role of the food neophobia on the
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viscosity sensitivity, subjects were also clustered in three groups of neophobia, according to the
quartile distributions of the individual total scores.

The Food Choice Questionnaire was developed in order to evaluate preferences within a pair (similar
in flavour but especially different for texture) of items developed on the base of texture dichotomies
belonging to two texture domains: a liquid texture domain, containing 5 pairs of items, differing for
viscosity (liquid/dense); a solid texture domain, containing 5 pairs of items, differing for hardness
(soft/hard). In table 4.1 all the pairs are showed.

For each pair, respondents were asked to indicate which food they would choose in a normal eating
situation, without diet restrictions.

The presentation order of the food items, within and between each pair, was randomised across
participants. A choice index (SCI=Solid Choice Index; LCI=Liquid Choice Index) for each domain
was calculated as a sum of the choice of the liquid options and of the soft options, assigning to each
one a value of 1 (texture indexes range=0-5), with higher scores reflecting higher choice for the dense
and hard options. For each domain, based on the calculated Cls, subjects were clustered into two sub-
groups representing low and high scores, using the median values as cut-off. Participants with the

median score were not considered.

Table 4.1. Texture dichotomies belonging to two texture domains used in the FCQ.

Liquid texture domain Liquid option Dense option
Milk Yogurt
Coffee Coftfee cream
Fruit juice Fruit centrifuge
Fruit smoothie Frappé
Vegetable broth Vegetable creamed soup
Solid texture domain Soft option Hard option
Banana Apple
Ice cream in cup Ice lolly
Sandwich bread Crackers
Soft chocolate snack Chocolate bar
Plumcake Cookies

4.2.3.3. Sensory evaluation
Subjects evaluated the five chocolate creams and scored their liking by using Labeled Affective
Magnitude scale (LAM), a 100mm vertical line, from 0 = “greatest imaginable dislike” to 100 =

“greatest imaginable like” and with anchor words spaced according to the spacing's provided by
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Schutz & Cardell (2001). In addition, subjects were asked to score the perceived viscosity intensity
by using the generalized Labeled Magnitude scale (gLM), a 100mm vertical line, from 0 = “no
sensation” to 100= “the strongest imaginable sensation of any kind” and intermediate anchors as
provided by Bartoshuk et al. (2004). The subjects were instructed to the use of gLM scale following
published procedures (Monteleone et al., 2017).

Five samples were served to the subjects on the plastic teaspoons, in a monadic, randomized and
balanced order, identified by three-digit random codes.

The subjects were asked to use a common procedure to evaluate the viscosity intensity, consisting of
applying shearing with the tongue against the palate, for few seconds, when subjects feel that a
judgment could be made (Aktar, Chen, Ettelaie & Holmes, 2015).

The subjects were provided with a cup of still water to rinse their mouth before testing the next
sample. Data were collected by means of “Fizz Acquisition” software (Biosystémes, Couternon,

France).

4.2.4 Data analysis

The values of stress overshoot were analyzed by means of one-way analysis of variance (ANOVA),
and multiple comparison test (Duncan's test) was used to statistically compare the samples (p<0.05).
Repeated measures ANOVA and multiple comparison test (Duncan's test) were used to evaluate if
differences among the samples (used as a repeated factor) were statistically significant (p<0.05), in
terms of both perceived viscosity and liking. Next, subjects were clustered in three groups: lowly
sensitive (LS), moderately sensitive (MS) and highly sensitive (HS), according to the approach
proposed by Puleo, Miele, Cavella, Masi, & Di Monaco (2019). For each group (LS, MS, HS) a
second repeated-measures ANOVA was used to verify the effect of the different viscosity levels on
both sensory liking and perceived viscosity intensity.

Moreover, chi-square test was run to analyse the relationship between viscosity sensitivity and age
groups (young vs adult vs old subjects) and gender. The same approach was used to analyse the
relationship with gender as well.

Finally, chi-Square test was used to determine the effects of viscosity sensitivity on the solid and
liquid food choices (two dichotomized form, see above). The same approach was used to investigate
the association between viscosity sensitivity (three sensitivity groups, see above), and neophobia
traits (two and three dichotomized form, see above), At the end, a last repeated-measures ANOVA
was used to verify the effect of the two neophobia levels on sensory liking.

The XLSTAT statistical software package version 2016.02 (Addinsoft) was used for data analysis.

4.3. Results and Discussion
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4.3.1. Rheological properties: Stress Overshoot

As explained in the material and methods section, shear stress was measured as a function of time at
the estimated shear rate of the mouth, according to Dickie and Konini (1983).

During start-up flow, a shear rate is suddenly imposed on a viscoelastic fluid held previously at rest.
Shear stress produced by this transient deformation displays an initial overshoot, at short times, before
reaching a steady-state value at long enough times; hence, the phenomenon is commonly referred to
as stress overshoot. Results were described as shear stress overshoot functions, as suggested by Leider

and Bird (1974). Figure 4.1 shows the stress overshoot average curves for each tested sample.

Figure 4.1. Stress overshoot curves (average of three replications) of chocolate creams differing for solid

concentrations (C1, 31%, C2, 33%, C3, 36%, C4, 39%, C5, 43%, (w/v)).

As expected, by increasing the solid concentration, the maximum shear stress value (stress overshoot,
Pa) increased accordingly. Indeed, the higher solid concentration is, the higher stress overshoot is
obtained (da Silva, Arellano, & Martini, 2019; Elliot & Ganz, 1978; Lee & Song, 2011; Ahuja, Lu &
Pontanin, 2019; Karyappa & Hashimoto, 2019). Also, the values of the stress overshoot of each
sample were extrapolated from each curve and reported as the representative parameter of the
viscosity of the tested creams (Figure 4.2).

Stress overshoot data were found useful in modelling the human perception of fluid thickness in the
mouth (Dickie and Kokini, 1983). The trend of the maximum stress overshoot was described with a
linear equation (R?=0.95), as shown in Figure 4.2. In figure 4.2 the significant differences between
the samples are also showed (Duncan’s test, p<0.0001). The linear correlation observed is in

accordance with the study conducted by Pangborn, Gibbs, & Tassan, (1978).
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Figure 4.2. Trend of maximum stress overshoot values (Pa), in function of the solid concentration of the tested

creams (w/v). The points marked with different letters were significantly different (p < 0.05).

4.3.2. Sensory evaluation
A total of 176 subjects scored the liking and the viscosity intensity by using the LAM and gLLM scale,
respectively. By averaging both liking and perceived viscosity scores, significant differences came

out among the samples, as shown in Table 4.2.

Table 4.2. Liking and perceived viscosity scores (mean value + standard error) given by 176 subjects.

Sample Solid concentration Liking Perceived viscosity
code (Yow/v) (LAM scale) (gLM scale)

Cl 31 60=1° 221°

2 33 60.5+0.9% 21+1°

C3 36 63.5+0.9¢ 28+1°

Cc4 39 63.1+0.9> 40+1°

C5 43 62.6+0.93¢ 37+2°

In each column, the values followed by different letters were significantly different (Duncan test, p < 0.05).

Regarding the liking scores, subjects moved on the scale between the labels slightly liked (score =
59) and liked (score =65), with higher values reflecting the intermediate concentrations.

The concentration suggested by the company of the chocolate powder mix to prepare the creams at
home is the third one (C3, 36% w/v). The effect of previous experiences on texture preferences is
well documented (Baron & Penfield, 1993; Michon, O’Sullivan, Sheehan, Delahunty, & Kerry, 2010;
1993; Monteleone, Frewer, Wakeling, & Mela, 1998; Pliner, 1982). Therefore, the highest scores
associated with the intermediate concentration are probably due to the familiarity of a known

viscosity. Indeed, our results are in agreement with the study conducted by Richardson-Harman et
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al., (2000) that showed how the liking of a range of liquid dairy-products was affected by unfamiliar
viscosities due to different fat contents. More in general, familiar texture strongly affects the
consumers’ preference, as demonstrated in the study conducted by Kélvidinen, Roininen, & Tuorila
(2000). Indeed, they demonstrated that consumers' preferences for candies were explained by the
liking of commercial candies with a similar texture.

Regarding the perceived viscosity, subjects moved on the scale around the moderate and strong (score
~16 and =33, respectively) and between strong and very strong intensity (score= 33 and =50,
respectively), significantly discriminating among the evaluated samples. By looking at the results
(Table 4.2), subjects equally perceived the viscosity of the first two samples (C1, 31% and C2, 33%
w/v), as well as of the last two (C4, 39% and C5, 43% w/v). The viscosity of the intermediate sample
(36%w/v) was perceived as significantly different, compared to the perceived viscosity of the other
samples. As already stressed above, the familiarity with well-known sensory property influences the
consumers’ sensory perception (Nielsen, Bech-Larsen, & Grunert, 1998). In particular, the study
conducted by Kim, Jombart, Valentin, & Kim (2013), showed that Korean consumers were more able
to discriminate among green teas than the French consumers, who were not familiar with that kind of
beverage. Two years after, the same authors demonstrated that even trained panels were affected by
familiarity and liking when asked to sensory describe different samples of tea (Kim, Valentin, & Kim,
2015). Also, Camacho et al. (2015) determined the Just Noticeable Differences (JNDs) of oral
thickness perception and the Weber fraction (K) of Newtonian model stimuli (maltodextrin solutions),
using the method of constant stimuli with 5 reference stimuli ranging in viscosity from 10 to 100mPas.
They found that JND and K for the reference stimulus with a viscosity of S0mPas reflected a higher
value corresponding to a lower sensitivity of the panel towards the comparison of the different
viscosities. This was due to the fact that the samples set containing the reference with a viscosity of
50mPas was the first to be evaluated, during the sensory sessions. Therefore, the subjects involved in
their study might have had more difficulties on discriminating between the stimuli presented in the
Ist session compared with following sessions since the subject might have been not sufficiently
familiarized with the kind of samples to taste.

To cluster the subjects according to their viscosity sensitivity, the method proposed by Puleo et al.
(2019) was used. Therefore, it was assumed that sensory scores should follow the same trend
exhibited by instrumentally measured viscosity, with the increasing of the solid concentration, that
was, an upward linear relationship. Thus, according to Puleo et al. (2019), the viscosity scores of each
subject were fitted with a linear equation, estimating both the angular coefficient (which represented
the rate of increase of the linear equation) and the R? coefficient, and using them as clustering

parameters.
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Therefore, subjects whose scores correlated to a linear equation with both high R? coefficient and
high angular coefficient (values greater than the third quartile, 75% of distribution) were clustered
into the high sensitivity group. Accordingly, the low sensitivity group was represented by the subjects
to whom corresponded low R? coefficients (values lower than the first quartiles, 25% of distribution),
and angular coefficient of the linear equation close to zero.

Next, a descriptive analysis was performed on both the angular and the R? coefficients, obtained for
each subject (Table 4.3). The subjects were then clustered based on the quartile's distribution of both
the angular and the R? values into three groups: high sensitivity (n = 45); moderate sensitivity (n =
83); low sensitivity (n = 48).

Table 4.3. Quartiles distribution of angular coefficients and the R

Quartiles Angular coefficient R?

1% Quartile 113.0 0.40
Median 176.4 0.67
3" Quartile 294.8 0.89
Maximum 776.0 0.99
Minimum 1.99 0.001

First, according to Steele and colleagues (2014) no significant effect of age (p=0.297) and gender
(p=0.78) on viscosity sensitivity was found. Therefore, data were analysed without considering any

interaction between those variables.

The scores given by each sensitivity group were submitted to repeated measures ANOVA and the
significant differences between and within groups were estimated (multiple comparison test,
Duncan's test). In table 4.4, liking and perceived viscosity scored by different sensitivity groups are

showed.

Table 4.4. Perceived viscosity and liking scores (mean value + standard error) given by different sensitivity

groups: high sensitivity group (HS); low sensitivity group (LS); moderate sensitivity group (MS).

Perceived viscosity (gLM scale)

o Cl C2 C3 C4 Cs5 Significance
Sensitivity groups within
31% wiv 33% wiv 36% wiv 39% wiv 43% wiv
groups
LS (n=48) 29+2° 26+2° 2942 28432 23+3% 0.12
MS (n=83) 20424 194224 28+28 3643 4042°¢ <0.0001
HS (n=45) 17434 18424 25+28 36+2%C 45+3%¢ <0.0001

Significance 0.003 0.01 0.5 0.03 0.0001 -
between groups
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Liking (LAM scale)

C1 C2 C3 C4 C5 Significance
Sensitivity groups 310/ v 3304wy 36% wiv 39%wiv 43% wiv within
groups
LS (n = 48) 602 622 612 6342 602 0.4
MS (n = 83) 614248 60+14 63+120AB 624148 65418 0.02
HS (n = 45) 59424 6024 67+2"C 66+25C 624278 0.003

Significance

0.89"* 0.62" 0.04 0.24"+ 0.10" -
between groups

For each line (upper case) and for each column (lower case), at different letters correspond significantly

different values (Duncan test, p < 0.05).

As it can be observed in table 4.4, regarding the perceived viscosity, the lowly sensitive subjects were
not able to perceive the differences in terms of viscosity, while both moderately and highly sensitive
subjects significantly discriminated between the samples, giving upward scores as solid concentration
increased. The results are absolutely in agreement with previous researches (Puleo et al., 2019). Puleo
and colleagues (2019), indeed, clustered people according to their graininess sensitivity, basing their
approach on the correlation between the instrumentally measured graininess and the refining time.
Also, even though by means of other approaches, individual differences in viscosity sensitivity were
found, across the years, by several authors (Aktar, Chen, Ettelaie, & Holmes, 2015; Smith,
Logemann, Burghardt, Zecker, & Rademaker, 2006; Steele, 2018; Steele et al., 2014).

However, the first aim of this research was to investigate the effect of viscosity sensitivity on liking
of chocolate creams. We started with the assumption that along with the taste sensitivity (Cardello,
1996; Drewnowski, 1997; Tuorila, 2007), also the texture (in this case viscosity) sensitivity can lead
to different food preferences. Therefore, regarding the liking, by looking at the differences within
each group, lowly sensitive subjects equally liked the five samples, while significant differences were
observed within the moderately and highly sensitive subjects. In particular, the most preferred sample
by the highly sensitive subjects was the third one (36% w/v).

As viscosity was the only attribute that varied among the samples, subjects who were not able to
perceive the difference in term of viscosity, equally liked the samples.

Instead, subjects who were able to well discriminate among the different solid concentrations in the
samples, liked more the ideal one, which, being recognized as familiar, was more accepted by
consumers.

By looking at the differences between the groups, the viscosity sensitivity affected the liking of only
this sample (36% w/v). In particular, the highly sensitive subjects evaluated with higher scores this
sample, compared to the lowly and moderately sensitive subjects. As explained above, the

intermediate sample is made by ideal solid concentration, therefore this result can suggest that the
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highly sensitive subjects were able to identify the familiar sample and their relative high scores
reflected their sensitivity.

However, these results seem to be in contrast with the finding of Kremer, Bult, Mojet, & Kroeze,
(2007) and Kremer, Mojet, & Kroeze (2005). Indeed, these last two studies showed how the
individuals who differed for texture perception, exhibit no clear difference in liking scores when

evaluating custards and soups, differing for creaminess.

The second aim of the research was to investigate the role of viscosity sensitivity on food choice.
Thus, a choice index for each domain (liquid and solid food) was calculated, for all the participants,
as a sum of the choices of the liquid options and of the soft options, assigning to each one a value of
1 (texture indices range=0-5), with higher scores reflecting higher choice of the dense and hard
options, respectively. The distribution of liquid (a) and solid (b) choice indexes are showed in Figure

4.3.
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Figure 4.3. Choice index for the liquid domain (a) and the solid domain (b).

From the distribution of the LCI and SCI, median values were extrapolated in order to cluster subjects
in two groups of preference. Regarding the liquid domain, subjects with a LCI less than the median
value (median LCI = 3) were clustered as subjects who preferred liquid version of the proposed foods;
subjects with a LCI higher than the median value, on the other hand, were clustered as subjects who
preferred the dense version of the proposed foods. In the same way, regarding the solid domain,
subjects with a SCI less than the median value (median SCI = 2) were clustered as subjects who
preferred soft version of the proposed foods; subjects with a SCI higher than the median value, on the

other hand, were clustered as subjects who preferred the hard version of the proposed foods.
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The relationship between viscosity sensitivity and the individual food choice was tested by running a
Chi-Square test, using the three groups of sensitivity and the two groups of preference, as variables.
Considering the liquid domain, no significant relationships came out (}2=0.75; p=0.69). It means that
the choice of the two options was equally distributed among the three groups of sensitivity. On the
other hand, the solid choice was strongly affected by the viscosity sensitivity (¥2=6.9; p=0.03) (Figure
4.4). In particular, highly sensitive subjects tendentially chose soft versions of the proposed options,
while the choices of the moderately and lowly sensitive subjects were equally distributed among the

soft and the hard option.
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Figure 4.3. Choice frequency (%) for soft and hard option, given by lowly (LS, n=37), moderately (MS, n=71)
and highly (HS, n=38) sensitive subjects. The bar marked with a star was significantly different (p < 0.05).

To discuss these shreds of evidence, a direct comparison with other researches is not possible,
because, to the best of the knowledge, the methodology used in this study has not been adopted by
other authors. However, some considerations can be done, on the studies reported in the literature.
Actually, it is well known that texture sensitivity is influenced by many interacting factors (see
Chapter 1), and among them, mouth behaviour plays an important role in the individual differences
in sensitivity. Indeed, Jeltema, Beckley, & Vahalik (2015, 2016) clustering individuals according to
their mouth behaviour, demonstrated that the Mouth Behaviour groups showed differences in food
preference and choice, and that there were food textures that fit ‘‘best” with each mouth behaviour.
To better explain, taking chocolate as an example, the authors found that smooshers liked (and would
have chosen) chocolate that melts fast, instead, crunchers liked (and would have chosen) chocolate
that contains nuts, and so on. Their findings demonstrated that individuals differ in the way they
manipulate food in their mouths and these differences led to specific food choices. However, in the

present study, all the subjects were instructed to follow a standardized procedure to taste the samples,
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thus they were not allowed to as-they-like manipulate the samples in their mouth. Also, Jeltema and
colleagues started with the assumption that different mouth behaviours were due to different mouth
sensitivities, such as saliva flow rate, bite force etc. (see chapter 1). Nevertheless, very recently, the
studies conducted by Franks et al. (2019) and Kim & Vickers (2019) strongly contrasted the previous
results published by Jeltema and colleagues, demonstrating that mouth behaviour type does not link
to mastication behaviour and saliva flow rate observed when consumers masticate foods. Thus, our
results suggested that an innate sensitivity exists, which is independent of personal mouth behaviour.
However, the individual differences in sensitivity we found, resulted influencing the food choice and
preference. This last result seems to be in contrast with the findings of Lukasewycz & Mennella
(2012). Indeed, they measured the lingual acuity using a modified letter-identification task and a
forced-choice questionnaire assessed to measure the preferences for foods similar in flavour but
different in texture. They involved children and their mothers and concluded that age, but not lingual
acuity influenced the food choices.

Despite the contrasting discussions reported above, the results of the present research may suggest
some speculations. By generally speaking, considering the proposed approach to cluster subjects
according to their viscosity sensitivity, the moderately sensitive group represent the average
population and, therefore, it reflects the behaviour of the average consumer. The highly and lowly
sensitive groups, instead, are respectively the right and left tail of the viscosity sensitivity distribution,
representing the outlier consumers. Thus, understanding how texture sensitivity can drive the food
choices is necessary for the food companies, with a view to developing new tailored food products

for specific target of consumers.

The third aim of this research was to explore the relationship between viscosity sensitivity and
individual neophobia traits. This association was tested by means of the chi-square test, considering
the three levels of viscosity sensitivity (LS, MS and HS) and first, two levels of neophobia (neophilic
and neophobic subjects), obtained using the median value of the calculated total score as cut-off, and
secondly, three levels of neophobia according to the quartile distributions of the individual total
scores. The obtained results were the same both considering two and three levels of neophobia,
therefore the following results are described taking into account only the two-levels approach,
because easier to explain, and already used in other studies (Dematte et al., 2013; Spinelli et al., 2018)
Neophilic (n=71) and neophobic (n=75) subjects did not significantly differ in viscosity sensitivity
group distribution (y” = 3.16; p=0.21).

Food neophobia is considered an adaptive, evolutionary response, which prevents from the ingestion
of poisonous substances more commonly found in fruits and vegetables (i.e., bitter, sour, and

astringent compounds) (Pliner & Salvy, 2006). Therefore, it could have been reasonable to
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hypothesize that neophobic subjects were more sensitive in the sensory perception, detecting also
little changes of the food properties.

However, the present result is in accordance with the study of Lukasewycz and Mennella (2012).
They measured in children and adults whether lingual tactile acuity — the ability to identify raised
alphabetical letters with the tips of their tongues —was related to food neophobia. No such a relation
was found, which suggests that neophobic subjects are not more sensitive in texture perception. If
extended to sensitivity to other stimuli, the present results are in accordance also with the study
conducted by Tornwall et al. (2014), where neophobic and neophilic subjects did not differ in their
PROP responsiveness.

It is however possible that, although their perceptual abilities are not different, their appreciation of
different levels of texture stimuli could be. With this assumption, repeated one-way ANOVA was
run, using the two neophobia levels as fixed variables, to investigate the differences in liking within
the groups. There were no significant differences among the liking scores given by neophilic subjects
(Fa280=1.35; p=0.25). This result suggests that neophilic subjects equally liked all the tasted samples
and did not discriminate between them in terms of liking. On the other hand, neophobic subjects’
scores were significantly different among the samples (F4.206=3.3; p=0.01), giving higher scores to
the intermediate concentrations. This last evidence can be explained by the fact that high levels of
neophobia, basically, reflect a rejection of unfamiliar foods (Jaecger, Rasmussen, & Prescott, 2017).
Also, Tuorila, Lahteenméki, Pohjalainen, & Lotti, (2001) speculated that subjects having high levels
of food neophobia are possibly not only those who are afraid of new foods; they may also be
individuals who have little interest in foods.

On these reasonable hypotheses, the present results find accordance with other studies which showed
such a relationship between food neophobia levels and food familiarity (Laureati et al., 2018; Spinelli
et al., 2018). Those studies, indeed, demonstrated that neophobic subjects liked significantly less the
unfamiliar food, than the neophilic ones.

The discussions of this last part deserve to have further considerations. Although no significant
relationship was found between viscosity sensitivity and food neophobia, the fact that neophobic
subjects discriminated between the samples in terms of liking may suggest the existence of a different
perception. Thus, since the viscosity was the only thing that changed among the five chocolate
creams, it seems that neophobic subjects were able to perceive those differences, in contrast to what
observed with the neophilic subjects. In other words, neophobic subjects seemed to show a higher
viscosity acuity than neophilic ones. As a final remark, it can be highlighted that the actual product

prepared in this study is a rather familiar product in Italy, thus it would be interesting to replicate the
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study in order to verify whether the relationship between texture sensitivity and food neophobia

would be stronger when using novel and unfamiliar foods.
4.4. Conclusion

This study was conducted to better explore the role of texture sensitivity on food preference and
choice, which is rather dubious. In order to study the effect of viscosity sensitivity on liking of
chocolate creams and food choice, the method proposed by Puleo and colleagues (2019) was first
used to cluster people according to their viscosity sensitivity. To this aim, five chocolate creams were
prepared by changing the solid concentration in order to obtain different levels of viscosity.
Instrumental data showed that different solid concentrations resulted in different levels of viscosity,
via the stress overshoot index, and that this index was correlated to solid concentration by a linear
equation. By assuming that sensory viscosity scores must correlate to solid concentration in the same
way the stress overshoot index does, the R? values and the estimated angular coefficient of the linear
equation, derived by the best fit of the data relative to each subject, were used to cluster the subjects
into three groups having different graininess sensitivity. The viscosity sensitivity significantly
affected the liking of chocolate creams and the solid food choice. Moreover, liking of chocolate
creams was also affected by the individual level of neophobia, that in turn, was not correlated to the
viscosity sensitivity.

The presented findings confirm that texture sensitivity and food neophobia both affect what a person
likes and drives what a person chooses to eat. In the view of developing new food products, the
possibility to have a picture of subjects, clustered for different sensitivities, is two-fold helpful for the
food industries. In this way, indeed, the food industries could both look for products designed to the
average consumers, and for tailored food products targeted to the outliers.

Finally, the authors are aware that currently there are different ways to phenotype people according
to their sensitivities, such as PROP status, thermal status, sweetness liking etc. Therefore, future
researches could investigate the relationships between all these individual sensitivities, trying to find

a greatest common divisor to explain the human sensory sensitivity.
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Abstract

Little is known about how trigeminal stimulation sensitivity is affected by consumption habits and
consumer characteristics. The aim of this study was to determine how detection thresholds for and
perception of sparkling sensations in carbonated mineral water are affected by familiarity with
carbonated beverages and individual consumer characteristics. One hundred subjects differing in
sparkling water consumption behaviour (non-consumers, moderate consumers, regular consumers)
participated. First, sparkling sensation detection thresholds were determined using the method of best
estimate threshold (BET) with CO» concentrations ranging from 0.03 to 1.05 g/L. Secondly, intensity
of sparkling sensation and liking of five sparkling waters (CO» concentrations ranging from 0.21 to
4.92 g/L) were assessed. To characterize consumers, consumption frequency of sparkling beverages,
PROP taster status, demographic information, health interest, eating behaviour and sensitivity to
punishment and reward were determined. Average detection threshold of sparkling sensation (BET)
was 0.44 g/ CO2 concentration. BET of sparkling sensation was not affected by consumption
frequency of sparkling water and was not related to PROP taster status and consumer psychological
variables. Liking and perception of sparkling intensity of carbonated mineral water were significantly
affected by consumption frequency of sparkling water. Non-consumers liked sparkling water
significantly more than moderate or regular consumers, probably because non-consumers did not
drink sparkling water for cost reasons. Sparkling sensations were perceived significantly more
intensive by non-consumers compared to moderate and regular consumers. We conclude that
detection thresholds of sparkling sensations are independent of consumption behaviour of and

preferences for carbonated beverages.

Keywords: Trigeminal perceptions; consumer evaluation; individual sensitivity; food familiarity
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5.1 Introduction

Consumers differently elaborate the sensory information perceived by taste, touch, vision and smell
(Dunn, 1999) leading to differences in enjoyment of the eating experience. Many studies highlighted
that sensory sensitivity plays a pivotal role in food preference and choice (Kaminski et al., 2000;
Coulthard et al., 2008; Monteleone et al., 2017). Little is known about how food consumption habits,
food familiarity and attitude influence sensory sensitivity.

Taste sensitivity can be improved through training, so that taste thresholds decrease with training
(Meilgaard et al., 1999; Mojet et al., 2001). Engen (1960) found increments in taste sensitivity with
experience suggesting that it is a learning effect. It has been shown that taste sensitivity, so taste
thresholds, can be affected by individual physiological factors, such as gender, age, health status and
nutritional status and by the interaction between these variables (Mojet et al., 2001). Regarding the
influence of age and gender on taste sensitivity, many studies are contradictory. Sweet taste sensitivity
was affected by age in the studies of Schiffman (1993) and Mojet et al. (2001), but not in the studies
of Hyde and Feller (1981) and Nordin et al. (2003). A significant decrease in sour sensitivity with
increasing age was reported by Bartoshuk et al. (1986) andYamauchi et al. (2002) whereas others
reported no effect of age on sour sensitivity (Weiffenbach, Baum, Burghauser, 1982; Cowart, 1989).
Yamauchi and colleagues (2002) demonstrated an effect of gender on detection thresholds for
bitterness but not for sweetness, saltiness and sourness. In particular, female subjects had
significantly lower thresholds compared to males for sour taste. Wardwell et al. (2009) observed a
gender effect on bitter recognition thresholds in elderly but not in young adults.

Duffy (2007) reported that bitterness sensitivity may decrease with age and during menopause, while
during pregnancy, bitterness sensitivity rises to its peak during the first trimester and is lowest in the
third trimester. Nolden (2019) reported reduced sweet taste sensitivity associated with a reduced
appetite and food intake in individuals undergoing treatment for cancer (Vignini, 2019). Moreover,
previous studies have addressed a link between taste sensitivity and BMI (Simchen 2016; Vignini
2019). However, results are contradictory. Simchen (2016) found a higher sweetness sensitivity in
consumer with an inclination of developing obesity and diabetes. On the other hand, Vignini (2019)
found no differences between healthy and obese individuals regarding sweetness sensitivity.
Moreover, a decrease in sour taste sensitivity has been shown in subjects with BMI >28 kg/m?
(Vignini, 2019). Cox (1999) found that obese adults had a higher preference for salty foods, compared
to normal-weight adults suggesting an alteration in salt sensitivity might have led to changes in
preference.

On the other hand, it is well known that the sense of taste is governed by specialized organs on the

tongue and soft palate containing specific receptors and organized roughly according to their
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sensitivity to salt, sour, sweet, and bitter tastes (Lawless and Heymann, 2010). Furthermore, given
this human genetic inheritance several studies pointed out that taste sensitivity might be innate
(McCorkindal, 1992; Duffy & Bartoshuk, 2000). Moreover, other biological variables including
genetic factors (Allen, McGeary, & Hayes, 2014; Kim et al., 2004; Perry et al., 2007; Ternwall,
Silventoinen, Kaprio, & Tuorila, 2012) or differences in oral anatomy (Bartoshuk, 1993; Miller &
Reedy, 1990) do not cause differences in taste sensitivity, suggesting that sensory sensitivity is innate.
The vast majority of studies focused on the influence of individual factors such as mood, physiology,
health status etc. on taste sensitivity. To the best of our knowledge, little is known about the influence
of these individual factors on sensitivity of trigeminal sensations.

Trigeminal sensations are touch-position and pain-temperature sensations perceived by
mechanoreceptors and nociceptors which activate the trigeminal nerve system. Trigeminal sensations
arise as a result of intense chemical (e.g., chili powder), mechanical (e.g., cutting, crushing), or
thermal (heat and cold sensations) stimulation of sensory nerve cells, that trigger a variety of
physiological and behavioural responses and usually result in a subjective experience of pain in
humans (Darian-Smith, 1973). Sparkling sensations are a well-known example of trigeminal
stimulation. Carbon dioxide (CO) is commonly used in beverages to provoke sparkling sensations.
During consumption of carbonated beverages, dissolved CO> acts on both trigeminal (Dessirier et al.,
2000; Kleeman et al., 2009; Meusel et al., 2010) and gustatory receptors, via the conversion of
dissolved CO; to carbonic acid by carbonic anhydrase (Symoneaux et al., 2015). In addition, CO»
provides tactile stimulation of mechanoreceptors in the oral cavity through the bursting of bubbles
(Chandrashekar et al., 2009; Dunkel and Hofmann, 2010). As expected, perceived sparkling intensity
increased with increasing CO; concentration (Wise et al., 2013). Sparkling sensations caused by
carbonation are pleasurable and desirable in many beverages for many consumers even though they
can be irritating or painful (Dessirier et al., 2000).

Carbonated mineral water is an ideal beverage to study carbonation and sparkling sensations since it
only contains water, minerals and COz. The detection threshold of sparkling sensations caused by
CO» was previously found to be 0.26g/L (Le Calve et al., 2008). An increase of CO> concentration
by 2g/L resulted in an increase in perceived sparkling intensity (Le Calve et al., 2008). The study
focused on the determination of CO> average thresholds in carbonated water and did not address
underlying causes for individual differences in thresholds. Wright and colleagues (2003) quantified
the detection threshold of CO» in Swiss-style yogurt (0.263g/L). Relationships between trigeminal
thresholds and individual characteristics were not explored.

Several studies explored other trigeminal stimuli, such as pungency caused by capsaicin, and its

relationship with individual consumer characteristics. Familiarity with spicy foods has been
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demonstrated to correlate with pungency sensitivity, and the preference for spicy foods. Ludy &
Mattes (2012) demonstrated that spicy food consumers perceived spicy foods as more palatable than
non-spicy food consumers. Spicy food consumers were also better able to discriminate different levels
of pungency than non-consumers. Inter-individual differences in pungency preferences have been
suggested to be related to personality traits. Consuming spicy foods, for example, may appeal to thrill-
seekers, who enjoy the body’s feeling of imminent danger. Correlations between sensation-seeking
behavior and the consumption of “unusual spices” have been reported, suggesting that sensation
seekers appreciate dangerous sensations from foods, such as the perceived pungency, in addition to
taste and texture (Byrnes and Hayes, 2016).

Little is known about how sensitivity of sparkling sensations is related to consumption habits for
sparkling beverages and individual consumer characteristics. We hypothesize that psychological
traits and frequency of consumption of sparkling waters affects sparkling sensitivity. We hypothesize
that a higher consumption of carbonated water leads to an increase in thresholds to perceive a
sparkling sensation. Those factors could be crucial in understanding consumer preference for
carbonated beverages. As sensation-seeking behavior affects consumption of pungent foods (Byrnes
and Hayes, 2016), it could also affect preference for carbonated beverages. We hypothesize that more
punishment and reward sensitive individuals are more sensitive to trigeminal sparkling sensations.
Also, if consumption of carbonated beverages may affect threshold as previously hypothesized, then
measuring attitude towards healthy food could give insight into consumption of sparkling water, and
consequently, carbonation threshold. This last hypothesis is due to the fact that subjects might not
consume sparkling water for health reasons, since it is known that the consumption of sparkling water
could contribute to dental erosion (Reddy et al., 2016).

The aim of this study was to determine how detection thresholds for and perception of sparkling
sensations in carbonated mineral water are affected by familiarity with carbonated beverages and
individual consumer characteristics. First, sparkling sensation detection thresholds were determined
using the method of best estimate threshold in consumers differing in consumption behaviour of
sparkling water. Secondly, intensity of sparkling sensation and liking of different sparkling waters
varying in CO; concentration were assessed in the same consumers. Consumers were characterized
by demographic information, consumption frequency of sparkling water, PROP taster status, health
interest, eating behaviour and sensitivity to punishment and reward. Relationships between liking and
perceived sparkling intensity of carbonated mineral water with the consumer characteristics were

explored.
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5.2. Materials and methods

An overview of the study design and approach is provided in table 5.1 and described in detail in the

following paragraphs.

Table 5.1. Overview of the study design and approach.

Online survey Variables Options
Socio-demographics Age Years
Gender Male/Female
Nationality Country
Anthropometric Weight (self-reported) Kg
Height (self-reported) cm
Physical health How often do you smoke? Never; 1 time/month; 1 time-2 times/week; 3 times-6

Drugs consumption

times /week; every day

For blood pressure/or arthritic pain/for digestion/
diabetes/ antidepressant/ hormonal therapies/ to sleep/ to
be mentally focused/ I do not regularly use any of the

drugs listed above

Familiarity and liking

How often do you consume
sparkling water?

How much do you like
sparkling water?

What is the reason for you to
drink sparkling water?

What is the reason for you to

not drink sparkling water?

Never; 1 time/month; 1 time-2 times/ week; 3 times-6
times/week; / 1 time/day and more)

9-point hedonic scale (1=extreme dislike; 9=extreme like)

Taste/ texture/ price/ convenience/ cultural identity/ I do
not drink sparkling water

Taste/ texture/ price/ health/ never tried before/ other

Dutch Eating Behavior
Questionnaire (DEBQ)

33 items — 3 domains:
- Restrained eating
- Emotional eating

- External eating

5-point scale:

- never (1)

- seldom (2)

- sometimes (3)
- often (4)

- very often (5)

First session

Samples/Items

Test/Question format

Sparkling Detection Seven samples (CO> Standard ascending ASTM-E670 method: Seven three-
Threshold content: 0.03,0.06, 0.10, alternative forced choice tests (3AFC)

0.13, 0.26, 0.52, 1.05 g/L)
Health and Taste 38 items — 6 domains: 7-point Likert scale (1 = disagree strongly; 7 = agree
Attitudes Scale 3 health-related domains: strongly)
(HTAS) - General Health Interest

(GHI)
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- Light Products Interest
(LPD)

- Natural Products Interest
(NPI)

3 taste-related domains:

- Craving for Sweet Foods

(CSF)
- Food as a Reward (FR)
- Pleasure (P)
Private Body 5 items 5-point scale (1 = extremely uncharacteristic; 5 =
Consciousness extremely characteristic)
(PBO)
PROP test (Repition I) 3.2 mM PROP solution. Generalized Labeled Magnitude Scale (0—100), gLMS

Two replicates

Second session

Samples/Items

Test/Question format

Liking test

Five samples (CO: content:

0.21,1.05, 1.68,2.9,4.2
L)

Labeled Affective Magnitude Scale (0-100), LAMs

Sparkling intensity test

Five samples (CO- content:
0.21, 1.05, 1.68,2.9,4.2
g/L)

Generalized Labelled Magnitude Scale (0—100), gLMS

Sensitivity to
Punishment and
Sensitivity to Reward

Questionnaire (SPSRQ)

48 items — 2 subscales:

- Sensitivity to punishment
(SP)

- Sensitivity to reward (SR)

Yes/No

PROP test (Repetition
1))

3.2 mM PROP solution.

Two replicates

Generalized Labelled Magnitude Scale (0—100), gLMS

5.2.1 Subjects

The study was performed at Wageningen University (The Netherlands) with n= 100 participants
(females = 58; males = 42; average age = 25+4 yrs). Participants were recruited by announcements
posted around Wageningen University and student buildings, using social media, word of mouth and
emails. Consumers differing in consumption behaviour of sparkling water were included. Participants
gave written informed consent according to the principles of the Declaration of Helsinki. Participants
were requested to complete an online questionnaire and to attend two sessions of 30 minutes each in

meeting rooms with separators (see table 5.1). All tests were performed on paper and then digitalized.
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5.2.2 Sample preparation

Commercially available sparkling mineral water (CO> concentration: 4.2g/L, SPA Intense, Barisart,
Mineral Sparkling Water) was mixed in different ratios with commercially available still mineral
water (SPA Reine, Pure mineral water) to obtain mineral waters differing in CO> concentration as
shown in table 5.2. Samples were stored in closed plastic bottles at 4°C and served chilled at around
10°C in plastic cups containing 10 mL. The time between the mixing of waters and serving to the

participants was controlled and always less than 30 min to minimize loss of CO,.

Table 5.2: Composition and CO; concentration of all sparkling waters.

Detection threshold tests Liking and sparkling intensity tests

Sample CO; Sparkling water Still water Sample CO; Sparkling water Still water
code [g/L] (%) (%) code [g/L] (%) (%)

T1 0.03 0.8 99.2 S1 0.21 5 95

T2 0.06 1.5 98.5 S2 1.05 25 75

T3 0.10 24 97.6 S3 1.68 40 60

T4 0.13 32 96.8 S4 2.90 70 30

T5 0.26 6.2 93.8 S5 4.20 100 0

T6 0.52 12.4 87.6 - - - -

T7 1.05 25.0 75.0 - - - -

5.2.3 Online survey

Participants were asked to fill in an online survey at home on the day preceding the first session (table
5.1). Personal information was collected on sociodemographic (age, gender and nationality),
anthropometric (weight and height) and physical health measures (tobacco smoking habit and drugs
consumption). The online questionnaire included both multiple-choice questions (select one or select
multiple) and open-ended questions. Information about frequency of consumption of sparkling water
was collected. Responses were recorded on a 5-point category scale (frequency of consumption of
sparkling water: never, 1 time/month, 1 time—2 times/week, 3—6 times/week, 1 time/day or more).
Frequency of consumption of sparkling water was expressed as yearly frequency and log-transformed
to reduce skew. Participants were clustered in three groups based on frequency of consumption of

sparkling water: non-consumers (never), moderate consumers (1 time/month) and regular consumers
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(> 1 time-2 times/week). The Dutch Eating Behaviour Questionnaire (DEBQ) was used to assess

restrained, emotional and external eating behaviours.

5.2.4 First session

During the first session of 30 min, participants performed sparkling sensation threshold tests and
filled in the Health and Taste Attitude Scales questionnaire (HTAS), the Private Body Consciousness
questionnaire (PBC) and the PROP status test (see table 5.1).

5.2.4.1 Threshold measurements

The standard ASTM-E670 method of the Best Estimate Threshold (BET) was used. Seven three-
alternative forced choice (3AFC) tests were performed with ascending CO» concentrations. For each
3AFC test, participants had to identify the odd sample among three. The test was conducted in three
replications by n=100 participants. Seven concentrations of CO> were tested (table 2): 0.03, 0.06,
0.10, 0.13, 0.26, 0.52 and 1.05 g/L CO,. Samples were marked with random three-digit codes and
evaluated following a balanced randomized design (AAB, ABA, BAA) within the series. The 3AFC
combinations were balanced so that half of the participants evaluated 3AFC’s in which still water
was included twice and sparkling water once as the odd sample, whereas the other half of participants

evaluated 3AFC’s in which sparkling water was included twice and still water once as the odd sample.

5.2.4.2 Health and Taste Attitudes Scale (HTAS)

The HTAS was used to assess the orientation of the participants towards health and hedonic aspects
of food (Roininen, Lahteenmaki & Tuorila, 1999). The HTAS was used with 7-point category scales
from “disagree strongly” to “agree strongly”. For each participant a mean value was determined for

each domain after recodification of negatively worded items. The items and domains are summarised

in Table 5.1.

5.2.4.3 Private Body Consciousness (PBC)

Private Body Consciousness (PBC) defined as the disposition to focus on internal bodily sensations
(awareness of internal sensations) was quantified using the 5-item methodology developed by Miller,
Murphy & Buss (1981), (table 5.1). The individual score was computed as the sum of the ratings
given to five statements using a 5-point scale anchored from extremely uncharacteristic to extremely

characteristic. The PBC score ranges from 5 to 25 with higher scores reflecting higher PBC levels.

5.2.4.4 Taste responsiveness to PROP

A 3.2mM 6-n-propyl-2thiouracil (European Pharmacopoeia Reference Standard, Sigma Aldrich,
Milano, IT) solution (PROP) was prepared by dissolving 0.545 g/L. of PROP in deionized water
(Prescott et al., 2004). Participants received 2 identical samples (10 mL) coded with 3-digit codes.

They were instructed to hold each sample for 10 s in the oral cavity, then spit it out, wait for 20s and
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then evaluate the bitterness intensity using the Generalized Labeled Magnitude scale (GLMs). Before
the evaluation, the use of the gL.Ms (0-100) was explained to all particpants (Bartoshuk et al., 2004).
Subjects had a 90 s break to avoid carry-over effects. During the break, subjects rinsed their mouth
with distilled water for 30 s, ate plain crackers for 30 s, and finally rinsed their mouths with water for
30 s. PROP scores were categorized into three groups (Non-taster, Medium taster and Super taster)
with cut-offs by the first and third quartile. The PROP taste test were performed as a duplicate

measurement in all subjects (n=100) at the end of the second session (table 5.1).

5.2.5 Second session

During the second session of 30 min, participants evaluated liking and perceived sparkling intensity
of sparkling waters (table 5.2). Participants were asked to fill in the Sensitivity to Reward and
Sensitivity to Punishment questionnaire and to perform a replication of the PROP status test (table

5.1).

5.2.5.1 Liking and sparkling intensity of sparkling waters

Liking and perceived sparkling intensity of five sparkling waters (0.21, 1.05, 1.68, 2.9 and 4.2 g/L
CO,) were assessed using the Labelled Affective Magnitude scale (LAMs) and Generalized Labelled
Magnitude scale (gLMs), respectively (table 5.1). Between samples participants had to rinse their
mouth with still water. Carbonated waters (serving size 10 mL per cup) were served at around 10°C

in three digit coded cups. The presentation order was randomized over subjects.

5.2.5.2 Sensitivity to punishment and reward questionnaire (SPSRQ)

The Sensitivity to punishment and reward questionnaire (SPSRQ) developed by Torrubia et al. (2001)
quantifies the responsiveness of Behavioural Inhibition System (BIS) and Behavioural Activation
System (BAS). The SP scale sets situations that describe individual differences in reactivity to BIS.
The SR scale measures the functioning of the BAS dealing with certain rewards, such as money,
gender, social power and approval or praise. The SP and SR scales were answered with yes/no. The
scores ranged from 0 to 24 for each scale. The higher scores reflected higher sensitivity to punishment

and to reward (Spinelli et al., 2018).

5.2.6. Statistical data analysis

The distribution of the variables frequency of consumption, nationality, DEBq, HTAS, SR, SP, PROP
status were analysed by descriptive statistical tools. The internal consistency of each domain of the
psychological questionnaires was measured by Cronbach’s alpha.

Regarding the data coming from the first session, first, the BET of each participant was calculated as
the geometric mean of both, the value of the concentration at which the participant first answered
correctly, and all higher concentrations were also correct, and the highest concentration missed. The
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geometric mean was applied to determine the group carbonation detection threshold (BET). Secondly,
Pearson’s correlations were calculated to determine relationships between consumption frequency,
psychological and behavioural traits, PROP test responses with individual detection thresholds for
sparkling sensation. One-way ANOVA was run to analyse the effect of gender and nationality on
sparkling detection thresholds.

The effect of all the individual characteristics on the sparkling detection thresholds was also
investigated by means of the chi-square test. Personality traits ratings were first categorized using the
characteristic values of the percentile distribution (first and third quartiles), and then three segments
or levels of interest/sensitive (Low, moderate and high) were considered. In the same way, PROP
scores were categorized into three groups (Non-taster, Medium taster and Super taster) with cut-offs
by the first and third quartile. Finally, particpants were clustered in two groups according to their
detection threshold for sparkling sensations considering the group geometric mean as cut-off.
Regarding the data coming from the second session repeated measures ANOVA model was used to
analyse the differences between samples for liking and perceived sparkling intensity, and to verify
the effect of PROP status and consumption frequency on both liking and perceived sparkling
intensity. Pearson’s correlations were calculated to determine relationships between psychological
and behavioural traits and liking and perceived sparkling intensity. All data analyses were conducted
using XLSTAT (Version 2016.1.01, Addinsoft, Andernach, Germany). A significance level of p<0.05

was chosen.

5.3. Results
Characteristics of the n=100 participants in the study are reported in Table 5.3.
Table 5.3. Individual characteristics of n=100 participants.

Variables Males Females Total
(n=43) (n=57) (n=100)
Age (years) 2543 2444 2544
Nationality
Chinese 14 16 30
Dutch 7 15 22
Indonesian 3 7 10
Italian 7 3 10
Others 12 16 28
Body mass index (kg/m?)
Under weight (<18.50) 0 4 4
Normal range (18.50-24.99) 32 47 79
Overweight (25.00-29.99) 10 4 14
Obese (>30.00) 1 2 3
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Sparkling water consumption

Non-consumers (never) 8 18 26
Medium consumers (1 time/month) 24 27 51
Frequent consumers (> 1-2 times/week) 11 12 23
Smoking

Never 34 52 86
Once a month 2 2 4
1-2 times/week 2 0 2
3-6 times/week 1 1 2
Everyday 4 2 6
Prop status

Non taster 11 15 26
Medium taster 19 29 48
Super taster 13 13 26

According to the consumption frequency of sparkling water, participants were clustered in three

groups: non consumers (never, n=26), moderate consumers (1 time/month, n=51) and regular

consumers (> 1 time—2 times/week, n=23).

Distribution of PROP ratings among participants showed a normal distribution. The upper limit of

the first quartile and lower limit of the third quartile were 26 and 61 on gl.Ms, respectively.

Regarding the psychological traits, the internal consistency of each domain for each questionnaire

was validated by Cronbach’s alpha, as shown in Table 5.4 together with the scores range. Concerning

the internal consistency of each questionnaire, only Using Food as a Pleasure and PBC revealed a

low internal validity (Cronbach’s a = 0.55 and 0.56 respectively). For this reason, Using Food as a

Pleasure domain and PBC questionnaire results were excluded from the data elaboration.

Table 5.4. Descriptive statistics and Cronbach’s alpha (o) for each questionnaire.

Questionnaires/Domains Theoretical Min Max Mean SD a
range

HTAS

General Health Interest (GHI) 8-56 14 55 34.82 8.15 0.84
Light Product Interest (LPI) 6-42 6 40 23.54 5.76 0.81
Natural Product Interest (NPI) 6-42 7 37 21.81 6.88 0.80
Craving for Sweet Foods (CSF) 6-42 12 41 27.20 6.65 0.80
Using Food as a Reward (UFR) 6-42 13 42 29.51 5.67 0.73
Using Food as a Pleasure (UFP) 6-42 16 41 28.77 5.17 0.55
SPSRQ

Sensitivity to Punishment (SP) 0-24 0 23 11.35 5.36 0.84
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Sensitivity to Reward (SR) 0-24 1 22 10.52 4.10 0.73

DEBQ

Restrained eating 10-50 11 50 25.95 8.48 0.90
Emotional eating 13-65 13 59 32.59 10.9 0.93
External eating 10-50 16 46 32.90 5.83 0.80
PBC 5-25 10 22 15.94 3.12 0.56

5.3.1 Relationships between individual sparkling detection thresholds (sparkling sensitivity) and
individual variables

The individual detection thresholds for sparkling sensation ranged from 0.02 g/L to 1.48 g/L. COx.
The BET group geometric mean detection threshold for sparkling sensation was 0.44 g/L. CO; with a
95% level of confidence. No significant correlations were observed between detection threshold for
sparkling sensation (sparkling sensitivity) and any of the individual variables (consumption behaviour
(Figure 5.1), PROP status, GHI, LPI, NPI, Craving for sweet food, Using food as reward, Restrained
eating, Emotional eating, External eating, SP, SR, gender). In particular, detection thresholds were
independent of consumption behaviour (r=-0.164, p=0.101, see figure 1), PROP status (r=-0.153,
p=0.127), GHI (r=0.032, p=0.751), LPI (r=-0.016, p=0.877), NPI (r=0.129, p=0.197), Craving for
sweet food (r=-0.038, p=0.708), Using food as reward (r=-0.043, p=0.671), Restrained eating (r=-
0.020, p=0.230), Emotional eating (r=-0.186, p=0.063), External eating (r=-0.180, p=0.072), SP
(r=0.068, p=0.500), SR (r=-0.088, p=0.379).

No significant differences were observed between males and females in terms of sparkling detection
thresholds (p=0.862).
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0.6

0.5 A

0.4 A
0.3 A
0.2 A
0.1 A
0.0

Non-consumers Moderate Frequent ALL (n=100)
(n=23) consumers consumers
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Sparkling Detection Threshold (g/L CO,)
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Figure 5.1. Sparkling detection threshold (g/L CO,) of non-consumers (never), moderate consumers (1 time
per month) and frequent consumers (at least 1-2 times per week) of sparkling water. The average value (BET)

calculated for all participants (n=100) is also shown. Error bars indicate standard error.

To investigate the effect of nationality on detection threshold 28 participants from different
nationalities were excluded from the dataset, since there was only one participant per nationality.
Four groups were compared (Chinese, n=30; Dutch, n=22; Indonesian, n=10; Italian, n=10). A
significant effect of nationality on detection threshold of sparkling sensations (sparkling sensitivity)
was observed. Italian consumers had a higher detection threshold compared to Dutch (p=0.035) and

Chinese (p=0.043) consumers (table 5.5).

Table 5.5. Sparkling detection threshold of four nationality groups.

Lower bound Upper bound

Nationality Sparkling DT Standard error (95%) (95%) Groups
Italian 0.742 0.130 0.482 1.003 A

Indonesian 0.524 0.130 0.264 0.784 A B
Chinese 0.372 0.075 0.222 0.522 B
Dutch 0.305 0.088 0.130 0.481 B

To further analyse the data, different chi-square tests were performed using participants clustered in
different groups according to all the individual variables, including the sparkling detection thresholds.
Participants (n=100) were clustered in two sensitivity groups using the average detection threshold
(BET) as cut-off. No significant correlations were observed between the investigated variables (table

5.6). Furthermore, the nationality differences observed earlier, were not significant anymore.

Table 5.6. Effect of individual factors on sparkling detection thresholds - x* analysis on frequencies.

Individual factors > observed ¥ critical p-value
Gender 0.003 3.841 0.955
Nationality 0.927 7.815 0.819
Frequency of consumption 3.968 5.991 0.138
PROP status 0.403 5.991 0.818
GHI 0.003 5.991 0.999
LPI 0.232 5.991 0.890
NPI 0.926 5.991 0.629
CSF 1.715 5.991 0.424
UFR 4.855 5.991 0.088
SP 0.417 5.991 0.812
SR 0.646 5.991 0.724
Restrained eating 3.483 5.991 0.175
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Emotional eating 0.305 5.991 0.859
External eating 2.818 5.991 0.244

5.3.2 Liking and perception of sparkling intensity of carbonated mineral waters

Liking and perceived sparkling intensity of carbonated mineral waters ranging in CO> concentration
from 0.21 to 4.2 g/L were determined using LAM and gLLM scales, respectively (Fig. 5.2 a, b). Liking
of the carbonated mineral water with the lowest CO2 concentration (0.21 g/L) was significantly higher
than liking of all other samples (p = 0.001). Regarding perceived sparkling intensity, all mineral
waters were perceived significantly different from each other (p<0.0001) and, as expected, the scores

followed an upward trend with increasing intensity with increasing CO> concentration.
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Figure 5.2. Liking (a) and sparkling intensity (b) (means =+ standard error) scored by n=100 participants of

mineral waters differing in CO; concentration.

The effect of frequency of consumption on liking and perceived sparkling intensity was also
investigated considering three groups of frequency of consumption (Figure 5.3 a, b). Non-consumers
liked the mineral water with the lowest CO> concentration (S1, corresponding 0.21 g/l CO»)
significantly less than moderate and frequent consumers. Liking of mineral waters with CO»
concentrations of 1.68, 2.9 and 4.2 g/ CO; (samples S3, S4 and S5), by non-consumers was
significantly higher than liking of those waters by moderate and regular consumers.

Regarding the perceived sparkling intensity, non-consumers perceived the sparkling sensation of the
highly carbonated waters (S4 and S5, corresponding to 2.9 g/L and 4.2 g/L. CO») as significantly more

intensive than the water with lower CO» concentrations.
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Figure 5.3. Liking (a) and perceived sparkling intensity (b) (mean + standard error) scored by non-consumers,
(never), moderate consumers (1 time per month) and frequent consumers (at least 1-2 times per week) of
sparkling water. For each concentration, at different letters correspond significantly different values (p<0.05)
from Duncan’s test.

*The differences between groups for those concentrations are not significant.

5.3.3 Relationships between liking and sparkling intensity with individual characteristics

No relationships were found between liking of carbonated mineral waters and gender (p=0.753) or
PROP status (p=0.989). No relationships were found between perceived sparkling intensity of
carbonated mineral waters and gender (p=0.839) or PROP status (p=0.904).

Pearson’s correlations were calculated to determine relationships between psychological and
behavioural traits and liking and perceived sparkling intensity. The sensitivity to reward was
significantly and negatively related (r=-0.202, p=0.043) to liking of the least carbonated sparkling
water (S1, 0.021 g/L CO»), and significantly and positively related (r=0.219, p=0.028) to the liking
of the most carbonated sparkling water (S5, 4.2 g/L). No significant correlations were observed
between liking and the other psychological and behavioural traits.

Emotional eating was significantly and positively correlated with perceived sparkling intensity of the
most carbonated water (r=0.206, p=0.038). Restrained eating was significantly and positively
correlated with the perceived sparkling intensity of the two most carbonated waters (S4, 2.9 g/L with

r=0.234 and p=0.019; S5 4.2 g/L with r=0.249 and p=0.012).

5.4. Discussion
The aim of this study was to determine how detection thresholds for and perception of sparkling
sensation in carbonated mineral water are affected by consumption frequency of sparkling water and

individual consumer characteristics. The BET geometric mean detection threshold of dissolved CO>
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in water was 0.44 g/L. This threshold is comparable to the threshold previously reported by Le Calvé
et al. (2008) (0.26 g/L).

Differences in the chosen concentrations of sparkling waters and differences in the mineral
composition might cause differences in detection thresholds of sparkling sensations.

The present study aimed to understand how sparkling sensation detection thresholds are influenced
by individual consumer characteristics. To the best of our knowledge, no studies have been reported
that investigated sparkling sensations and its relationships with individual consumer variables. In
particular, the influence of consumption behaviour of sparkling water on sparkling detection
thresholds has not been investigated. We did not find significant correlations between sparkling
detection thresholds and consumption frequency of sparkling water. This is in agreement with
Pangborn and Pecore (1982) who demonstrated no significant correlations between salt intake and
detection thresholds for NaCl. Recently, Low and colleagues (2016) reported that no strong
correlations between sweetness detection thresholds and mean total energy intake and percentage of
energy from total fat, protein, carbohydrate, sugar, starch, and fibre. Furthermore, no significant
differences between ethanol detection thresholds and beer consumption were found by Mattes and Di
Meglio (2001).

In contrast, detection thresholds of oleic acid (fat sensitivity) were influenced by dietary patterns (low
vs. high fat diet) (Stewart and Keast (2012)). Whether significant correlations between detection
thresholds and consumption behaviour are found or not may depend on the sample size that is
investigated. Interestingly, most studies exploring associations between detection thresholds of
various sensations and consumption behaviour used relatively small sample size with typically n<60
subjects.

Sparkling detection thresholds were not significantly different between non-PROP tasters, medium
and super PROP tasters. The ability to taste PROP has been linked to the bitter receptor gene
hTAS2R38 (Duffy et al. 2004). Relationships between PROP taster status and detection thresholds
for sweetness (sucrose) and bitterness (quinine-HCI) have been demonstrated (Hong et al., 2004).
However, Keast and Roper (2007) found no correlations between detection thresholds for bitterness
(caffeine, quinine HCI) and PROP taster status. Different results reported by different studies and
lack of correlations of taste threshold and PROP taster status may be due to multiple factors. Recent
advances in the knowledge of the peripheral organization of the taste system strongly indicated that
taste receptor cells are quality specific (Mueller et al. 2005; Huang et al. 2006). Furthermore, whilst
the relationship between PROP status and taste detection thresholds is complex and conflicting, it is
reasonable to think that a bond with the sparkling sensitivity may be even more intricate. The results

from this study do not diminish that complexity especially because the sparkling sensation is
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perceived by both trigeminal (Dessirier et al., 2000; Kleeman et al., 2009; Meusel et al., 2010) and
gustatory receptors (Symoneaux et al., 2015).

Moreover, in this study we verified how sparkling detection thresholds are related with several
psychological traits of the consumer. Attention to specific sensory stimuli could be modulated by
personal factors including the emotional state. Our results showed no relationships between sparkling
detection thresholds and any measured psychological trait. In particular, the sensitivity to punishment
and to reward, measured with the SPSR questionnaire, was not correlated with the sparkling sensation
sensitivity. We speculate that consumers who are sensitive to signals of punishment, frustrative non-
reward and to signals of incentives may have an unconditioned system of protection for aversive and
painful stimuli, as, by generally speaking, the sparkling sensation might be (Dessirier et al., 2000),
and consequently might have high sensory sensitivity for those sensations. Our results are in contrast
with the study of Croy and colleagues (2011), who found a significant positive correlation between
trigeminal chemosensory detection sensitivity of intranasal gaseous CO: and neuroticism, which was
positively related to sensitivity to punishment and reward (Torrubia et al., 2000). However, the CO>
perception starts to be painful at concentrations around 0.83g/L. (Hummel et al., 2011). In our study,
only 13 people showed a sparkling detection threshold higher than 0.83g/L. Therefore, the reason
why we did not find any relationship with the sensitivity to punishment and to reward may be due to
the fact that the majority of people did not perceive the sparkling sensation as painful.

Our study demonstrates that eating attitudes quantified by the DEBQ did not predict sparkling
sensation thresholds. Those findings are in contrast with the study conducted by Stafford et al. (2013),
which showed that dietary restraint and eating attitudes were associated with poorer odour sensitivity.
We also did not find any correlations between sparkling sensation sensitivity and attitude for healthy
foods measured assessed by the HTAS questionnaire. A limitation of the current study was that a
rather homogeneous group of subjects was used. All participants were young, healthy adult students,
so the population was highly educated and very aware of food and health.

The second part of the study aimed to verify how frequency of consumption of sparkling water and
individual consumer characteristics affect liking of sparkling waters and perceived sparkling
intensity. We found an effect of the frequency of consumption of sparkling water on both liking and
perceived sparkling intensity. In particular, non-consumers of sparkling water liked the sparkling
waters more than moderate and regular consumers. This result is probably caused by the fact that
many of the non-consumers reported to not consume sparkling water for cost reasons and not because
they dislike the sensory properties of it (data not shown). They prefer tap water over sparkling water
since it is cheaper. Since the non-consumers were not used to drink sparkling water, they might have

perceived the possibility to consume sparkling water as very pleasant and therefore scored liking
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higher than the medium and frequent consumers. Intensity of sparkling sensation was also perceived
as higher in non-consumers than the medium and frequent consumers. This finding was expected,
since the intensity scores given by consumers who are used to drink sparkling water are based on
well-known sensations.

Our results did not show significant relationships between liking and sparkling intensity and PROP
status. This last result is in contrast with other studies which showed significant relationships between
PROP status and perception of other sensations. PROP status has been positively correlated with
suprathreshold sweetness, bitterness (Bajec and Pickering 2008; Bartoshuk, Duffy, and Miller 1994;
Fischer et al. 2014), saltiness, sourness, (Bajec and Pickering 2008; Fischer et al. 2014), astringency,
and metallic intensity (Bajec and Pickering 2008) in aqueous solutions. Also, several studies have
established associations between PROP responsiveness and perception of oro-sensations elicited by
foods and beverages (Akella, Henderson, and Drewnowski 1997; Bell and Tepper 2006; Lanier,
Hayes and Duffy 2005).

Finally, we found a few relationships between liking of sparkling water and sensitivity to reward. In
particular, sensitivity to reward was positively related with the liking of the most sparkling sample.
It is interesting that liking of sparkling water shows correlation with a personality construct thought
to measure sensitivity to rewards such as money, sex, and social status. This finding seems to be in
agreement with the results of Byrnes and Hayes (2012), which showed similar results considering the
burn sensation provoked by capsaicin. Indeed, that study showed a positive trend between liking of

spicy foods and sensitivity to reward.

5.5 Conclusions

Sparkling sensation sensitivity expressed as detection threshold of sparkling sensation (BET) in
carbonated mineral water was 0.44 g/L CO> concentration. BET of sparkling sensation was not
affected by frequency of consumption of sparkling water and not related to PROP taster status and
consumer psychological variables. These results may suggest that the human sensitivity to sparkling
sensation is innate and not influenced by any individual characteristics and consumption behaviour
of carbonated beverages.

Liking and perception of sparkling intensity of carbonated mineral water were affected by frequency
of consumption of sparkling water. Non-consumers liked sparkling water more than moderate or
regular consumers, probably because mainly for cost reasons the non-consumers did not drink
sparkling water. Sparkling sensations were perceived more intensive by non-consumers compared to

moderate and regular consumers.
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The relationships presented in this study showed that liking for sparkling water is determined by an
individual’s sensitivity to reward. The few significant relationships presented here, while indicative
that personality variables are related with food choice and liking, are only qualitative associations. In
the future, further exploration into the source of these differences is necessary to better understand

the drivers of beverage choice with chemesthetic compounds.

108



References

Akella, G. D., Henderson, S. A., & Drewnowski, A. (1997). Sensory acceptance of Japanese green tea and
soy products is linked to genetic sensitivity to 6-n-propylthiouracil. Nutrition and Cancer, 29 (2), 146—-151.
https://doi.org/10.1080/01635589709514616.

Allen, A.L., McGeary, J.E., & Hayes, J.E. (2013). Rebaudioside A and Rebaudioside D bit- terness do not
covary with Acesulfame K bitterness or polymorphisms in TAS2R9 and TAS2R31. Chemosensory Perception,
6, 109-117. https://doi.org/10.1007/s12078-013-9149-9.

Bajec, M. R., & G. J. Pickering. (2008). Thermal taste, PROP responsiveness, and perception of oral
sensations. Physiology & Behavior, 95, 581-590. https://doi.org/10.1016/j.physbeh.2008.08.009.

Bartoshuk, L. M. (1993). The biological basis of food perception and acceptance. Food Quality and
Preference, 4(1). https://doi.org/10.1016/0950-3293(93)90310-3.

Bartoshuk, L. M., Duffy, V. B., & Miller. L. J. (1994). PTC/PROP tasting: Anatomy, psycophysics and sex
effects. Physiology & Behavior, 56 (6), 1165—1171. https://doi.org/10.1016/0031-9384(94)90361-1.

Bartoshuk, L. M., Dufty, V. B., Green, B. G., Hoffman, H. J., Ko, C.-W., Lucchina, L. A., Marks, L.E.,
Snyder, D.J., Weinffenbach. J.M. (2004). Valid across-group comparisons with labeled scales: the gLMS
versus magnitude matching. Physiology & Behavior, 82, 109-114.
https://doi.org/10.1016/j.physbeh.2004.02.033.

Bartoshuk, L.M., Rifkin, B., Marks, L.E. & Bars, P. (1986). Taste and aging. Journal Gerontology, 41,
51-57. https://doi.org/10.1093/geronj/41.1.51.

Bell, K. 1., & Tepper, B. J. (2006). Short-term vegetable intake by young children classified by 6-n-
propylthoiuracil bitter-taste phenotype. The American Journal of Clinical Nutrition, 84, 245-251.
https://doi.org/10.1093/ajcn/84.1.245.

Byrnes, N. K., & Hayes J. E. (2016) Behavioral measures of risk tasking, sensation seeking and sensitivity
to reward may reflect different motivations for spicy food liking and consumption. Appetite,103, 411-422.
https://doi.org/10.1016/j.appet.2016.04.037.

Byrnes, N. K., & Hayes, J. E. (2013). Personality factors predict spicy food liking and intake. Food Quality
and Preference, 28(1), 213-221. https://doi.org/10.1016/j.foodqual.2012.09.008.

Chandrashekar, J., Yarmolinsky, D., von Buchholtz, L., Oka, Y., Sly, W., Ryba, N.J., & Zucker, C.S.,
(2009). The taste of carbonation. Science, 326, 443—445. doi:10.1126/science.1174601.

Coulthard, H., & Blissett J. (2009). Fruit and vegetable consumption in children and their mothers.
Moderating effects of child sensory sensitivity. Appetite, 52, 410-415.
https://doi.org/10.1016/j.appet.2008.11.015.

Cowart, B.J. (1989) Relationships between taste and smell across the adult life span. Annals of the New
York Academy of Sciences ,561, 39-55.

Cox, D. N., Perry, L., Moore, P. B., Vallis, L., & Mela, D. J. (1999). Sensory and hedonic associations
with macronutrient and energy intakes of lean and obese consumers. [nternational Journal of Obesity, 23(4),

403—410. https://doi.org/10.1038/sj.1j0.0800836.

109



Croy, 1., Springborn, M., Loétsch, J., Johnston, A. N.B., & Hummel, T. (2011). Agreeable smellers and
sensitive Neurotics - Correlations among personality traits and sensory thresholds. PLoS ONE 6, (4)1-9.
https://doi.org/10.1371/journal.pone.0018701.

Darian-Smith, L. (1973). The trigeminal system A. Iggo (Ed.), Handbook of sensory physiology,
somatosensory system, Springer, Berlin, (Chapter 2, pp. 271-314).

Dessirier, J. M., Simons, C. T., Carstens, M. 1., O'Mahony, M., & Carstens, E. (2000). Psychophysical and
neurobiological evidence that the oral sensation elicited by carbonated water is of chemogenic origin. Chemical
Senses, 25(3), 277-284. https://doi.org/10.1093/chemse/25.3.277.

Dufty, V. B., & Bartoshuk, L. M. (2000). Food acceptance and genetic variation in taste. Journal of the
American Dietetic Association, 100, 647-654. https://doi.org/10.1016/S0002-8223(00)00191-7.

Duffy, V. B., Peterson, J. M., & Bartoshuk. L. M. (2004). Associations between taste genetics, oral
sensations and alcohol intake. Physiology & Behavior, 82, 435-445.
https://doi.org/10.1016/j.physbeh.2004.04.060.

Duffy, V.B. (2007). Variation in oral sensation: implications for diet and health. Current Opinion in
Gastroenterology, 23, 171-177. https://d0i/10.1097/MOG.0b013e3280147d50.

Dunkel, A., & Hofmann, T. (2010). Carbonic anhydrase IV mediates the fizz of carbonated beverages.
Angewandte Chemie — International Edition (49th ed.), 2975-2977. https://doi.org/10.1002/anie.200906978.
Dunn, W. (1999). The Sensory Profile: User’s manual. San Antonio, TX: Psychological Corporation.

Engen, T. (1960). Effect of practice and instruction on olfactory thresholds. Perceptual and Motor Skills,
10, 195-198. https://doi.org/10.2466/pms.1960.10.3.195.

Fischer, M. E., Cruickshanks, K. J., Pankow, J. S., Pankratz, N., Schubert, C. R., Huang, G.H., Klein, B.
E. K., Klein, R. & Pinto. A. (2014). The associations between 6-n-propylthiouracil (PROP) intensity and taste
intensities differ by TAS2R38 haplotype. Journal Nutrigenet and Nutrigenom, 7,143—152.
https://doi.org/10.1159/000371552.

Hansen, J.L., Reed, D.R., Wright, M.J., Martin, N.G., & Breslin, P.A. (2006). Heritability and genetic
covariation of sensitivity to PROP, SOA, quinine HCI, and caffeine. Chemical Senses, 31, 403-413.
https://doi.org/10.1093/chemse/bjj044.

Hong, J. H. C., Jin, W. K., Young, K.C., Sung, C. L., Sung W. K., & Hong, S. (2004). The relationship
between PTC taster status and taste thresholds in young adults. Oral Surgery, Oral Medicine, Oral Pathology,
Oral Radiology and Endodontology 99,6, 711-715. https://doi.org/10.1016/j.tripleo.2004.08.004.

Huang A., Chen X., Hoon M., Chandrashekar J., Guo W., Trankner D., Ryba N.J., & Zuker C.S. (2006).
The «cells and logic for mammalian sour taste detection. Nature, 442, 934-938.
https://doi.org/10.1038/nature05084.

Hummel, T., Springborn, M., Croy, L., Kaiser, J., Lotsch, J. (2011). High pain sensitivity is distinct from
high susceptibility to non-painful sensory input at threshold level. International Journal of Psychophysiology,
80(1), 69- 74. https://doi.org/10.1016/j.ijpsycho.2011.01.012.

110



Hyde, R.J. & Feller, R.P. (1981). Age and sex effects on taste of sucrose, NaCl, citric acid and caffeine.
Neurobiology Aging, 2, 315-318. https://doi.org/10.1016/0197-4580(81)90041-5.

Kaminski, L.C., Henderson, S.A., & Drewnowski, A. (2000). Young women’s food preferences and taste
responsiveness  to  6-n-propylthiouracil  (PROP).  Physiological  Behaviour, 68, 691-697.
https://doi.org/10.1016/S0031-9384(99)00240-1.

Keast, R.S.J., & Roper, J. (2007). A complex relationship among chemical concentration, detection
threshold, and suprathreshold intensity of bitter compounds. Chemical Senses, 32, 3, 245-25.
https://doi.org/10.1093/chemse/bjl052.

Kim, H., Neuberta, J. K., San Miguela, KeXub, A., Krishnarajua, R.K., ladarolaa, M. J., Goldmanb, D.,
& Dionne R.A. (2004). Genetic influence on variability in human acute experimental pain sensitivity
associated with gender, ethnicity and psychological temperament. Pain, 109, 488-496.
https://doi.org/10.1016/j.pain.2004.02.027.

Kleeman, A., Albrecht, J., Schopf, V., Haegler, K., Kopietz, R., Hempel, J.M., Linn, J., Flanagin, V.L.,
Fesl, G., & Wiesmann, M. (2009). Trigeminal perception is necessary to localize odors. Physiology &
Behavior, 97, 401-405. https://doi.org/10.1016/j.physbeh.2009.03.013.

Lanier, S.A., Hayes, J. E., & Duffy, V.B. (2005). Sweetand bitter tastes of alcoholic beverages mediate
alcohol intake in  of-age  undergraduates.  Physiology @~ &  Behavior, 83,  821-831.
https://doi.org/10.1016/j.physbeh.2004.10.004.

Lawless, H.T., Heymann, H. (2010) Physiological and Psychological Foundations of Sensory Function in
H.T. Lawless, H. Heymann, Sensory Evaluation of Food, pp 19-50. Food Science Text Series, 19 DOI
10.1007/978-1-4419-6488-5 2, © Springer Science+Business Media, LLC

Le Calvé, B., Goichon, H., & Cayeux Firmenich, 1. (2008). CO2 perception and its influence on flavour.
Expression of Multidisciplinary Flavour Science. 55-58.

Low, J. Y.Q., Lacy, Kathleen, E., McBride, R., Keast, R.S.J. (2016). The association between sweet taste
function, anthropometry, and dietary intake in adults. Nutrients, 8, 241. https://doi.org/10.3390/nu8040241.

Ludy, M. J., & Mattes, R. D. (2011). The effects of hedonically acceptable red pepper doses on
thermogenesis and appetite. Physiology & Behavior, 102, 251-258.
https://doi.org/10.1016/j.physbeh.2010.11.018.

Mattes, R.D., & Di Meglio D. (2001). Ethanol perception and ingestion. Physiology & Behavior,72,217-
229. https://doi.org/10.1016/S0031-9384(00)00397-8.

McCorkindale, L. (1992). What Is Taste? Nutrition & Food Science, 92(6), 8-
12. https://doi.org/10.1108/EUM0000000000968

Meilgaard, M., Civille, G. V., & Carr, B. T. (1999). Factors influencing sensory verdicts. In M. Meilgaard,
G. V. Civille, & B. T. Carr, (Eds.) Sensory evaluation techniques (3rd ed., pp. 37—41), Boca Raton: CRC

International publishing.

111



Meusel, T., Negoias, S., Scheibe, M., & Hummel, T. (2010). Topographical differences in distribution and
responsiveness of trigeminal sensitivity within the human nasal mucosa. Pain, 151, 516-521.
https://doi.org/10.1016/j.pain.2010.08.013.

Miller, L. J., & Reedy, F. E. (1990). Variations in human taste bud density and taste intensity perception.
Physiology & Behavior, 47(6). https://doi.org/10.1016/0031-9384(90)90374-D.

Miller, L. C., Murphy, R., & Buss, A. H. (1981). Consciousness of body: Private and public. Journal of
Personality and Social Psychology, 41, 397—406. https://doi.org/10.1037/0022-3514.41.2.397.

Mojetl, J., Christ-Hazelhof E., & Heidema J. (2001). Taste Perception with Age: Generic or Specific
Losses in Threshold Sensitivity to the Five Basic Tastes? Chemical Senses, 26, 845-860.
https://doi.org/10.1093/chemse/26.7.845.

Monteleone, E., Spinelli, S., Dinnella, C., Endrizzi, 1., Laureati, M., Pagliarini, E., Sinesio, F., Gasperi, F.,
Torri, L., Aprea, E., Bailetti, L.I., Bendini, A., Braghieri, A., Cattaneo, C., Cliceri, D., Condelli, N., Cravero,
M.C., Del Caro, A., Di Monaco, R., Drago, S., Favotto, S., Fusi, R., Galassi, L., Gallina Toschi, T.,
Garavaldi, A., Gasparini, P., Gatti, E., Masi, C., Mazzaglia, A., Moneta, E., Piasentier, E., Piochi, M.,
Pirastu, N., Predieri, S., Robino, A., Russo, F., &Tesini F. (2017). Exploring influences on food choice in a
large population sample: The Italian Taste project. Food Quality and Preference, 59, 123-140.
https://doi.org/10.1016/j.foodqual.2017.02.013.

Mueller K.L., Hoon M.A., Erlenbach 1., Chandrashekar J., Zuker C.S., & Ryba N.J. (2005). The receptors
and coding logic for bitter taste. Nature, 434, 225-229. https://doi.org/10.1038/nature03352.

Nolden, A., Hwang, L.D., Boltong, A., & Reed D.R. (2019). Chemosensory Changes from Cancer
Treatment and Their Effects on Patients’ Food Behavior: A Scoping Review. Nutrients,
11(10). https://doi.org/10.3390/nul1102285.

Nordin, S., Razani, L.J., Markison, S., & Murphy, C. (2003). Age associated increases in intensity
discrimination for taste. Experimental Aging Research, 29, 371-381.
https://doi.org/10.1080/03610730303719.

Norris R.A., Momeni D.F., Waldo, S.S., Ruby, B., & John, D. (2016). The pH of beverages in the United
States. Journal of the American Dental Association. https://doi.org/10.1016/j.adaj.2015.10.019.

Pangborn, R. M., & Pecore, S. D. (1982). Taste perception of sodium chloride in relation to dietary intake
of salt. The American Journal of Clinical Nutrition, 35:3, 510-520. https://doi.org/10.1093/ajcn/35.3.510.

Perry, G. H., Dominy, N. J., Claw, K. G., Lee, A. S., Fiegler, H., Redon, R., & Misra, R. (2007). Diet and
the evolution of human amylase gene copy number variation. Nature Genetics, 39(10).
https://doi.org/10.1038/ng2123.

Prescott, J., Soo, J., Campbell, H., & Roberts, C. (2004). Responses of PROP taster groups to variations
in sensory qualities within foods and beverages. Physiology & Behavior, 82, 459-469.
https://doi.org/10.1016/j.physbeh.2004.04.009.

Roininen, K., Lahteenmaéki, L., & Tuorila, H. (1999). Quantification of consumer attitudes to health and

hedonic characteristics of foods. Appetite, 33, 71-88. https://doi.org/10.1006/appe.1999.0232.

112



Schiffman, S. S. (1993). Perception of taste and smell in elderly persons. Critical Reviews in Food Science
and Nutrition, 33, 17-26. https://doi.org/10.1080/10408399309527608

Simchen, U., Koebnick, C., Hoyer, S., Issanchou, S., & Zunft H. J.F. (2016). Odour and taste sensitivity
is associated with body weight and extent of misreporting of body weight. European Journal of Clinical
Nutrition, 60, 698—705. https://doi.org/10.1038/sj.ejcn. 1602371.

Spinelli, S., De Toffoli, A., Dinnella, C., Laureatb, M., Pagliarini, E., Bendini, A., Braghieri, Tullia Gallina
Toschi, A., Sinesio, F., Torri, L., Gasperi, F., Endrizzi, 1., Magli, M., Borgogno, M., Salvoj, R., Favotto, S.,
Prescott, J., & Monteleone E. (2018). Personality traits and gender influence liking and choice of food
pungency. Food Quality and Preference, 66, 113—126. https://doi.org/10.1016/j.foodqual.2018.01.014.

Stafford, L.D., Tucker, M., & Gerstner, N. (2013). A bitter sweet asynchrony. The relation between eating
attitudes, dietary  restraint on  smell and taste function.  Appetite, 70, 31-36.
https://doi.org/10.1016/j.appet.2013.06.084.

Stewart, J. E., & Keast, R.S.J. (2012). Recent fat intake modulates fat taste sensitivity in lean and
overweight subjects. International Journal of Obesity, 36, 834—842. https://doi.org/10.1038/ij0.2011.155.

Symoneaux, R., Le Quere, J. M., Baron, A., Bauduin, R., & Chollet, S. (2015). Impact of CO2 and its
interaction with the matrix components on sensory perception in model cider. Lwt-Food Science and
Technology, 63(2), 886-891. https://doi.org/10.1016/j.1wt.2015.04.037.

Taernwall, O., Silventoinen, K., Kaprio, J., & Tuorila, H. (2012). Why do some like it hot? Genetic and
environmental contributions to the pleasantness of oral pungency. Physiology & Behavior, 107(3).
https://doi.org/10.1016/j.physbeh.2012.09.010.

Torrubia, R., Avila, C., Molto, J., & Caseras, X. (2001). The Sensitivity to Punishment and Sensitivity to
Reward Questionnaire (SPSRQ) as a measure of Gray’s anxiety and impulsivity dimensions. Personality and
Individual Differences, 31(6), 837-862. https://doi.org/10.1016/S0191-8869(00)00183-5.

Vigningi A., Borroni, F., Sabbatinelli, J., Pugnaloni, S., Alia, S., Taus, M., Ferrante, L., Mazzanti, L.,
Fabri, M. (2019). General decrease of taste sensitivity is related to increase of bmi: A simple method to monitor
eating behavior. Hindawi. 1-8. https://doi.org/10.1155/2019/2978026

Wardwell, L., Chapman-Novakofsji, K., & Brewer, S. (2009). Effects of age, gender and chronic
obstructive pulmonary disease on taste acuity. International Journal of Food Sciences and Nutrition, 60,
(65S):84-97. https://doi.org/10.1080/09637480802710224.

Weiffenbach, J.M., Baum, B.J. & Burghauser, R. (1982). Taste thresholds: quality specific variation with
human aging. Journal Gerontology, 37, 372-377. https:// doi.org/10.1093/geronj/37.3.372.

Wise, P. M., Wolf, M., Thom, S. R., & Bryant, B. (2013). The influence of bubbles on the perception
carbonation bite. Plos One, 8(8). https://doi.org/10.1371/journal.pone.0071488

Wright, A.O., Ogden, L.V., & Eggett D.L. (2003). Determination of Carbonation Threshold in Yogurt.
Journal of Food Science, 68 (1). https://doi.org/10.1111/5.1365-2621.2003.tb14168.x.

Yamauchi, Y., Endo, S., & Yoshimura, 1. (2002). A new whole-mouth gustatory test procedure. II. Effects
of aging, gender and smoking. Acta Otolaryngology, 54, 649-59. https://doi.org/10.1080/00016480260046418

113



Chapter 6

Summary, conclusions and future perspectives
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Sensory sensitivity, intended as personal characteristic related to individual differences in detection
and reaction to sensory stimuli, plays a pivotal role in food preference and choice.

As largely described in Chapter 1, how the sensitivity to texture and trigeminal sensations may drive
the individual food preferences and choice is quite doubting.

The reason why the existing evidence is not solid is a missing standardized procedure to measure the
sensitivity to those sensory manifestations. Across the years, many methods have been proposed to
investigate the individual acuity to the texture and all the troubles related to those approaches are
discussed in Chapter 1, and thoroughly investigated in the other chapters of this PhD thesis. To
summarize, the first main issue is due to the fact that results present in the literature cannot be
generalized, because coming from different methods. Secondly, the majority of the approaches used
to investigate the texture sensitivity has not been performed using real food products, therefore they
do not reflect the real perception of the food.

The main aim of this PhD thesis, spread over four study cases, was to develop a new approach to
measure the individual sensitivities to specific key sensory attributes, by creating real foods varied in
different levels of the target stimulus intensity and by using a mathematical procedure to cluster
people according to their sensitivity. Simultaneously, as a secondary aim, the effect of individual
sensitivity on food preference and choice was also investigated as far as the relationship with other
individual variables

The presented results confirm, first, that differences in texture and trigeminal perception exist among
people and that proposed approach was valid to measure them. Also, individual characteristics, such
as gender, age, psychological traits and food behaviour play an important role in both sensitivity and
food liking and choice.

In particular, the main conclusions of each study case are following reported.

The first study case (Chapter 2) aimed to propose the method to measure the texture sensitivity, using
the graininess as key-texture attribute. To this purpose, five cocoa-based creams with different levels
of graininess were instrumentally characterized and evaluated by 59 consumers in terms of perceived
graininess and liking. On the base of the relationship between the refining time and the Dgp —
parameter used to instrumentally describe the graininess — people were clustered in three groups of
sensitivity, according to their ability to discriminate different levels of graininess. The measured
graininess sensitivity resulted affecting the individual texture perception, and also affected the
personal liking. Indeed, a significant liking trend was observed for the highly sensitive subjects, who
tendentially preferred the most refined samples, which in turn were perceived less grainy. In this
study, individual characteristics, such as gender and age, did not influence the graininess sensitivity

and did not affect the liking. This result was probably due to the small number of subjects involved
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in the study. However, data collected in this first explorative study showed that using the instrumental
characterization to predict the individual sensitivity allowed clustering people in different levels of
sensitivity, and that, according to what stated in Chapter 1, texture sensitivity may drive the food
liking.

On the basis of the results of Chapter 2, the second study case (Chapter 3) aimed to validate the
proposed method, investigating another texture attribute - the hardness - and using a larger sample of
subjects (n=248). To this purpose, four jellies were developed by changing the concentration of the
gelling agent, in order to obtain different levels of hardness. Following Chapter 2, subjects were
clustered in three groups of sensitivity according to the relationship observed between the
instrumentally measured hardness and the concentration of the gelling agent. Results confirmed that
the developed statistical methodology could be used to measure the sensitivity to any texture attribute
that can be first analysed by means of instruments. Indeed, subjects with different level of hardness
sensitivity differed in hardness perception and liking expressed for the jellies. Also, the individual
characteristics of gender and age, showed to play an important role in hardness perception, especially
demonstrating that ageing is — as largely explained in Chapter 1 — an important variable affecting the

texture sensitivity.

With the belief that the proposed method resulted effective to investigate the texture sensitivity and
applicable to any texture property, the third study case (Chapter 4) aimed to use the approach
developed in the first study case and validated in the second one, to explore the role of the sensitivity
to viscosity in food liking and choice.

Since there are other variables that can drive the food preferences and choice, such as the
psychological traits, the role of food neophobia in liking was also investigated. According to the aim,
five chocolate creams were made by using different solid concentrations (w/v), in order to obtain
different viscosities. Subjects were asked to evaluate the liking and the perceived viscosity of the
creams and to fill in a Food Choice questionnaire - developed on the base of texture dichotomies -
and the Food Neophobia questionnaire. Data showed that, first, once again, the proposed method was
reproducible and can be used to measure the sensitivity to viscosity as well. Secondly, different levels
of sensitivity led to different preferences and different texture choices. Finally, according to several

pieces of research present in literature, food neophobia appeared to affect personal liking.

Finally, the last study case (Chapter 5) aimed to explore the sparkling sensation, used as key-
trigeminal attribute, in order to determine how detection thresholds for and perception of sparkling
sensations in carbonated mineral water are affected by familiarity with carbonated beverages and

individual consumer characteristics. Detection thresholds of sparkling sensations, measured in 100
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consumers, are independent of consumption behaviour and preferences for carbonated beverages.
Thus, different levels of familiarity for sparkling water did not affect the sensitivity to the sparkling
sensation, which in turn was not influenced by gender, age or psychological traits. These findings
suggested that the sensitivity for this trigeminal sensation may be innate and does not change during
life. On the other hand, liking and perception of the sparkling intensity of carbonated mineral water
were significantly affected by the consumption frequency of sparkling water, demonstrating that
consumption behaviour, and thus the familiarity, is an important predictor of the individual

preferences.

In conclusion, to a large extent, the present PhD covered an important gap present in the literature.
The presented results demonstrated that used approach can be transferred to investigate other key
texture properties. Also, with a view to further validate the method, other individual variables that
can be related to individual sensitivity could be investigated, such as taste and odor sensitivity, and
other psychological traits.

If the sensitivity to the texture and trigeminal sensations may be affected by individual characteristics
or is innate, is still doubting. On the other hand, however, the individual sensitivities, psychological
traits and consumption behaviour, showed a significant effect on food liking and choices. Those last
remarks drive some final speculation.

In view of developing new food products, the possibility to have a picture of subjects, clustered for
different sensitivities, is two-fold helpful for the food industries. Indeed, the food industries could
look both for products designed to the average consumers, i.e. those subjects having a moderate acuity
in perception, and for tailored food products targeted to the outliers, i.e. those subjects showing a low
and high acuity. Therefore, this knowledge is crucial to emphasize or avoid specific textural attributes

for specific targets of consumers.
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